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ABSTRACT

Anti-phospholipid syndrome (APS), first proposed as a distinct disorder in 1983, is a
heterogeneous condition requiring fulfillment of both clinical (vascular thrombosis
and/or adverse pregnancy outcome) and laboratory criteria (confirmed presence of
an anti-phospholipid antibody, aPL) for classification.

[n the quarter century since its first description, clinical conditions associated
with APS, in addition to systemic lupus erythematosus (SLE), have expanded to
include among others, epilepsy, transverse, myelopathy, Guillain-Barré syndrome,
Addison’s disease, and autoimmune hemolytic anemia. Within each condition, the
proportion of patients positive for aPL has been shown to have a less favourable
prognosis. It has been observed, for example, that when aPL are present in patients
with SLE, there is an increased likelihood of an exacerbation of symptoms. However,
APS, particularly when aPL are present with early recurrent pregnancy loss alone
rather than with thrombotic manifestations, often has no longterm sequelae.

While acknowledging incomplete understanding of the pathogenesis of tissue
injury and fetal loss in APS, investigators have proposed diverse potential
mechanisms of complement-mediated inflammation involving platelet and endothelial
cell activation using murine models as well as procoagulant effects of aPL acting
directly on clotting pathway components. Despite these hypotheses, however, and
although aPL remain an essential element in the APS classification criteria, evidence
of their pathogenicity in humans remains unconfirmed. Many patients with a long
history of thrombotic events or recurrent pregnancy loss, in the absence of
comorbidities, are either negative for or have fluctuating levels of aPL. Others

repeatedly positive for aPL never experience any of the clinical conditions included in
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the classification criteria for APS. Evidently, therefore, the presence of aPL is neither
necessary nor sufficient for the development of either vascular thrombosis or
recurrent pregnancy loss.

Several randomized clinical trials evaluating therapeutic efficacy for recurrent
pregnancy loss have found that live birth rates are not significantly different
regardless of treatment or presence or absence of aPL. In addition, longterm studies
have shown that the vast majority of aPL-positive women with recurrent pregnancy
loss will not have any subsequent thrombotic sequelae or develop autoimmune
disease.

On the basis of both clinical and laboratory experience over a 20-year period,
it does not seem reasonable to include this group of women, whose only clinical
manifestation of APS is recurrent early pregnancy loss, under the same umbrella
syndrome as those with catastrophic or recurrent venous or arterial thrombosis, the
subsequent requirement for lifelong anticoagulation, and the longterm emotional and
financial burden of diagnosis with an uninsurable condition. Two options are
therefore proposed to accommodate these findings: either (1) the creation of a new
subset of transient APS to include clinical and laboratory classification criteria for
women with recurrent pregnancy loss that more appropriately reflects the limited
nature and more positive prognosis of their clinical condition or (2) the removal of
early recurrent pregnancy loss altogether from the classification criteria of APS. The
transient nature of the symptoms and the weak association if any of aPL with the

clinical condition indicate the need for this new paradigm for APS.



Introduction

This context statement describes research concerning the prevalence of
antiphospholipid antibodies (aPL) in patients with recurrent pregnancy loss, whether
with antiphospholipid syndrome (APS), with systemic lupus erythematosus (SLE), or
with no co-morbidity. APS, first proposed as a distinct pathological disorder in 1983,
is a heterogeneous condition that requires fulfillment of both clinical and laboratory
criteria for classification. Definition of the measures by which those criteria are met
has been the focus of many studies over the intervening 20 years. Lack of
standardization of both laboratory and clinical parameters continues to be a source
of contention and has lead to potential over-diagnosis of this condition and confusion
surrounding its associated symptoms and sequelae.

My research has involved the development of assay systems for the detection
of various aPL and their distribution among women with a variety of clinical
conditions. Presence of aPL has been an inclusion criterion for prospective,
controlled, randomized trials as well as for many observational, retrospective, and
longterm followup trials. These studies were designed to measure treatment efficacy
or observe the correlation between presence of aPL and adverse obstetric outcome
and the results have been consistent. However, the findings from these many
studies do not support the contention that aPL are related in a causative manner to
the clinical criteria, particularly to early recurrent pregnancy loss, in APS.

The works highlighted cited in this context statement (including original
research papers, editorials, reviews, book chapters and abstracts presented at
national and international meetings) had a team of authors and my personal

contribution to each requires explanation. | conceptualized and designed 5 of the
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studies, performed the laboratory investigations, collection and collation of data,
statistical analyses, data interpretation and principal authorship of the manuscripts
(Soloninka et al, 1995; Clark et al, 2002, 2003, 2004, 2005). | was a co-author of 2
editorials that first raised and later reiterated the controversial nature of anti-
cardiolipin antibodies and recurrent pregnancy loss (Laskin and Soloninka, 1988:
Clark, et al, 2001). For 2 randomized, controlled clinical trials (Laskin et al, 1997,
2009) | performed the immunological testing and contributed to the interpretation of
data originally collated by the study’s data management firm. | was a principal co-
author of both papers, not only co-writing the submitted manuscript, but also editing
the final manuscript to address reviewers’ concerns. | performed the laboratory
analysis, collated and analyzed the data, interpreted the results and either wrote the
manuscripts or prepared the presentations for most of the conference abstracts. Co-
author statements of my individual contribution to the research are provided in
Appendix 2.

This context statement begins with a review of the APS literature over the
past 25 years presented in a chronological manner. Points of contention that have
arisen and attempts to reach consensus are reviewed. A brief summary of
unresolved issues and a proposal for their resolution follows the literature review.
The works cited in support of this proposal are presented in Chapters 3 and 4,
divided into serological and clinical contributions to knowledge. The context
statement concludes with a discussion (Chapter 5) that synthesizes the findings into

concise points.



Chapter 1. Literature Review

Systemic lupus erythematosus (SLE) is a non-organ specific, multi-systemic
autoimmune disease of unknown etiology with numerous immunological and clinical
manifestations. Frequent signs and symptoms of SLE include photosensitivity,
arthritis, leucopenia and glomerulonephritis, usually accompanied by circulating
autoantibodies. The increased frequency of women with SLE is attributed to an
estrogen hormonal effect which accounts for the differing female-to-male ratio in
various age groups: 3:1 in children, between 7-15:1 in adults, and 8:1 in older
patients’. SLE has traditionally been described as a condition associated with poor
pregnancy outcome, although Improvements in disease management and perinatal
monitoring have resulted in a significant decrease in pregnancy loss in SLE over the
last 40 years and a trend toward decreased preterm deliveries over the last 20

years?,

Historical Perspective

In the early 1950s, it was noted that about 10-20% of patients with SLE had a
biological false positive result for syphilis (BFP-STS)®. For about 20 years, a chronic
BFP-STS (lasting longer than 6 months) was included in the serological diagnostic
criteria for SLE. It was determined in the 1980s by Harris et al, that one of the
constituent phospholipids used in the syphilis test, cardiolipin, a negatively charged
molecule, was the antigen responsible for the false positive results frequently seen in
patients with SLE*. Subsequent development of a radioimmunoassay, and later an
enzyme-linked immunosorbent assay (ELISA) enabled specific detection of

anticardiolipin antibodies. In 1983, Hughes et al proposed a novel, pathological
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disorder, distinct from SLE, the anti-phospholipid syndrome (APS)°.

Classification Criteria for the Antiphospholipid Syndrome
APS has evolved over 25 years into a condition with a diverse spectrum of clinical
associations but when first described, there was a limited set of clinical and
laboratory classification criteria. These have been modified somewhat over the years
(Sapporo Criteria, 1999°; Sydney Criteria, 2006’, Table 1), but still require evidence
of both one or more specific, documented clinical events and the confirmed presence
of an antiphospholipid antibody (aPL). Clinical criteria comprise either an episode of
vascular thrombosis and/or adverse pregnancy outcome including late pregnancy
loss or recurrent early pregnancy loss. The laboratory criteria initially required the
presence of either a lupus anticoagulant and/or anticardiolipin antibodies on at least
2 occasions not less than 6 weeks apart. This has been subsequently modified to
include any one or more of the following: presence of anti-B2 glycoprotein IgG or IgM
antibodies (B2GPI), moderate to high titre anticardiolipin IgG or IgM, and/or the lupus
anticoagulant, demonstrated on at least 2 occasions, not less than 12 weeks apart.
The initial Sapporo classification criteria for APS (Table 1) were replaced in 2006 by
the Sydney criteria (Table 1), each representative of the location of the meeting at
which the criteria were defined. The clinical obstetric portion of the Sydney criteria
expanded on Sapporo criteria to include placental insufficiency as a classification
criterion in addition to eclampsia and pre-eclampsia.

There are 3 distinct APS disease entities: primary (the absence of any
comorbidity), secondary (when there is a pre-existing autoimmune condition, most
frequently SLE), and catastrophic (when there is simultaneous multi-organ failure

with small vessel occlusion).
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Etiology of APS

The mechanism(s) causing the production of aPL remain unknown. However, like
other autoimmune diseases, APS is considered to derive from a combination of
environmental (infectious agents, trauma, and drugs) and genetic factors. In 1998,
Gharavi and colleagues hypothesized that viral infection was capable of inducing
“pathogenic” aPL. They reported that mice immunized with foreign p2GP1 developed
spinal cord infarction that resulted in intrauterine fetal death and transverse
myelopathy®. It was noted by a number of investigators that the detection of aPL
were associated in humans with a number of viral infections including but not limited
to hepatitis C, human immunodeficiency virus, cytomegalovirus, varicella zoster,
Epstein-Barr virus, adenovirus, and parvovirus B19°. Five years later it was
hypothesized after further studies with cytomegalovirus in mice that a limited number
of aPL induced by various bacterial and viral products would be pathogenic in
predisposed individuals. It was postulated that identification of these bacterial and/or
viral agents might indicate strategies for the prevention of production of pathogenic

aPL or that they might be useful for the induction of tolerance against aPL"°.

Other investigators have proposed molecular mimicry as one aspect of the
multifactoral etiologies of APS. Harel ef al reviewed the animal models that have
shown a link between infection and APS'". Mice immunized with various pathogenic
agents have developed clinical or laboratory evidence of APS-like disease. It has
been established that epitopes of 2GP1 share similarities with common infectious
pathogens and anti-B2GP1 titres were found to be particularly high after mice were

injected with Haemophilus influenzae, Neisseria gonorrheae in addition to
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immunogens such as tetanus toxoid.

It is evident that although aPL have been associated with many infections in
humans, only in a few cases do these antibodies have any pathogenic potential. In
fact anticardiolipin antibodies have become referred to as either “infectious” (usually

the IgM isotype) or “autoimmune”?

although this distinction may not be absolute.
The debate regarding the pathogenesis of aPL (and the evolution, therefore, of APS)
is a continuing one, with some indicating their support for the concept that aPL
initially play a key and beneficial role in the innate immune response and are only
pathogenic among genetically susceptible individuals as a result of adverse
intravascular events'®. Others feel that aPL, produced perhaps as a result of
molecular mimicry, are immediately pathogenic because in about one third of cases,

there is a clear association with a predisposing infection immediately prior to the

onset of catastrophic APS',

Molecular Pathogenesis of aPL

Early concepts in the pathogenesis of aPL included the possibility that aPL inhibits
prostacyclin generation by epithelial cells or that they had procoagulant activity'®6. It
was hypothesized that aPL affected the balance between the procoagulant and
anticoagulant states by interacting with the protein C system and prothrombin for
example, resulting in thrombin generation®’. Using an animal model of thrombosis,
Pierangeli et al showed that human polyclonal and monoclonal aPL, derived from a
patient with APS, reversibly enhanced thrombus formation in mice'®. However, it was
apparent that there was no single mechanism linking the presence of aPL and the

development of thrombosis despite numerous investigations (Table 2)'*"°. Rand*®
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postulated 3 possible scenarios: that (1) the primary pathogenic process might be
the exposure of highly thrombogenic anionic phospholipids through some other
process and that aPL could be the result of an autoimmune response to those
anionic phospholipids in susceptible individuals; that (2) aPL might both cause and
react to the exposure of the anionic phospholipids by initiating a thrombotic event
thus exposing anionic phospholipids which in turn provoke an autoimmune response
resulting in the production of more aPL which in susceptible hosts have additional
thrombogenic properties and promote a vicious circle; or finally (3) that aPL may be
simply an epiphenomenon or marker not directly involved in cause and effect
mechanisms of the pathogenesis of APS. He also presented a new hypothesis
involving aPL in the displacement of circulating annexin V, a phospholipid binding

protein with thromboregulatory activity.

By 1998, B2GP1 had been identified as the target antigen for aPL and the essential
cofactor for binding of anti-cardiolipin antibodies®. Still their role in thrombin
formation remained unclear although by this time, molecular biologists and
pharmaceutical neurologists had joined immunologists, hematologists,
rheumatologists and obstetricians in attempting to understand the pathology of
APS?. A number of potential thrombogenic roles for aPL were proposed in addition
to the annexin V theory including inhibition of fibrinolytic and activated protein C

21,22

activity and binding to antigens on endothelial and trophoblast cell surfaces?®.

Although some provided insights into the relationship between aPL and fetal loss,

13



Table 2. Mechanisms proposed for the pathogenesis of APS. (Reproduced from Rand JH.
Molecular pathogenesis of the antiphospholipid syndrome. Circ Res 2002;90:29-37 by
kind permission; license # 229311060531.)

| Interference with a phospholipid- or other polyanionic-dependent antithrombotic
mechanism

Exposure of anionic phospholipid through disruption of the annexin-V shield
Interferences with protein C pathway
aPL binding to proteins C and S
Inhibition of activation of protein C
Acquired activated protein C resistance
Inhibition of tissue factor pathway inhibitor
Impairment of phospholipid-mediated autoactivation of factor Xl and reduced
| fibrinolysis
‘ Inhibition of heparin-antithrombin-1ll complexes
Promotion of tissue factor exposure/synthesis
Induction of tissue factor expression on monocytes and on endothelial cells
Vascular injury/stimulation of apoptosis
Injury to endothelium
Induction of apoptosis on vascular cells
Release of membrane-bound microparticles
Promotion of cellular adhesion to vascular surfaces
Induction of receptors for cell adhesion molecules on endothelium
Stimulation of platelet function
Platelet activation
Release of membrane-bound microparticles
1 Others
: Antibody-mediated alteration of eicosanoid synthesis
Increase of endothelin-1
| Cross-reactivity to oxidized LDL
Increase of plasminogen activator inhibitor-I

14




very few satisfactorily explained the link with thrombosis®*.

In 2004, Salmon and Girardi proposed complement activation as a central
mechanism in aPL-induced pregnancy loss and placental infarction based upon
observations after passive transfer of human aPL into pregnant mice?®. They
acknowledged that the cause of tissue damage due to aPL was likely multifactoral,
but proposed complement activation as an absolute requirement for the most serious
phenotypic outcomes. However, others reported that placental infarction was
conspicuously absent from the placentas of aPL-infused mice, and that
anticoagulation therapy with heparinoids or the selective thrombin inhibitor hirudin
did not prevent fetal loss in mice®. Indeed, Girardi et a/ also reported that heparin
was effective in preventing aPL-induced fetal loss because of its inhibition of

complement activity, not because of its anticoagulant activity?” in mice.

Despite a number of putative mechanisms proposed (Table 2), the intervening 5
years have not provided any additional significant insights and the collective data still
do not show any conclusive evidence for a direct causal relationship between aPL
and thrombosis or pregnancy losses in humans. In agreement with Weiler's
comments in 2008%°, Rand in 1998 and 2002%, and Shoenfeld in 2003%° discussed
the possibility that aPL may be more of a complicating epiphenomenon rather than
the causative pathogenic mechanism of the disease process in APS. Others have
reported that there is evidence that aPL may be necessary but are not sufficient to
trigger some of the manifestations of the syndrome. The most recent proposition is
that “second hits”, including infectious agents, smoking, oral contraception, diet and

lifestyle, are the necessary triggers for the production not only of cross-reacting aPL
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but also of an inflammatory response that potentiates thrombogenesis in genetically

susceptible individuals®®®'.

Laboratory Evaluation of APS

In 1985, shortly after APS was first described, the identification of anticardiolipin
antibodies by radioimmunoassay appeared to be reliable, sensitive and specific®.
Solid phase ELISAs were developed for both IgG and IgM isotypes , as well as
functional assays for the detection of the lupus anticoagulant32. By the early 1990s, it
had become apparent that there were a considerable number of issues to be
resolved concerning the detection of aPL from the most basic methodology (correct
selection of microtitre plate to ensure appropriate epitope presentation®) to the
identification of a plasma or serum cofactor (32GP1) necessary for anticardiolipin
binding to occur*®?*. In addition to the methodological issues, standardization of
anticardiolipin and lupus anticoagulant detection and the variable sensitivity and
specificity of modes of detection both within and between laboratories, became a

focal point of aPL investigation®®*".

There are still controversial issues surrounding methodology for aPL measurement
although there has been clarification of some points: IgA isotypes of both
anticardiolipin and anti-B2GP1 antibodies have been largely dismissed as
insignificant with regards to APS®. It is well established that co-factor (32-GP!)-
independent IgM anticardiolipin antibodies are frequently detectable after a variety of

39,40

viral infections so their presence when screening potential patients for APS must

be regarded with a degree of skepticism. The updated Sydney classification criteria
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for APS attempted to account for the infection-related spike in anticardiolipin IgM
production by requiring a repeated measurement not less than 12 weeks after the
first positive test rather than the initial 6 week provision for confirmation (Table 1,
p.10). The new criteria also included anti-32GP1 IgG and IgM antibodies although
their utility in classifying patients with APS has yet to be fully accepted*'**. However,
the new criteria dropped the requirement for anticardiolipin antibodies to be
measured using a B2GPI-dependent ELISA, thereby greatly reducing the specificity
of the assay and enabling the potential misclassification with APS of patients with

infection-related (non-p2GP1-dependant) anticardiolipin antibodies** .

With regard to assay standardization, the majority of laboratories use commercial
kits to detect the presence of anticardiolipin antibodies, and there is a continuing lack
of consensus regarding the source, integrity, and necessity of the f2GP1 cofactor,
the use of monoclonal antibodies as reference calibrators, and the use of
recommended cut-off values by manufacturers compared to those derived by each
independent laboratory®. These issues of standardization culminated in 2008 with
publication of representative papers entitled “Is standardization an impossible
dream?”!, “A quarter of a century in anticardiolipin testing and attempted
standardization has led us to here, which is?"*? and “A potpourri of problems, a
compilation of possible solutions™*. Because of a dearth of good quality published
evidence, existing guidelines were formulated based upon the expert (and therefore
inherently subjective) recommendations and personal preferences of the most
influential investigators in the field, not by a consensus approach. The guidelines
have, as a result, been criticized for being “eminence rather than evidence-based™®

which has limited the clinical utility of aPL testing and unfortunately undermines the
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validity of the laboratory portion of the classification criteria.

Obstetric APS

Adverse pregnancy outcome is one of the clinical classification criteria for APS
(Table 1): > 3 consecutive early losses (< 10 weeks’ gestation); = one loss at or after
10 weeks’ gestation; one or more preterm deliveries (before 34 weeks’ gestation)
accompanied by eclampsia or pre-eclampsia; evidence of placental insufficiency,
usually recognized by intrauterine growth restriction (IUGR) resulting in a fetus with
low weight for its gestational age. There have been numerous studies reporting the
presence of aPL in recurrent pregnancy loss (RPL)*"%" . There is no consensus
regarding the prevalence of aPL associated with this condition. This may be due to
the lack of assay standardization described above in addition to the considerable
variation in patients selected for pregnancy-loss treatment trials: some trials have
included women with both early and late losses, some specifically excluded women
with a history of thrombosis, and some accepted women with anticardiolipin IgM

antibodies but excluded those with the lupus anticoagulant*’,

Three early trials evaluated the treatment efficacy of immunosuppression,
specifically prednisone, and aspirin for recurrent pregnancy loss with aPL%*%_ it was
concluded that prednisone did not confer additional benefit over aspirin alone and
that it may have been associated with the higher rate of premature births seen in
each trial. As a result, treatment with prednisone for recurrent pregnancy loss has
become contraindicated. Subsequently, a number of randomized controlled trials

evaluated the efficacy of either unfractionated or low molecular weight heparin for
18



patients with recurrent pregnancy loss and aPL. Each established its own aPL
inclusion criteria (which aPL to measure and cutoffs for each) and intuitively, these
study design variations might be expected to have resulted in differential outcomes.
However, the live birth rates, whether in the unfractionated or low molecular weight
heparin treatment groups, and regardless of the aPL status, are similar, ranging from
71.1% to 80%, with a weighted mean of 77.0%. Despite the observation that
specificity and titre of aPL appears to be unrelated to treatment effect, a regimen of
low molecular weight heparin and aspirin throughout pregnancy for aPL-positive

women with a history of recurrent pregnancy loss has become entrenched®.

It is interesting to note that some investigators consider the association of aPL and
recurrent pregnancy loss historically well-established® perhaps because it was
initially observed in connection with the high rates of biologically false positive
syphilis tests and increased rates of fetal loss in patients with SLE in the 1950s.
Technical advances enabled the development of assays for specific phospholipids
including the lupus anticoagulant and anti-B2GP1 and anticardiolipin antibodies. In
women with otherwise unexplained recurrent pregnancy loss, approximately 15-20%
have an aPL%%. A meta analysis in 2006% observed that the magnitude of
association between aPL and recurrent pregnancy loss in women without SLE varies
and depends upon type of aPL measured. Even among the studies included in the
meta analysis (25 of an initially retrieved 128 published studies), the authors noted
poor standardization of assays, inclusion of women with other causes of recurrent
pregnancy loss, inconsistent selection of controls, variability of aPL antibody or
isotype tested, and variable definition of recurrent pregnancy loss, (including number

and timing of losses). No association was found between pregnancy loss and anti-
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B2GP1 antibodies, while there was an association with the lupus anticoagulant and
recurrent pregnancy loss. The association between recurrent pregnancy loss and
anticardiolipin IgG and IgM anticardiolipin antibodies appeared variable and
depended upon the titre and timing of loss. The authors reiterated that prospective
human data on the relationship between aPL and recurrent pregnancy loss are still
lacking and that the pathophysiology of their role in uteroplacental insufficiency

remains incompletely understood.

Longterm Prognosis

Vascular thrombosis and either late or recurrent early pregnancy loss constitute the
clinical criteria for APS. Pregnancy loss is necessarily limited to women of child-
bearing age, and it has been a debate regarding the longterm sequelae of recurrent
losses: do the losses presage a lifelong coagulation disorder manifested by
thrombotic episodes, does APS evolve into SLE, or are the pregnancy losses the
only clinical manifestation of APS the women will experience regardless of their aPL
status? While there are a number of studies that have assessed the need for
longterm anticoagulation for patients who initially present with thrombosis®, it was
noted in a 5-year followup of 1000 patients with APS that no clinical or immunologic
predictor of thrombotic events, pregnancy morbidity or mortality was detectable®”.
With regards to whether APS evolves in SLE, one study followed 128 patients with
APS over a mean of 9 years and confirmed that progression from primary APS to
SLE or lupus-like disease is unusual, even after a long followup®®. A review of the
literature reported that between 4-10% of cases of primary APS developed into

complete SLE. A longterm followup study of 98 asymptomatic individuals with aPL
20



found no increased incidence of thrombosis, even in a placebo-treated group69.

Five studies have reported on thrombosis rates after initial presentation with
recurrent pregnancy loss. The earliest study (1994)"° reported that 34/150 women
had a thrombotic event within 3 years: 8 occurred in association with pregnancy, and
8 occurred while the patient was receiving anticoagulant therapy. A second study of
65 patients followed over a mean of 8 years also reported a high rate of thrombosis
in APS patients who presented only with pregnancy loss’’. However others reported
that they had not found a high incidence rate (2 patients with strokes, both taking
aspirin at the time) in a 5-year followup study of 59 patients in contrast to the earlier
findings’?. Two studies, one in 2005 following 141 women with a history of recurrent
pregnancy loss over a mean of 7.2 years’ and another following 52 women with the
same history over a mean of 17 years’ found low incidence of thrombosis
regardless of whether or not they were positive for aPL. [t is evident from these
disparate findings that the incidence of thrombosis subsequent to recurrent
pregnancy loss is controversial at best, appears unrelated to the presence of aPL, is
independent of concurrent anticoagulation therapy, and unpredictable as no one has

yet been able to identify any clinical or immunologic risk factors.
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Chapter 2. Issues and Proposal

Controversy

Upon reviewing the literature from the past 25 years, it is apparent that the
classification of APS, its etiology, pathogenesis, and prognosis all remain somewhat
undefined. Thousands of papers have been published in this area and yet many
aspects describing this syndrome seem to defy clarification. For many of the issues,
there appear to be numerous papers that either support or dispute earlier findings
regarding presence or absence of aPL-associated cause and clinical effect and
treatment efficacy but no conclusive proof. This is especially true with regards to

APS-related pregnancy morbidity.

While acknowledging incomplete understanding of the pathogenesis of tissue injury
and fetal loss in APS, some investigators, using murine models, have proposed a
mechanism of complement-mediated inflammation involving platelet and endothelial
cell activation while others have postulated procoagulant effects of aPL acting
directly on clotting pathway components'>?. Despite these hypotheses, however,
and although aPL are an essential element of the classification criteria, evidence in

support of their pathogenicity in humans remains equivocal.

The well-described hypercoagulability of pregnancy may well account for the
observed increase in antenatal and postnatal thrombosis in pregnancy and may be
distinct from the prevalence of aPL that may indeed be simply an epiphenomenon?.
This hypercoagulability probably evolved to prevent life-threatening loss of blood

either in the event of a miscarriage or during labour and delivery.
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A number of randomized clinical trials have found no benefit with anticoagulant
therapy or any variation in treatment efficacy correlated to variable aPL types and
titres (Table 3). There appears to be no increased rate of post-partum thrombosis
when comparing women with and without aPL"®. In addition, longterm followup
studies®® 7% have shown that the vast majority of women with recurrent pregnancy
loss and aPL will not have any subsequent thrombotic sequelae or develop

autoimmune disease’>"®

even as long as 20 years after initial presentation’.

It has been observed that when aPL are present, there is an increased likelihood of
an exacerbation of symptoms of SLE’""® including an increased risk of thrombosis
and recurrent pregnancy loss. However, in contrast, and importantly, patients with
primary APS (with no underlying SLE), particularly when aPL are present only with
early recurrent pregnancy loss and not thrombotic manifestations, often have a more

benign prognosis and no apparent longterm sequelae’®*.

Standard of practice for women with obstetric manifestations of APS (ie recurrent
early loss, still birth, or premature delivery of an infant with evidence of placental
insufficiency manifested by intrauterine growth restriction) usually receive
anticoagulation during pregnancy and immediately post partum because the risk of
thrombosis is naturally higher immediately after delivery®. If a thromboembolic event
occurs, anticoagulation may be continued indefinitely. The treatment regimen does
not differ for patients with recurrent thromboembolism regardless of the presence or

absence of aPL.%7576.80.81
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Many patients with a long history of thrombotic events or recurrent pregnancy loss, in
the absence of comorbidities like SLE, are either negative for or have fluctuating
levels of aPL’’. It was reported that history of atrial fibrillation, congestive heart
failure and valvular heart disease was found to be associated with significantly
higher levels of anticardiolipin IgG but it was observed that the increases in
immunoreactivity were a function, in a dose-dependent manner, of the number of
cerebrovascular risk factors also present®. The authors therefore cautioned against
over-diagnosis with APS and the consequent changes in management among
patients with multiple risk factors. In addition, aPL are found in patients with
malignancies, in the normal population, and in patients after infections, but without
any association with any of the clinical conditions included in the classification
criteria for APS 88 |t has been proposed that the figure of “1 in 5 is a useful
guide”®: 1 in 5 patients with recurrent pregnancy loss have aPL and 1 in 5 patients
with deep vein thrombosis have aPL. The corollary to this is that 4 out of 5 patients
with recurrent pregnancy loss do not have aPL; neither do 4 out of 5 patients with
deep vein thrombosis. It is evident, therefore, that the presence of aPL is neither
necessary nor sufficient for the development of either vascular thrombosis or

recurrent pregnancy loss.

Summary of controversial issues:
e The vast majority of women with early recurrent pregnancy loss are negative

for aPL.
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e The vast majority of patients with early recurrent pregnancy loss who are
repeatedly positive for aPL never experience any of the non-pregnancy-
related clinical conditions included in the classification criteria for APS.

* aPL are neither necessary nor sufficient for the development of early

recurrent pregnancy loss.

Proposal

Classification with APS carries the burden of significant longterm health and financial
implications because of (1) the influence of classification on subsequent disease
management; (2) because of its designation by insurance companies as an

uninsurable condition®-%8

and (3) because once classified with this disorder, there
are no mechanisms for reversal of the classification despite the potential for absence
of recurrent clinical events in many APS patients later in life. It follows, therefore, that

classification criteria should be as specific and sensitive as possible.

As Branch stated in 1998, “It is very unlikely that patients with such disparate clinical
and laboratory findings have the same autoimmune syndrome” %2, After contributing
our evidence to the ongoing debate surrounding APS and considering our consistent
findings, it is difficult to rationalize the continued inclusion of a group of aPL-positive
women, whose only clinical manifestation of APS is recurrent early pregnancy loss,
under the same umbrella syndrome as those with catastrophic venous or arterial
thrombosis and the subsequent requirement for lifelong anticoagulation. Indeed, as
will be shown, the findings from our published works illustrate the transient nature of
the clinical manifestations and the weak association, if any, of aPL with recurrent

pregnancy loss, indicating the need for a new paradigm for APS. It is proposed,
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therefore, that either (1) a new subset of APS should be defined that includes clinical
and laboratory classification criteria for women with recurrent pregnancy loss and
more appropriately reflects the limited nature and more positive prognosis of their

clinical condition or (2) early recurrent pregnancy loss should be withdrawn from the

classification criteria of APS.
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Chapter 3. Contribution to Knowledge

Serological Studies

Methodology

The first classification criteria for APS® specified a requirement for medium or high
titre anticardiolipin antibodies measured using a standardized, cofactor-dependant
assay on 2 occasions, not less than 6 weeks apart. However, these criteria were not
published until 1999, more than 15 years after APS had first been proposed as a
recognizable and distinct syndrome. For the first decade or so of research in this
area, therefore, the measurement of anticardiolipin antibodies was highly variable in

methodology, interpretation, and application of results.

Concerns over this lack of standardization were reported in an editorial *® . While it
was well understood that the lupus anticoagulant was associated with the high rates
of fetal loss seen in many patients with SLE, it appeared that an equally strong
association was being assumed with regard to anticardiolipin antibodies and
recurrent fetal loss, even when not in the context of SLE®*%2. The prevalence of
anticardiolipin antibodies reported in patients with SLE® (61%) was much higher than
in women with idiopathic recurrent pregnancy losses (11%)%. Despite studies that

did not find an association®%

, a significant association between anticardiolipin and
recurrent losses was becoming accepted®®® . Our editorial proposed caution based
on those contradictory reports. We also based our cautionary approach on our own

(at that point) unpublished findings that anticardiolipin antibodies were also present

in a sample of healthy pregnant patients and on our belief that the disparate results
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in the literature were in large part due to variable methodologies for assessing the

presence of anticardiolipin antibodies.

In an effort to improve the detection of anticardiolipin antibodies, address concerns
regarding methodologies, and clarify their prevalence among women with fetal
losses, we developed a novel, specific, enzyme-linked immunosorbent assay
replacing the evaporation of soluble cardiolipin as the antigen binding step with
cardiolipin micelles prepared by sonication, suspended in physiological saline®’. We
evaluated not only different preparations of cardiolipin, but also the use of different
washing solutions (with and without the detergent Tween 20%), different enzyme
conjugates (urease, horseradish peroxidase, and alkaline phosphatase), and
different blocking agents (fetal bovine serum, horse serum and normal human
serum). The specificity of the ELISA was determined by pre-incubation of control
positive and negative sera not only with serial dilutions of cardiolipin, but also with
dilutions of other phospholipids (phosphatidyl serine, phosphatyidylinositol, and
phosphatidic acid) as well as irrelevant antigens (double-stranded DNA and
ovalbumin)®®°. The most sensitive assay system included the use of protamine
sulphate-precoated, polystyrene flat-bottom microtitre plates, cardiolipin micelles,

horse serum in the diluent, and urease conjugated rabbit- anti-human IgG and IgM.

Distribution of Anticardiolipin Antibodies

Once we had established a reliable and specific assay system, we measured
anticardiolipin IgG and IgM in the following groups: non-pregnant controls, healthy

pregnant women, and women with a history of recurrent pregnancy loss. The issue
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of determining appropriate cut-off levels for an upper limit of normal continues to be
controversial with anticardiolipin assays*?. We supported the early observation that
normal values are positively skewed and that ideally, non-parametric analyses
should be used to establish confidence intervals. Using ROC (receiver operator
characteristics) graphs comparing results from healthy, non-pregnant women and
women with a history of recurrent pregnancy loss to determine the cutoff levels for
each isotype that minimized false positive and negative results, we identified a titre
that distinguished between IgG levels in controls and women with recurrent
pregnancy loss, but found that the frequency of anticardiolipin IgM was not
significantly different in healthy pregnant women and those with a history of recurrent
pregnancy loss. Because of the relative non-specific distribution we observed and its
acknowledged association with viral infection, we concluded by cautioning against
basing any clinical decisions on the presence of this antibody alone particularly as a
criterion for therapeutic intervention. We also investigated the presence of
anticardiolipin IgA and found that it was rarely found and of no diagnostic value for

women with recurrent pregnancy loss'® confirming previous findings'®"102,

Next we evaluated 1185 women for a number of autoantibodies including

anticardiolipin 1gG®5*

: 700 had a history of recurrent fetal loss and were being
screened for participation in a randomized controlled clinical trial®® and 485 were
healthy controls. Several different assay systems, including our in-house assay and
2 commercial kits, were used to determine the prevalence of anticardiolipin 1gG. We
also carried out a detailed literature review to place our findings in context. We found

anticardiolipin IgG in 3.9% of women with recurrent loss. We surveyed 185

publications and selected for inclusion only those which reported appropriately
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standardized anticardiolipin 1gG levels in women with similarly stringently
investigated unexplained recurrent pregnancy loss. We identified 14 additional
papers resulting in a total sample of 2702 women. The sample sizes in the different
studies ranged from 35 to 700 (ours) and 147/2702 (5.4%) were positive for
anticardiolipin 1gG. These findings supported our earlier observations: that this
antibody was not found frequently in this population and therefore probably not

strongly associated with recurrent pregnancy loss.

Anticardiolipin Antibodies in Parvovirus B19 Infection

As part of a different research project'®, sera from 91 patients with either acute,
convalescent, or no parvovirus B19 infection were assayed for the presence of
anticardiolipin IgG*°. Patients with acute B19 infection were positive for
anticardiolipin 1gG significantly more frequently than those with either convalescent
or no B19 infection. Our findings contributed to the understanding, initially observed

with human immunodeficiency virus (HIV)'®

in the late 1980s, that many viral
infections are associated with transient anticardiolipin antibody production outside
the context of APS'. Levels of anti-B19 positivity were not correlated with levels of
anticardiolipin IgG, indicating that the anticardiolipin antibodies were not merely a
result of polyclonal B-cell activation, but a specific response to parvovirus infection.
However, the decrease in anticardiolipin antibody prevalence in convalescent sera
supported the contention that they were transient and unrelated to any aPL-related
clinical manifestations including thrombosis or recurrent pregnancy loss. This was

one of the earliest reports of anticardiolipin antibodies during parvovirus B19

infection.
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Serologic Investigation for Recurrent Pregnancy Loss

Women with a history of recurrent pregnancy loss undergo a number of
investigations to exclude the following etiological factors for their adverse obstetric
outcomes: anatomic (sonohystogram), hormonal (timed endometrial biopsy), and
genetic (karyotype analysis of both partners). Those found with an abnormality are
referred for appropriate treatment or counselling. The remaining patients are
screened, at our clinic, for a number of immunologic and coagulation abnormalities.
We evaluated 783 women with otherwise unexplained recurrent pregnancy loss who
were being screened for participation in a randomized clinical trial. We found that
21.2% had a lupus anticoagulant (LAC), whereas only 3.9% were positive for
anticardiolipin IgG®", consistent with our earlier observations that the LAC is more
prevalent among this population than anticardiolipin antibodies. We also noted that
24% had an autoantibody other than an aPL although none had any clinical
manifestation of a connective tissue disease. These results supported the contention
that it is not sufficient to screen women with a history of recurrent pregnancy loss
only for aPL (anticardiolipin or LAC) as there may be other autoimmune or
inflammatory processes in play that may contribute to an adverse obstetric outcome.
In addition, it was important to note that more than 50% of women with recurrent
pregnancy loss had no detectable anatomic, hormonal, genetic, immunologic or

coagulation abnormality and whose losses could therefore be termed idiopathic.

We also investigated the prevalence and specificity of anticardiolipin and anti-p2GP1

antibodies, comparing patients with recurrent pregnancy loss (n = 84), those
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classified with APS with pregnancy loss only (n = 30), and those with APS with
thrombosis (n = 13). Both anticardiolipin and anti-B2GP1 antibodies were far more
frequently found in APS patients with a history of thrombosis than in either of the
other patient groups'%, indicating that they are probably better markers of
hypercoagulability than of pregnancy loss. The number of patients with a history of
thrombosis in this study was small but the comparator groups with a history of
recurrent pregnancy loss were much larger, so although the positive association with
thrombosis might not have represented more than a trend requiring confirmation with
a larger study, the lack of association seen with the pregnancy loss groups (n = 114)

was statistically reliable.

A subsequent investigation of 133 consecutive patients with SLE found that the anti-
B2GP1 antibodies (measured by a commercial ELISA kit) were frequently present
(35-40% of the population was positive for at least one isotype)*®. However, anti-
B2GP1 antibodies did not discriminate between SLE patients with or without APS, or
between those with and without a history of either thrombosis or recurrent pregnancy
loss. We did find that the combined presence of anticardiolipin antibodies, the LAC
and anti-B2GP1 antibodies was strongly associated with a history or thrombosis
and/or recurrent pregnancy; however, this was seen in only a small minority of
patients (8/133) and the number was too small to reach any statistical significance.
We concluded that anti-B2GP1 antibodies do not supercede other established
assays in identifying patients with clinical features of either SLE or APS. A review of
the literature revealed that secondary diagnoses and laboratory methodologies were

too variable to permit valid comparisons of results and we were therefore unable to
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draw any conclusions regarding anti-32GP1 antibodies and clinical features of
secondary APS in SLE. Bertolaccini et al subsequently confirmed that anti-p2GP1

antibodies did not add to the recognition of APS in SLE'02,

Titres and Upper Limits of Normal

It was becoming increasingly evident by the early 2000s that the association of
anticardiolipin antibodies and recurrent pregnancy loss was tenuous especially at
low antibody titres. Despite the Sapporo classification criteria for APS® specifying
moderate to high titres (> 40 GPL or MPL or > 99 percentile), many investigators
were including women with much lower levels of anticardiolipin in their trials (Table
3). We decided to investigate the distribution of anticardiolipin IgG titres among
patients attending our SLE and recurrent pregnancy loss clinics. Instead of selecting
patients on the basis of their diagnosis and observing their anticardiolipin titres, we
selected 280 consecutive sera from our serum bank: 140 positive for anticardiolipin
IgG (> 15.0 GPL, IgG anticardiolipin units) and 140 negative (< 15.0 GPL) and then
retrospectively reviewed the patients’ charts to determine their respective
diagnoses'®. Sera were distributed among the diagnostic groups as follows:
recurrent pregnancy loss only: 144/280; SLE: 83/280; and APS (defined for the
purposes of this study as having a history of thrombosis to differentiate them from
women with obstetric manifestations only): 53/280 (Table 4). There were no women
in the recurrent pregnancy loss group with anticardiolipin levels above 32 GPL. Of
the 42 (29.9%) women who were positive, 85.7% had levels below 20 GPL. In

comparison, 48/53 (90.6%) of APS patients and 50/83 (60.2%) of SLE patients were
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Table 4. Distribution of anticardiolipin titres among women with recurrent

pregnancy loss (RPL), those classified with systemic lupus erythematosus (SLE)

and patients with antiphospholipid syndrome (APS) diagnosed by a clinical
history of thrombosis'®. None of the patients with RPL had an aCL IgG level >
32 GPL in contrast to 45.3% of patients with APS.

Anticardiolipin 1gG

RPL
144 (%)

SLE
83 (%)

APS
n = 53 (%)

> 15.0 (positive)

42 (29.2)

50 (60.2)

48 (90.6)

=

13 (24.5)

> 32

0

12 (14.4)

24 (453)
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positive. Titres were significantly higher in APS patients compared to both recurrent

pregnancy loss and SLE patients (p < 0.001 and p = 0.04 respectively).

At that time (2004) the APS classification criteria® did not quantitatively define what
constituted a “moderate” or "high” value for anticardiolipin antibodies. However, by
20086, the updated criteria’ specified 40 GPL and MPL (or the 99" percentile) as the
lower limits of a moderate result, a value with which we concur as we found that at
32 GPL, anticardiolipin antibodies as measured in our laboratory had a positive
predictive value of 96.2% for APS (with thrombosis) versus recurrent pregnancy loss.
Prior to this update, women with 3 or more early pregnancy losses (but no history of
thrombosis) and an anticardiolipin level lower than 40 GPL, fulfilled the earlier
inclusion criteria, and were therefore classified with APS. We found few of our
recurrent pregnancy loss patients to be positive for anticardiolipin IgG, and those
who were positive had low titres. We felt, therefore, that APS classification criteria
needed to be modified to exclude these women from the diagnosis. The results of
our studies indicated that this group of women appeared to comprise a subset within
APS with a distinct anticardiolipin IgG profile, and that their condition carried a
different prognosis requiring a modified therapeutic response compared to APS

patients with a history of thrombosis %,

Anticardiolipin Antibodies and the Lupus Anticoagulant

In 2004, patient accrual for a randomized, controlled clinical trial (Hep/ASA trial) was
reported, and we compiled results for the 847 patients who had been screened for

study participation®. About 15% of women had an antiphospholipid antibody (either
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anticardiolipin antibody or lupus anticoagulant) and almost 60% of women had no

identifiable etiology for their recurrent losses.

The association between anticardiolipin IgG and the lupus anticoagulant became
evident in a study investigating the clinical events in patients with consistent and
fluctuating lupus anticoagulant levels’’. The percentage of patients positive for
anticardiolipin IgG was related to the number of positive tests in the lupus
anticoagulant panel. Almost all patients with all 4 tests positive for a prolonged
coagulation time were also positive for anticardiolipin, and the number decreased
with decreasing lupus anticoagulant positivity (Figure 1). Similarly, the median GPL
for patients with all 4 lupus anticoagulant tests positive was much higher than in
patients with fewer than 3 lupus anticoagulation tests positive. For 2 or fewer lupus
anticoagulant tests positive, the median GPL was negative. In contrast to our
findings with anticardiolipin, we found a strong correlation between number of lupus

anticoagulant tests positive and a history of still birth and recurrent pregnancy loss.

The PROMISSE study is an international observational 5-year trial, funded by the
National Institutes of Health (NIH) in the US, investigating the role of complement in
antiphospholipid antibody-related adverse pregnancy outcome. Our laboratory is the
core laboratory for lupus anticoagulant analysis. Although the trial is not yet
completed, several early findings have been published, the most significant of which
is that the lupus anticoagulant is the strongest predictor of serious pregnancy

complications. In contrast, anti-B2GP1 antibodies and anticardiolipin antibodies,

even at a cutoff of > 40 GPL, are not significant predictors of pregnancy outcome''2.
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Figure 1. Correlation between number of lupus anticoagulant (LAC) tests positive per panel
and anticardiolipin 1gG (aCL) positivity and different clinical histories’”’. The LAC was
measured using a panel of 4 functional coagulation assays. Positivity in all 4 appeared to be
more associated with still birth and a history of thrombosis than positivity in fewer or no LAC
tests. The group of patients with 4 positive LAC tests had a higher percentage positive for
aCL IgG than those with fewer positive LAC tests, and had a higher median titre than the
other groups with fewer or no positive LAC tests. Conversely, patients negative for the LAC
were more likely to have negative aCL, a much lower incidence of thrombosis and still birth,

and a history of at least 1 live birth.
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Summary of Serological Findings

e We have consistently observed that anticardiolipin antibodies are found in
only a small proportion of women with recurrent pregnancy loss

Anticardiolipin IgM is a relatively non-specific finding and we were unable to
use it to distinguish between women with and without recurrent pregnancy loss

« Anticardiolipin antibodies are found in other patient groups including healthy
pregnant women and patients with acute parvovirus B19 infection, attesting to their
presence in non-APS-related situations

¢ Anticardiolipin antibodies are found much more frequently in patients with a
history of thrombosis than in patients with either SLE or recurrent pregnancy loss

e Anti-B2GP1 antibodies do not distinguish among patients with or without
recurrent pregnancy loss or thrombosis and therefore are of limited or no value in the
investigation APS

¢ Patients with recurrent pregnancy loss who are positive for anticardiolipin
antibodies have much lower titres than those with thrombosis-related APS or SLE

e The titres in women with early recurrent pregnancy loss are so low that they
do not fulfill the current classification criteria for APS and would not have done so in
earlier years if quantitative antibody cut-off titres had been provided in the first set of
classification criteria

e Patients with a higher number of positive lupus anticoagulant tests in a 4-
test panel are more likely to have anticardiolipin antibodies and at a higher titre than

those with none, 1 or 2 tests positive in the panel.
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¢ Almost 60% of women with recurrent early pregnancy loss have no

identifiable etiology

e It is the lupus anticoagulant, and not anticardiolipin antibodies, that is the

strongest predictor of pregnancy complications in patients with antiphospholipid

antibodies
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Chapter 4. Contribution to Knowledge

Clinical Studies

Randomized Clinical Trials

Two randomized controlled clinical trials assessing treatment efficacy for recurrent
pregnancy loss were conducted®®'. From 1988 to 1996, 1080 patients referred to
our clinic for participation in the ASA/P trial. From 2000-2005, the Hep/ASA trial
investigated the efficacy of low molecular weight (LMW) heparin and aspirin versus

aspirin alone for treatment of recurrent pregnancy loss.

The ASA/P Trial

Over 1000 women were screened for participation in the ASA/P trial, a double-blind,
placebo controlled trial comparing the efficacy of prednisone and low-dose aspirin
versus placebo in women with a history of recurrent pregnancy loss. Of those, 773
women had > 2 consecutive pregnancy losses, and 385 fulfilled the additional
inclusion criteria: at least one positive autoantibody on at least 2 occasions and no
evidence of anatomic, genetic or hormonal abnormalities. Women with 2 or more

(rather than 3 or more) consecutive losses were included in our clinical trials®® ©'

as
there is no difference in the distribution of known etiologies between women with 2
versus 3 losses and therefore no justification for withholding either investigation or

treatment until a third loss has occurred 081,

After obtaining signed consent, 202 women became pregnant and were randomized
into one of 4 stratified groups in the trial, based upon maternal age and gestational
age of previous losses®®. Half the women received aspirin and prednisone, the other

4]



half received placebo. The primary outcome measure was live birth; secondary

outcomes included premature birth and maternal side effects.

All women were positive for at least one autoantibody including aPL. Eighty —eight
women were positive for at least one aPL: the lupus anticoagulant was present in 38
women in the treatment group and 36 in the placebo group; 6 and 14 women
respectively were positive for anticardiolipin IgG. The anticardiolipin antibodies were
measured using both an in-house assay®® and 2 commercially available kits over the
8 years of patient accrual, and only women with either levels = 5 standard deviations
above the mean (using the in-house assay, determined by ROC analysis®’) or above
either 15 or 22 GPL (for results using the 2 different commercial kits) were
considered positive. The lupus anticoagulant was found in 74 patients (37% ) of the
study sample which might be considered high for a population of women with
recurrent pregnancy loss, but this was not an unselected sample, but instead
comprised 202 women with a history of loss selected on the basis of their positivity

for at least one autoantibody.

Upon completion of the trial, logistic regression analysis showed that there was no
difference in response to treatment regardless of the variable tested: maternal age,
history of early versus late losses, or presence of aPL. There was an increase in
prematurity in the group receiving prednisone and aspirin but the birth weights were
all appropriate for gestational ages, indicating no incidence of intrauterine growth
restriction. As earlier studies involving aspirin during pregnancy had not resulted in
any increase in prematurity, prednisone was considered to be the contributing factor

in the increased rate seen in the ASA/P trial and when combined with 2 earlier
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studies, these results provided sufficient data to dissuade future use of prednisone
as a therapeutic option for the treatment of recurrent pregnancy loss with or without

aPL.

The Hep/ASA Trial

The Hep/ASA trial was a prospective randomized, controlled study evaluating the
efficacy of low molecular weight (LMW) heparin and aspirin versus aspirin alone for
the treatment of recurrent pregnancy loss. LMW heparin was selected as the
therapeutic intervention in this trial because it has several advantages over
unfractionated heparin: increased bioavailability, more predictable dose response,
less intensive coagulation monitoring, and a lower probability of causing immune-
mediated thrombocytopenia in addition to decreased incidence of heparin-induced
bone density loss'"". The trial was an open label design, as the investigators did not
consider daily subcutaneous placebo injections to pregnant women ethical; further,
ascertainment of the primary endpoint (live birth) should not be subject to bias as a

result of knowledge of treatment strategies.

A total of 859 patients were screened for participation over 5 years. Eighty-eight
fulfilled classification criteria (including a history of = 2 consecutive pregnancy losses
and prevalence of one or more autoantibodies), signed informed consent, and were
randomized into the trial once pregnancy was confirmed. Patients were stratified on
the basis of presence of aPL (anticardiolipin IgG and/or IgM and/or the lupus
anticoagulant) and by history of early versus late losses. Patients with one or more
positive tests on a thrombophilia screen were also included. Each patient

randomized into the LMW heparin group was taught to self-inject 5000 units of
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Dalteparin subcutaneously once daily until 35 weeks’ gestation. Oral aspirin (81 mg,

enteric coated) was used in both the intervention and reference arms of the study.

The trial was designed to have a sample size of 200, but after 5 years, only 88
patients had been randomized and completed their pregnancies. A planned interim
analysis built into the study design halted the study after 88 patients’ pregnancies
and completion of the 4-year funding period. It was revealed at that point by the
steering committee that there was no difference in live birth rates between the
intervention and reference groups, and that the pregnancy loss rate in the aspirin
only group was much lower than anticipated®®*®”. Given the difficulty experienced in
patient accrual over the study period and the lack of treatment differential, it was

decided to end the trial early.

There was a 77.7% live birth rate in the group receiving LMW heparin and aspirin
compared to 79.1% in the aspirin only group. There were no cases of maternal
thrombosis in either treatment group during pregnancy or in the postpartum period
and no significant differences in bone mineral density measurements. No difference
was found when comparing outcomes of women with a history or 2 versus 3 prior
pregnancy losses and there was no difference in live birth rates between women with
a history of early versus late losses. There was no significant difference in the live
birth rates regardless of aPL positivity. Live births were evenly distributed across I1gG
and IgM anticardiolipin titres, but the sample sizes were too small to confirm

statistitical significance of the observation.
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Results from the Hep/ASA trial supported the contention by Gates et al'*® that for
women with recurrent pregnancy loss, aPL, and no history of thrombosis, there is
insufficient evidence to support the use of thromboprophylaxis in pregnancy. Others
have found a similar live birth rate in this group of patients when treated with aspirin

and either LMW or unfractionated heparin®*°°-%°

(Table 3). Our results confirmed an
earlier trial that found no increase in live births conferred by the addition of LMW

heparin to aspirin for the treatment of aPL-positive recurrent pregnancy loss®®.

Both the ASA/P and Hep/ASA trials included women with autoantibodies in addition
to aPL. Anti-DNA antibodies, antinuclear antibodies, and anti-lymphocyte IgM were
included in the serological criteria because recurrent pregnancy loss is a feature of
systemic lupus erythematosus, and we had observed increased rates of these
antibodies in our patients with recurrent pregnancy loss, particularly anti-lymphocyte
IgM both with and without SLE®"%3""3_ Inclusion of autoantibodies other than aPL
was felt to be important as anticardiolipin and the lupus anticoagulant are only 2 of
many potential markers of recurrent pregnancy loss with an immune etiology™'*"". It
is emerging that in patients with APS, there may be an inflammatory component to
the pregnancy loss that has yet to be fully elucidated'"® and may require a
broadening of serological investigations to detect. We did, however, stratify our trial
groups by the presence or absence of aPL, so we were able to analyze aPL

subgroups without interference from the inclusion of women with other

autoantibodies.

While our randomized clinical trials have been designed to evaluate treatment

efficacy for women with an autoantibody or coagulation abnormality, most patients
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with a history of recurrent pregnancy loss have no identifiable etiology for their
losses'®. The standard of care at our clinic for autoantibody-negative women with a
history of idiopathic recurrent pregnancy loss includes low dose aspirin, close
monitoring throughout pregnancy, and readily available counselling. We reviewed
pregnancy outcomes at our clinic from 1995 to 2000 in women with a history of
recurrent pregnancy loss who had screened negative for the full panel of
autoantibodies, and who had received aspirin only during their pregnancies''®. We
identified 207 women who were negative for all autoantibodies, including antinuclear
antibody, anti-DNA IgG and IgM, and anti-lymphocyte IgM as well as anticardiolipin
IgG and the lupus anticoagulant. There was an 85.5% (177/207) live birth rate in the
group, not statistically significantly higher than the live birth rates in women with
either antiphospholipid or other autoantibodies treated with aspirin only in the
Hep/ASA trial (75.0% and 82.6% respectively). This observation does not support
the contention that the presence of either aPL or other lupus-related antibodies

significantly affect pregnancy outcome.

Postpartum Thrombosis

Studies investigating treatment regimens for a’PL-positive pregnancy usually identify
live birth rate as the primary outcome, and intrauterine growth restriction, placental
infarction, prematurity and pre-eclampsia as secondary outcomes''”'?°. There is
limited literature available regarding the incidence of postpartum thrombosis in this
population'. To address this, we initiated a review of pregnancy-related thrombosis

and preterm delivery in our clinic.
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Over a 5-year period, patients with a history of recurrent pregnancy loss were
prospectively followed throughout their pregnancies. Subsequently, a chart review
was performed to collect demographic, clinical and obstetric outcome data on
patients whose pregnancies had progressed to at least 27 weeks’ gestation. We
thereby confined our analyses to those pregnancies with a significant likelihood of
live birth as women with early pregnancy loss are less likely to experience
pregnancy-related thrombosis''. There were 260 live births included in the study: 87
were positive for anticardiolipin IgG and/or the lupus anticoagulant; 173 were aPL-

negative.

The only significant difference in the obstetric histories of the 2 groups was the
increased incidence of prior live birth in the aPL-negative group indicating that more
aPL-positive women had primary rather than secondary pregnancy loss. There was
no difference in the proportion in each group with 2 versus 3 prior losses or in their
ages. Prenatal and /or post partum anticoagulation therapy was given at the
discretion of the attending physician. Within the aPL-positive group, 27 received
aspirin only; 44 received LMW heparin and aspirin; and 16 received no treatment at

all.

There was an increased rate of preterm delivery in patients with aPL compared to
those without (24.0%versus 9.8%, p = 0.004, 95% confidence interval for the
difference: 0.052-0.234). There were no episodes of thrombosis during any of the
260 pregnancies observed; 1 postpartum thrombotic episode occurred in the aPL-
positive group. The patient had a deep vein thrombosis 3.5 weeks postpartum while

receiving prophylactic LMW heparin. Interestingly, this woman did not fulfill
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classification criteria for APS as she had a history of fewer than 3 early losses. In
addition, it would have been difficult to attribute the specific etiology of her
postpartum thrombotic episode, as it was associated with pregnancy, surgery, and
immobility, 3 known risk factors for hypercoagulability in addition to the aPL-

positivity.

Preterm Delivery Study

The increased rate of preterm delivery in women with aPL observed in the post-
partum thrombosis study’® confirmed earlier observations of preterm delivery in a
lupus population'®. After reviewing the pregnancies of 72 patients with SLE, we
found preterm deliveries to be associated with disease and a trend toward the
presence of anticardiolipin I9G but not the lupus anticoagulant. The mean weeks'’
gestation at delivery in women positive for anticardiolipin IgG was significantly
shorter than for women negative for anticardiolipin 1gG (34.9 + 4.4 versus 37.5 + 3.2,
p = 0.032). In the anticardiolipin positive group, there was, however, no increase in
the occurrence of intrauterine growth restriction or placental abnormalities that are
characteristic of APS. We performed a literature review of lupus pregnancies and
found 9 studies of lupus pregnancies from 1992 to 2002 that were observational in
nature with adequate sample size and reported pregnancy outcome data. Only 2 of
the 9 studies also found an association between aPL positivity and preterm

delivery'#4125

without specifying anticardiolipin antibody or lupus anticoagulant.
Subsequent Pregnancies
In a study of cumulative treated pregnancies we followed 60 women from 2000 to

2004 who had more than one pregnancy after being referred to our clinic following a
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history of recurrent pregnancy loss'?. Live birth rates for women with this condition
are often reported as results in a single clinical trial evaluating treatment efficacy,
whereas in a “real world” setting, women frequently have more than one pregnancy
subsequent to trial participation. The 60 women had a total of 184 pregnancies
before attending our clinic. Fifty-one (85.0%) had a history of primary recurrent
pregnancy loss; 28/60 (46.7%) were positive for aPL. In the first pregnancies treated
with LMW heparin, 44 (73/3%) had a live birth. In the second treated pregnancies,
47/60 (78.3%) had a live birth. There were no differences between aPL- positive and
negative women with regard to obstetric histories and subsequent pregnancy
outcome. Twenty women had a third pregnancy, 6 had a fourth, and 2 had a fifth
treated pregnancy. Cumulatively, the number of women with at least one live birth
after 2 treated pregnancies was 54/60 (90.0%); 57/60 (95.0%) had at least one live
birth after > 2 treated pregnancies. In addition, 46/60 (76.6%) had at least 2 live

births while attending our clinic.

While randomized clinical trials may provide a snapshot of therapeutic efficacy, they
may not reflect the reality of treating women in a dedicated clinic setting. We found a
high cumulative success rate (95.0%) over a number of pregnancies treated with
LMW heparin. There was no commonality among the 5% of women who had
repeated losses despite multiple treated pregnancies and we were unable to
demonstrate that aPL status, prior live birth, or prior still birth were in any way

associated with future pregnancy outcome.
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Longterm Followup Studies

Several early followup studies reported a high incidence of thrombosis between 1 to
12 years after initial presentation with aPL- positive recurrent pregnancy loss'?"'2,
Twenty years (median: 17; range: 14-21) after the first patients were enrolled in the
ASA/P trial investigating the efficacy of prednisone and aspirin for recurrent
pregnancy loss®®, we sent participants a self-report questionnaire to determine the
incidence of subsequent thrombotic events and classification with APS™. When
comparing the group of 56 respondents to the original trial participants, 52% had
received prednisone and aspirin in the trial, 67% had a live birth in the trial, and 51%
were aPL positive, none of which was significantly different from the group as a
whole, indicating that the responders were representative of the original study
population. Twenty-four women had 37 subsequent pregnancies resulting in 25 live
births, 10 early losses, 1 stillbirth and 1 ectopic pregnancy (20/24 women had at
least 1 live birth in the interval since trial participation. There have been no episodes
of thrombosis even in the aPL-positive group and no one has been diagnosed with
APS. Our findings are in contrast to earlier reports'#"'? but are in agreement with

subsequent investigations and a recent study'®

established that asymptomatic,
persistently aPL-positive patients (with no history of thrombosis or pregnancy-related
events) have a low overall annual incidence of acute thrombosis and only develop

vascular events when additional thrombosis risk factors are present.

Summary of Clinical Findings
e There was no difference in live birth rate between aPL- positive and
negative women with recurrent pregnancy loss when treated with prednisone and

aspirin or placebo.
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e There was no difference in live birth rate between aPL- positive and
negative women with recurrent pregnancy loss when treated with LMW heparin and
aspirin or aspirin only

» There was no difference in the live birth rates between women with aPL and
those with other autoantibodies when treated with aspirin

e There was no increased incidence of postpartum thrombosis in women with
aPL comparéd to those without

» Antiphospholipid antibodies were found more frequently in preterm
deliveries in women with recurrent pregnancy loss

» Anticardiolipin IgG, but not the lupus anticoagulant, was found more
frequently in preterm deliveries in women with SLE although active disease at
conception was a more significant predictor of adverse pregnancy outcome

e After 2 LMW heparin-treated pregnancies, 90% of women with a history of
recurrent pregnancy loss had at least one live birth regardiess of aPL status

e There were no thrombotic events in 55 women after a median of 17 years

following initial presentation with recurrent pregnancy loss regardless of aPL status
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Chapter 5. Discussion and Conclusions

Antiphospholipid syndrome (APS) is a condition that requires either (1) a
documented episode of thrombosis, using objective validated evidence, of arterial,
venous, or small vessel thrombosis in the absence of inflammation of the vessel wall
or (2) one of a wide range of adverse obstetric outcomes, from recurrent early
pregnancy loss (3 or more at < 10 weeks’ gestation) or 1 late loss (= 10 weeks’
gestation) to premature birth attributed to eclampsia, pre-eclampsia or placental
insufficiency. Overlaying this diverse spectrum of clinical manifestations is the
requirement for moderate to high levels of anticardiolipin or anti- B2GP1antibodies or
the lupus anticoagulant. In the 25 years since APS was first described, and after
many clinical and basic research studies, questions still remain regarding the
significance of aPL and their association with both recurrent pregnancy loss and

thrombosis'3%-13%,

We have reported that the presence of aPL in patients with systemic lupus

erythematosus is associated with a poorer prognosis’®13%131

, even in the absence of
thrombotic events and hypothesized that a vaso-occlusive factor enhances the
inflammatory component in lupus, creating a condition of greater clinical concern

than either entity alone.

APS has had expanding panoply of associated conditions including, but not limited
to, epilepsy, transverse myelopathy, Guillain-Barré syndrome, Addisons disease,

thrombocytopenia, autoimmune hemolytic anemia, idiopathic thrombocytopenic
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purpura, and livedo reticularis. With each of these conditions, the presence of aPL
has been reported to be associated with more severe clinical presentation %31,
indicating that the combined presence of aPL with a comorbidity negatively affects
prognosis. Indeed, aPL-positive patients with these conditions only develop vascular
events when additional risk factors are present'?®. These results support the

contention that aPL may be a cofactor but not a causative agent in the pathogenesis

of APS-related clinical conditions®?.

Classification criteria for APS®’ do not differentiate between patients with severe
clinical manifestations (recurrent venous and/or arterial thrombosis potentially
requiring longterm if not lifelong prophylactic anticoagulation) and those with
(transient) pregnancy-related events'®. For example, compare a 30-year-old woman
with a history of 3 early losses at 8 weeks’ gestation and an anticardiolipin IgM of 40
MPL to a 30-year-old woman with a history of arterial thrombosis, a lupus
anticoagulant, anticardiolipin IgG of >150 GPL and 1 pregnancy loss at 29 weeks'’
gestation accompanied by intrauterine growth restriction and placental infarction.
Both patients fulfill classification for APS and may therefore be treated in the same
manner in any subsequent pregnancy despite the obvious differences in the severity
of their conditions. Our results over the years have indicated that the vast majority of
women with a history of early pregnancy loss with aPL have a benign prognosis. We
propose a cautious approach not only in terms of therapy, but also in terms of
classification within APS®*®_ This caution is supported by Branch who states that
“Though most authorities require the presence of either lupus anticoagulant or
medium-to-high titer IgG anticardiolipin antibodies to make a diagnosis of

antiphospholipid syndrome, in some series no more than half of the study patients
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had lupus anticoagulant and as many as 20% had only IgM anticardiolipin
antibodies. It is very unlikely that patients with such disparate clinical and laboratory
findings have the same autoimmune syndrome™2. In the past decade, there has
been recognition that anticardiolipin antibodies may not actually be as strongly

associated with or predictive of thrombosis or adverse pregnancy outcome as initially

postulated 59,107,112,129,136-139

Numerous potential aPL-mediated disease mechanisms, both at the molecular level
and demonstrated in murine models, have been proposed (Table 2, p.13). However,
evidence supporting the pathogenicity of aPL in humans remains elusive and
understanding the cause of tissue injury, particularly fetal loss in APS, remains
incomplete. While the placental insufficiency and resultant intrauterine growth
restriction seen in a subset of preterm deliveries and still births may be related to a
pathological condition beyond the normal hypercoagulability of pregnancy,
anticardiolipin antibodies may also be nothing more than a complicating

epiphenomenon?®.

Intuitively, given the classification criteria for APS, one would assume at least a
consistent correlation between the presence of aPL and clinical manifestations of the
syndrome. However, this is not the case. The majority of women with recurrent early
pregnancy loss are negative for aPL as are the majority of patients presenting with
deep vein thrombosis and stroke®. Conversely, a minority of women with uneventful
pregnancies has been shown to be positive for aPL and in a followup of
asymptomatic, persistently aPL-positive patients with no clinical manifestations of

APS, investigators found a low overall annual incidence of thrombosis and no benefit
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accrued by prophylactic treatment with low dose aspirines. It is of interest to note that
treatment does not differ for patients with recurrent thromboembolism regardless of
their aPL status. It is the recurrent thrombotic event itself, and not the presence of
aPL, that determines the treatment regimenﬁs. It is apparent, therefore, that aPL are
neither necessary nor sufficient for the development of clinical manifestations of

APS.

The lack of both a compelling pathogenic mechanism and the absence of a
consistent association between aPL and clinical manifestations may explain the
inconclusive outcomes from clinical trials evaluating varied treatment regimes for
aPL-positive women with a history of recurrent pregnancy loss. We and others have
observed that when aPL are present with early recurrent pregnancy loss, the live
birth rate is similar to that with aPL-negative women with RPL, regardless of
therapeutic intervention and regardless of titres of anticardiolipin antibodies or how
the lupus anticoagulant is measured (Table 3). In addition, we have noted no
increase in pregnancy-related vascular thrombosis and there is a growing body of
evidence that there is no increase in longterm sequelae following recurrent

pregnancy loss.

Nevertheless, women with early recurrent pregnancy loss and aPL fulfill current
criteria although they may never have any non-pregnancy-related events.
Classification with APS, which is categorized as an uninsurable condition by the

86-88

insurance industry™>™", precludes obtaining longterm care insurance and complicates

application for life insurance. Patients are thus burdened with lifelong health and
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financial implications regardless of the fact that most of the women with a history of

early pregnancy loss will never have any non-obstetric manifestations of the disease.

There are 3 distinct disease entities of APS: primary (PAPS: in the absence of a
comorbidity); secondary (SAPS: with a pre-existing comorbidity); and catastrophic
(CAPS: simultaneous multi-organ failure with small vessel occlusion). “Seronegative
APS”, first proposed in 1997, describes patients with a typical idiopathic clinical
picture suggestive of APS, but without evidence of aPL in their serum. The concept
of seronegative disease is not new. Clinically active, serologically quiescent lupus
has been described for more than 30 years'*®''. However, unlike classification with
APS, classification with SLE comprises fulfillment of at least 4 criteria among a
number of clinical and laboratory elements, not a specific requirement for a specific
autoantibody'2. This latter variant of seronegative APS is both puzzling and
intriguing: classification with this syndrome has a definite requirement for a positive
aPL on at least 2 occasions. In the absence of aPL, isn’t the idiopathic clinical event
just the clinical event? Perhaps by introducing this seronegative variant, the
investigators have inadvertently undermined the very nature of the putative
syndrome by declaring that a heretofore-essential classification element is not

necessarily required.

Extensive studies focusing on recurrent pregnancy loss in patients have enabled the

following conclusions:

1. The majority of women with early recurrent pregnancy loss are negative for aPL.

2. The majority of patients seen in our clinic with early recurrent pregnancy loss who
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are positive for aPL never experience any of the non-pregnancy-related clinical
conditions included in the classification criteria for APS.
3. aPL, especially anticardiolipin antibodies, are neither necessary nor sufficient for

the development of early recurrent pregnancy loss.

These conclusions indicate the need for redefinition of APS. Removal of early
recurrent pregnancy loss from the classification criteria would address the increasing
body of evidence that this clinical manifestation is distinct from late loss or early

delivery with placental infarction™?

. Alternatively, the introduction of a new subset,
possibly termed “transient APS”, would distinguish anticardiolipin-positive patients
with limited, pregnancy-related morbidity and no longterm sequelae from those with
recurrent episodes of venous and/or arterial thrombosis requiring lifelong
prophylactic anticoagulation. Just as drug-induced lupus is a completely distinct
entity from SLE, and recognized as a temporary condition with a resolution of
symptoms upon drug withdrawal'*, similarly, “transient APS” might be recognized as
designation that would more appropriately reflect the limited nature and more

positive longterm prognosis for women with early recurrent pregnancy loss and

anticardiolipin antibodies.

APS is a syndrome built upon a foundation with two pillars of classification criteria
(laboratory and clinical). It has already been shown that even the absence of a pillar
(seronegative APS) has not deterred investigators from classifying patients with this
syndrome, resulting, perhaps, in inappropriate longterm health and insurance
consequences. There is sufficient evidence to question the validity of the current

criteria for APS, particularly with regard to the inclusion of early recurrent pregnancy
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loss and anticardiolipin positivity. As Branch so aptly put it in 1998% “a stated or
implicit diagnosis of antiphospholipid syndrome in such a wide variety of women is
scientifically unsound and clinically dangerous’. lt is perhaps time to review the
classification criteria for APS: every year this situation goes uncorrected means

hundreds if not thousands of women are bearing an unnecessary diagnostic burden.
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Glossary of Acronyms

aCL

aPL

APS
ASA/P
B2GP1
ELISA
GPL
Hep/ASA
IUGR

LAC

LMW
MPL
ROC
RPL
SLE

UF

Anti-cardiolipin antibodies

Anti-phospholipid antibodies

Antiphospholipid syndrome

Aspirin and prednisone clinical trial

Beta-2 glycoprotein 1

Enzyme-linked immunosorbent assay

lgG anticardiolipin units

Low molecular weight heparin and aspirin clinical trial

Intrauterine growth restriction

Lupus anticoagulant encompassing:
DilPT: dilute prothrombin time
DRVVT: dilute Russell’s viper venom time
PTT-LA: LAC-sensitive partial thromboplastin time
KCT: kaolin clotting time

Low molecular weight (heparin)

IgM anticardiolipin units

Receiver operator characteristics

Recurrent pregnancy loss

Systemic lupus erythematosus

Unfractionated (heparin)
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Editorial

Anticardiolipin Antibodies:

Smoking Gun or Smoke Screen?

Over the past 5 years the presence of anticardiolipin anti-
bodies (aCL) in patients with systemic lupus erythematosus
(SLE) and women with recurrent fetal loss has generated a
great deal of research activity!?. One merely has to
examine the pages of this journal over the past year to verify
this claim. In this issue, articles by Weidmann, er al3
Hazeltine, er al* and Koskela, e al5 highlight the excite-
ment that has been generated by the study of these antibod-
ies and the controversies that have arisen regarding the
significance of their presence. It is appropriate to step back
and evaluate the importance of detection of such antibodies
and examine the fervent assertions regarding their associa-
tion*with clinical disorders.

Anticardiolipin antibodies (aCL) are not a “‘new’’ discov-
ery. Their description dates back at least to 1941 by
Pangborn®. The first evidence of their significance can be
attributed to Johansson and Lassus’. They noted the associ-
ation of antibodies to phospholipids with the circulating anti-
coagulant described earlier in lupus patients with falsely
positive tests for syphilis®9. These associations with the
lupus anticoagulant and the biologically falsely positive
VDRL (BFP) have brought aCL to the fore. Indeed, both
of the papers in this issue of the Journal substantiate at least
the association between aCL and the BFP. However, it is
important to note that although almost all patients with BFP
are positive for aCL,, the reverse is far from true. The major-
ity of patients found to be positive for aCL do not have the
BFP!%-2, Is there something significant about one of these
groups of patients?

Traditionally, the importance of the BFP has been its
association with the lupus anticoagulant. Whereas the BFP
has been prominent in the diagnosis of SLE®, the lupus
anticoagulant is significant in identifying those lupus patients
at high risk for coagulopathies manifested by recurrent
venous and arterial thrombosis!*'6 and more recently,
recurrent fetal loss'”-'. Fifteen percent of patients with SLE
possess the lupus anticoagulant. However, almost 50% of
lupus pregnancies are characterized by fetal loss®. Clearly,
the high prevalence of fetal wastage in patients with SLE
must be due to factors other than the lupus anticoagulant.
Recently, the discrepancy between the prevalence of the lupus
anticoagulant and the higher prevalence of fetal wastage
appeared to have been resolved when an association between

the presence of aCL and recurrent fetal loss was found'' 2!,
These authors purported that the presence of aCL is actually
a better predictor of fetal wastage than the lupus anticoagu-
lant. This last observation has now become the “‘claim to
fame’’ of aCL and been the subject of several symposia and
workshops. It is also this observation that has sparked the
most controversy.

There are few who would disagree that the presence of
lupus anticoagulant has a high association with fetal
loss!!17-202223 Unfortunately, many may prematurely
adhere to the view that there is an equally strong association
between aCL and recurrent fetal loss. The prevalence of aCL
in patients with SLE varies between 11 and 61%2425.
Although most studies have shown a significant association
between recurrent fetal loss and the presence of aCL, a note
of caution must be exercised in relying too heavily on the
predictive value of this antibody.

If aCL is predictive of fetal loss, pregnant patients with
this antibody may benefit from treatment. However, based
upon published data, this antibody is actually not predictive
of fetal loss. In the few studies that include the often omit-
ted control group of pregnant normal women, aCL are found
in moderately high frequency when compared to nonpreg-
nant, healthy women!'. Our own preliminary results find
aCL in 22% of a sample of 34 pregnant healthy women.
Petri, et al? found a frequency of 11% in both patients
with habitual abortion and nonpregnant controls, but the
levels were higher in the aborters. We would therefore con-
tend that aCL are a relatively common occurrence in nor-
mal pregnancies but may be more frequent and in higher titer
in those with recurrent fetal loss. However, who could predict
which patients are at risk of fetal loss until after the fact?
It is obvious that controlled prospective studies must be done
before we dare treat those patients who have this antibody.
As part of these controlled studies, perhaps a lesson might
be learned from Weidmann, er al who suggest in this issue
of the Journal that the isotype of aCL and other antiphos-
pholipid antibodies may be of crucial importance.

A major factor in accounting for the controversies regard-
ing aCL prevalence and associations is the variety of assay
systems used in the different laboratories. The aCL assay
is usually performed by radioimmunoassay or ELISAi1:2426,
Regardless of the specific method, the assay is noted for the
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difficulty in dissolving the cardiolipin antigen as well as the
problem of binding the soluble antigen to the assay plates.
Once these feats are performed, you have to deal with the
problem of assay background levels. Although Weidmann,
et al seem to have escaped the problem of assay background,
Hazeltine, e al were not so fortunate. The upper limit in
the normal population obtained by the latter investigators is
inordinately high for the assay but is similar to that obtained
by others-2, Furthermore, Lockshin, e al state “‘the
serum factor identified by the enzyme-linked immunosorbent
assay [is presumptive] ‘antibody to cardiolipin’ and should
not be interpreted to mean ‘specific antibody to cardiolipin’.”’
It is therefore not surprizing that the collective prevalence
data lack consistency and that ~antroversy concerning the
predictive value of this antib . 48 arisen. It is clear that
standards could be derived by the pooling of antisera among
investigators similar to that strategy followed in the HLA
workshops.

In addition to thrombosis and fetal loss, other clinical
manifestations have been associated with the presence of
aCL. Hazeltine, ef gl confirm previous observations of the
association of aCL with lupus anticoagulant activity, the BFP,
thrombocytopeniat.#4.27, and possibly an association with
Coombs’ positive hemolytic anemia. Weidmann, ef al note
a negative association of aCL with renal disease. In contrast,
Hazeltine, er al found no correlation with disease activity,
Various investigators have found an inconsistent association
with disease activity which may be attributable to the idio-
syncrasies of the various assay systems.

Conclusions regarding the significance of aCL are best
determined by gathering a consensus among investigators and
clinicians. First, there is some association between aCL and
recurrent fetal loss, the importance of which remains to be
determined. Secondly, aCL are frequently found in patients
with recurrent fetal loss, but the predictive value of these
antibodies is too questionable a criterion upon which to base
any therapeutic decisions. Thirdly, aCL do not appear to be
related to disease activity, but may be associated with cer-
tain clinical manifestations. Lastly, but perhaps of greatest
importance, assay systems must be standardized and speci-
_ ficities assured before the controversy surrounding aCL can
be resolved. The time for descriptive studies involving this
antibody and possible clinical associations has passed. We
now require results from well controlled, prospective studies
and randomized trials to determine the true significance of
aCL.

CARL A. LASKIN, mp, FRCPC,

Assistant Professor of Medicine and Immunology,
Toronto General Hospital and

Mount Sinai Hospital Research Institute;

CHRISTINE A. SOLONINKA, ss..

Mount Sinai Hospital Research Institute,
Toronto, ON Canada
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ACR NORTHEASTERN REGIONAL MEETING AB'STﬁACTS

iN

ASSOCIATIONOF A NON-CYTOTOXIC ANTLLYMPHOCYTE ANTIBODY WITH UNEX-
LAINED RECURRENT FETAL LOSS IN PATIENTS WITH SUBCLINICAL AUTOIM-

MUNITY. h isth H in, L Toronto General

Hospital, Univexsity of “Toronto, Toronto, Ont,, Canada, .
Wo bave previousty reported that in a group of 22 patients with Unexplained Tecurrent fetal loss
(RFL), 20 patients had at east 1 dy. An]] ti-lymphocy ibady was found to be
the most sensitive and specific marker d with Unexplained dt i in 18722
patients in the fatter category but rarcly detected i the Explained RFL and pregnant normal con-
trols. We bave now cb: ized the antl. phocy ibody and further lyzed its antigeni
specificity,
In8/13 patients with Unexplained RFL found to have serum anti-lymphocyte antibady binding using
an ELISA, none d d cytotoxicity in & mi ity assay. In contrast, 23723 SLE
ibodyby ELISA, with 10 ofthese foundtobe cytotoxic.
Specificity studies revealed that the anti-lymphocyte astibody found in patients with Unexplained
RFL is highly <ross-reactive with cell susface component(s) found on human RBC, platelets, and
trophoblastic tissue, Iy addition, the antibody also detected a comp o the surface of muriae
spleen cells and th No cros: d with either native or denatured
DNAor cardiolipin antigens,
A Westera blot analysis of the serum anti-lymph Y ibody perf d ot # human ymphocyte
cell lysate subjected to SDS-PAGE, revealed 5 bands where binding occurred at; 15 KDa, 25 KDa,
17KDa, 14 KDa, and 13 KDa,
Based npon thege studies, we lude: 1) Y found in patients with Unex-
plained are no-gytotoxicin contrast ta those found in patients with SLE; 2) these non-cytotoxc
antibodies are not specific for Iymphocytes but rather bind to a cell surface component common o
many buman and merine cells; 3) the cell surfa p to which this asti-ymph ibody
binds ls sinilar to that described for the antibody to Tupus iated proteia.

patients d: dthe anti-lvmnk

tivity was d

ti-lymnl tbod:,

2N

EVIDENCE FOR THE PRESENCE OF A BRAIR-SPECIFIC ANTIGEN RECOGNYZED By
ANTIBODYES IN THE SERUM OF PATIENTS WITH CNS-SLE. Mark D, Horowitz,
Daniel Rogenbluth, D, Stave Kohtz, Saul Puszkin, and Harry Spiera,

Hount Sinai School of Hedicine, Hew York, H.¥.

An antibody was identified in the serum of a patient with overt
CHS-SLE which specifically bound to o brain synaptic plasma membrane
antigen.
glycoproteta, detected in brain and was not detected {n tissue
extracts of cardiac ruscle, striated wuscle, liver, kidney, or
pancreas, We obtained sera from ten patients with CNS-SLE. Cns
.manifestations included seizures, psychosis, transient or permanent
focal neurclogic deficits, and severe, unremitting headaches. Our

» rheumatoid vasculitis (RV), and Still'e disease) and 3 normal
control volunteerg. The sera were screened by Western Blot technique
for binding activity to Lp50 patially purified from bovine brain
synaptic plasma membrine. Sera from 21 patients showed moderste or
atrong reactivity to Lp50. Nige had CNS lupus, 8 had SLE without CNS
sandfestations, and one each had RA, RV, PSS, and P, In rotsl 90%
(8/10) of patients with CuS lupus and 53% (8/18%) of patients with SLE
without CNs manifestations demanstrated reactivity to Lp50,
the three nomal controls did so.

The antigen described {5 distiner from ribosomal peprotein a8
dearibed by Bonfa et al. The function of LpS0 antigen and the )
significance of anti~Lp50 antibodias are unknown and await further
study.

3N

THROMBOSPONDIN SYNTHESIS AND SECRETION BY ACTIVATED POLYMORPHONUCLEAR
LEUKOCYTES IN SYNOVIAL FLUID, André D, Beau).i(':uX Monigue La Fleur,
Chriatoghe Krela, Inflammatfon and Immunology-ﬂheumutology Research
Unit, Univereité Laval, Quebec City, Canada,

Few studies have addressed the question of protein synthesis and

we otudied de nove
by activated PHN. Two different
Sources of activated PMN were studied. We uged PMN isclated from in-
flammatory synovial fluid of patients with rheumatoid ang peoriatic
arthritis and coemparisons were made with non-activated PMN isoluted

the activated BMy showed a marked increase 1n the synthesis and secre~
tion of thrombospondin ag identified by a mouse monaclonal antidody.
This incresaed production by activated cells paralleled a similar
ineresse 1n production of another extracellular matrix and call adhe-
slon protein, fibronectin, We conclude that activated PMN at sites
of inflammation such as chronic synovitis are able to produce in in-
creased amounts at least two timsye matrix proteins, thrombospondin
and fibronectin, The role that thege proteins play in inflammation
and PMN physiclogy remeins to be determined.

R5

4N

YDROXYAPATITE PSEUDOPODAGRA: A SYNDROME OF YOUNG WoMpy. , Joel
B ?ggmybroa}: Medical cetr(smc), v of Toronto, owg%fgmmns
Acute caleific periarthritis {ACP) is a disorder characterized by

dacute periarticular inflammation associated with Juxtaarticular
hydroxyapatite caleific deposits. ace of lst metatarsophalangeal {HTP)
Jjoint or “hydroxyapatite Pseudopodagra® is rare. In the past gear, we
have treated 3 women 3908 26,268,631 yrs with ACP of ist HxP jts. This
prompted us to review 3} prior cases sean at SMC,

Unexpectedly, all 6 pts were women, mean age 35(26-53yrs). one pt
had onset of acute attack during Pragnancy. Presentation was character-
ized by acute onset of bain, swelling & erythema of the great toe in-
distinguishable from that of gouty podagra, All cases were initially
nistaken for acute gout but Serun urate & biochemical studies wore
normal. Attempted 1st MTP arthrocentesis in 3/6 pts yieldod a dry.tap
in 2(no crystals in neadle-tip)&2 drops of smtile,c.rystal-negatwe,
non-inflammatory synovial fluid(soowsc/m:i).fn ene. Acute episodes
responded to NSAIDs; mean duration of attack 104,

Literature review uncovered 10 additional Pts with ACP of lst H47p
Jjtss & of them were femalen mean age 30(rangel2-49yrs), the F:¥ ratio
for the entire group of 16 pts was 7:1 sconpared to a ratio of approx,
1:1 for AcP in general. Radiographic £indings revealed amarphous, peri-
articular calcific deposits of varying shape,size & density around the
Ist NP jts, Calcifications were located medimg {7/;2) ,late_:ql (3/12) &
plantar(2/12) to the Joint(location not specified in remaining 4 pts).
Followup f£ilms (11/16) showed disappearance of caleification over 2-16wk

prodeminantly of Premenopausal women & should be considered .:Cn the
differential diagnosis of acute lst MTP monoarthritis, 3)Radiographs
Of the lst MTP joint in Such pts require careful] examination for
periarticolar caleifica tion.

5N

PROTECTIVE EFFECTS OF CORTICOSTEROIDS ON CARTILAGE LESIONS
AND OSTEOPHYTE FORMATION IN THE EXPERIMENTAL DOG MODEL OF
OSTEQARTHRITIS, -] ! - jer, Research
Center Notre-Dame Hospital, University of Montreal, Montreai, Canada,
The in vivo effects of corticosteroids on the progression of osteoarthritic lesions
ilag {ons and osteophyte ion) were ined in 12 dogs in whom the
anterior cruciate ligament had been sectioned. Six of these dogs received oral
Pprednisone (0,25 mglkg/daz) and 6 received intra-articular injections of
Corti ids (e ide, 5 mg) every four weeks, Twelve other
operated dogs received no treatment. All dogs were sacrificed 8 weeks after surgery.
Of the 15 normal controls, 4 recefved intra-articolar injections of wiamcinolone
hexacetonide, Operated untrented dogs developed significant cartilage lesions on
their femoral condyles and tibial plat and p ted promi
dogs treated with sither oral or intra-atticular corticosterolds demonstrated a
ificant reduction in E < 0.006; p i

erasions were found in only 8% of the dogs receiving oral prednisone, and in none

of the dogs treated intrg-articularly, In addition, for both oral and intra-articular

administrations, a significant xeduction in tibial plateau lasion size was found,

pared to operated cd dogs (p < 0.04; p < 0.0002). Histological findings

from the g)pcrated animals revealed that coricosteroids si%;igcam ly reduce the
on

severity of itic ges of the lag medial and lateral
femoral condyles and tibial plateaus, with the exception of the lateral plateaus of
imals treated with oral ¢ ids, Bl y studies d d

"’ &
no evidence of increased cell degeneration or death with Steroids. Intra-articylar
corticosterolds had no deleterious effacts on normal articular cartilage. These 1esults
indicate thar glucocorticolds administered either orally or intra-articularly are effective
therapeutic drugs against the development of osteparthritic Iesions in this model,

6N

CLINICAY, AND BIOCHEMICAL CORRELATIONS IN OSTBOARTKRITIS(QA) OF THE HIP,
Case Western Reserve Univer~
sity, University Hoapitala of Cleveland, Gleveland.

Clinical and biochemical features were studied in 14 patients with
primary hip OA undergoing totsl hip replacement(THR) . Non-sterpoidal
(HSAID) use, other Jjoiat 0A and X~ray pattern of joint narroving (clas~
versus medial(H) or concentric(C)) were assessed.

_Femoral head cartilage was set up in explant culture, Nevly-synthesized

(NS)  PGs were zeasured by 20 hr 505 uptske and exioting,endogenous
(END) PGs by hexuronate content, Tissue extracts
associative chromntography into Pg subpopulations baged on hydredynsm=
ic(hd) size. These PG subpopulations were resolved into PG subclaspes
in CsCl gradients, i

Distribution of PGs invo subpopulations or subclasges did not vary as a
function of age, X~ray pattern, or NSAID use. For all samples, HS and
END PGs eluted into 4 subpopulations on chrometography: 1 subpopula-
‘tion of large PG aggregate(PC aggr), 1 with a hd size of PG monomer,
and 2 additional aubpopulations of smaller PG. Variations in this
elution pattern were found, with 2 gmaller hd size of PG aggr ond a
peak of gmall BG in some samples. These 2 featyres
corcelated with logs of peri-cellular metachromasy (p=0.03}, suggesting
differences in PG synthesis or processing, Elution patterns correlated



Clinical Utility and Specificity of Anticardiolipin Antibodies

CHRISTINE A. SOLONINKA, CARL A. LASKIN, JOAN WITHER, DAVID WONG,

CLAIRE BOMBARDIER, and JANET RABOUD

Abstract. Established solid phase assays for anticardiolipin antibodies (aCL) are often charac-
terized by high levels of nonspecific binding. As a result, only very high levels of aCL have
been reported to be associated with a variety of clinical conditions including systemic lupus
erythematosus (SLE), recurrent intravascular thrombosis and unexplained recurrent fetal loss.
We have developed an ELISA replacing direct evaporation of soluble cardiolipin with cardio-

lipin micelles in physiological saline as the anti
aCL were detected in various sera at dilutions

gen binding step in the assay. Levels of IgG
of 1/100 to 1/3200, showing improved assay

sensitivity. Assay specificity was determined using double stranded DNA and ovalbumin as
irrelevant binding antigens and no crossreactivity was found. The controversial use of Tween
20 in the assay was investigated and resuits showed it decreases nonspecific binding without
interfering in antibody detection. This assay has enabled us to identify differences in the preva-
lence and level of aCL antibodies in sera from healthy nonpregnant controls (0/25 positive),
healthy pregnant controls (5/47 positive for IgG and 8/47 positive for IgM) and from women
with unexplained recurrent fetal loss (16/62 and 14/62 positive, respectively). We support the
observation that aCL are not normally distributed, and therefore nonparametric methods of
statistical analysis are nhecessary to determine population prevalence. We confirm that aCL
1gM are a relatively nonspecific finding, and extreme caution must be used in basing any clini-
cal decisions on the presence of this antibody alone. (J Rheumatol 1991,18:1849-55)

Key Indexing Terms:
ANTICARDIOLIPIN ANTIBODIES
CARDIOLIPIN MICELLES

Anticardiolipin antibodies (aCL) have been associated with
a variety of clinical conditions, including systemic lupus
erythematosus (SLE), thrombosis, recurrent fetal loss, and
thrombocytopenia'-?. In some reports, the predictive value
of aCL has been determined and the decision to intervene
therapeutically has been based upon their presence®d. With
the increasing number of documented clinical correlations,
and decisions to prescribe corticosteroids and anticoagulants
being based upon such detection, it is imperative that a uni-
form, sensitive and specific assay technique be employed 50
results from different groups can be compared and
contrasted.
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RECURRENT FETAL LOSS
ELISA

We selected sera from women with unexplained recurrent

fetal loss as the patient group to investigate for the preva-
lence and frequency of aCL. Because the decision to give
an otherwise healthy woman immunosuppressive therapy
during her pregnancy is so serious, it is essential that the
basis for that decision be sound and incontrovertible. If the
presence of aCL is the only indicator for such intervention,
there must be confidence in the data that support the decision.

Since the introduction of the first specific assay for aCL,
there has been controversy about their prevalence and clini-
cal significance!-6.19, One of the major reasons for this
ongoing debate is that a definitive assay system complete with
descriptions of specificity and sensitivity has not been
described, and normal values obtained by the different sys-
tems have not been subjected to uniform statistical analysis.
We describe a new system, and show in detail the process
by which we evaluated the previously published variables
and developed the ELISA,

MATERIALS AND METHODS

Following standard nomenclature, we use aCL to represent antibodies to
cardjolipin and aPL to represent the whole spectrum of antiphospholipid
antibodies.

Preparation of cardiolipin micelles. Bovine heart cardiolipin (CL) (2 mg)
in methanol (Sigma Chemical Co., St. Louis, Missouri) was transferred
to a 10 ml conical glass tube. The CL was evaporated under a nitrogen
8as stream while being continuously mixed using a vortex. After complete
evaporation, the CL was redissolved in 0.5 ml of “‘wet’ ether and mixed
again, Physiological saline (NS) (pH 5.0) (0.5 ml) was added to the tube
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dropwise during constant agitation. The ether in the milky solution was
evaporated under a stream of N,. The tube was placed in an ice bath, and
the CL micelles were sonicated (10 am vibrations) for 3 min (1-min inter-
vals separated by 30-s rests), This preparation was finally diluted to 40 ug/mi
in NS.

aCL ELISA. Ninety-six well, polystyrene, flat bottom microtiter plates (Nunc,
Gibco, Burlington, Canada) were precoated with 100 pl/well 1% protamine
sulphate for 1 h at room temperature (RT). After plates were washed with
distilled water (dH,0) 4 times, 100 plfwell of 40 ug/ml CL micellar solu-
tion was added and the plates were incubated overnight at 4°C. Immedi-
ately before use, the plates were washed as above and blocked with 2.5%
heat inactivated, filtered horse serum (HS) (Gibco, Burlington, Canada)
in normal saline (NS). Blocking was carried out for 75 min at RT. Plates
were then washed with dH,0 containing 0.05% Tween 20 (Sigma Chemi-
cal Co., St. Louis, MO) and rinsed with dH,0. Test and control sera were
diluted 1/200 in 1% HS/NS/0.05% Tween 20 and added to triplicate wells.
The plates were incubated for 75 min at RT. After washing, urease con-
jugated rabbit antihuman IgG or IgM (D Biologicals, Mississauga, ON)
was diluted to a predetermined concentration in 2.5% HS/NS/T before ad-
dition to the plates. They were again incubated at RT for 75 min. Urease
substrate 620 (JD Biologicals), warmed to RT, pH 4.8, was added to the
washed plates and the optical derisities were read at 620 nm after 30 min
incubation using a V-max Kinetic Microplate Reader (Molecular Devices
Corporation, Palo Alto, CA).

Variation of antigen preparation. To determine the effect of antigen prepa-
rations on the quality of the assay results, 3 different methods testing 24
sera were compared. Each method used 96-well, polystyrene, flat bottom
plates. (1) CL in solution in methanol was diluted to 40 pg/ml in NS and
added to plates directly. (2) CL micelles were prepared as described above,
diluted and added to the plates directly without using a precoat. (3) Plates
were precoated with 1% protamine sulphate and CL micelles were then
added. The assays were all run as described above.

Proteins used for blocking and in diluents. CL plates were prepared as
described and various diluents were used for blocking, serum and enzyme
dilutions. Fetal bovine semm.(FBS) (HyClone Laboratories, Logan, UT),
horse serum and normal human serum (NHS) were all heat inactivated and
used for blocking the plates as follows: 2.5% HS/NS, 2.5% FBS/NS or
3% bovine serum albumen (BSA, fraction 5, Gibco Burlington, Canada)
in NS were added to the wells and the plates were incubated at RT for 75
min, Twenty-four sera were serially diluted from 1/100 to 1/3200 in either
1% (v/v) HS/NSIT, 1% FBS/NS/T or 1% NHS/NS/T and added in tripli-
cate to the wells for 75 min incubation at RT, Urease conjugated goat anti-
human IgG or IgM was diluted in either 2.5% HS/NS/T, 2.5% FBS/NS/T
or 3% BSA/NS/T and then added to washed plates which in turn were incu-
bated at RT for 75 min. The remainder of the assays were run as above.

Enzyme conjugated antihuman immunoglobulin reagents. Plates were pre-
pared and used as above except that 3 different enzyme conjugates were
evaluated: urease, horse radish peroxidase (HRP) and alkaline phosphatase
(Jackson Labs, BioCan, Mississauga, ON) (AP) conjugated antihuman IgG or
IgM were serially diluted from 1/2000 to 1/32000 and each was tested with
24 known positive and negative sera. Appropriate substrates were prepared
for each enzyme: urease substrate 620, pH 4.8, was warmed to RT; ortho-
phenylene diamine (OPD, Sigma Chemical Co.) substrate (0.2%) in citrate
buffer (pH 5.0) containing 0.015% H,0, was held in the dark af RT until
ready for use; 10 mg Sigma 104 phosphatase substrate (p-nitropheny] phos-
phate disodium) was dissolved in 10 m} 0.1 M sodium barbital (pH 9.8)
and then held in the dark at RT until ready for use. Optical density read-
ings were taken every 15 min at the appropriate wavelengths for each sub-
strate (urease: 620 nm; HRP: 450 nm; AP: 410 nm) for the first 2 h of
substrate incubation.

Washing solution variations. To determine the affect of Tween 20, 5 plates
were run, each with a variation in the washing solution. Tween 20 was intro-
duced into the washing solution at incremental steps in the assay: plate 1:

no tween used; plate 2: after the precoat; plate 3: after the CL coating step;
plate 4: after the blocking step; and plate 5: after the serum incubation step.

Optical densities were recorded after 20 min incubation with substrate,
and positive:negative ratios were calculated for each variation of the assay.
Specificity of the aCL assay. The specificity of the aCL assay was inves-
tigated by preincubations of test sera not only with irrelevant antigens, but also
with other phospholipids. The following antigens were serially diluted from
10 pg/ml to 1 ng/ml in NS: cardiolipin, phosphatidylinositol (PI), phos-
phatidic acid (PA) and phosphatidy! serine (PS), all in micellar phase; dsDNA
and ovalbumin. To each tube containing a concentration of one of the anti-
gens or diluent only, was added 5 pl of a known positive or negative serum.
The tubes were then vortexed, covered, and held at 4°C for 75 min. Samples
were added to CL coated plates and assayed as outlined above.

The cross reactivity of serum anti-CL antibodies with other negatively
charged phospholipids was determined by assaying sera with varying levels
of anti-CL IgG and IgM for antibodies against PS, PI and PA. Micelles
of each PL were prepared, bound to plates, then assayed as outlined above.

Prevalence of aCL in different clinical groups. To examine the clinical utility
of this antibody, a target population of women with unexplained recurrent
fetal loss was used. Sera were obtained from 25 healthy, nonpregnant volun-
teers, 47 healthy, pregnant women and from 62 women with unexplained
recurrent fetal loss, all between the ages of 18 and 39. The healthy preg-
nant and nonpregnant women had unremarkable obstetrical and gynecological
histories and no evidence of theumatological disorder including the phos-
pholipid syndrome when examined by a rheumatologist (CAL). The women
with unexplained recurrent fetal loss had a history of 3 or more losses in
the first trimester or 2 losses, with at least one loss occurring 14 weecks
or later in gestation, In addition, none had evidence of anatomic, hormonal
or genetic abnormalities that might account for the recurrent fetal losses.
There was no significant difference between the mean ages in any group.

Sera from all subjects were serially diluted from 1/100 to 1/3200 and
were assayed for aCL. Statistical significance of the data was determined
using receiver operator characteristics (ROC) curve analysis to account for
the nonparametric nature of the population distribution of this antibody.

RESULTS

Effect of antigen coating on aCL assay. Figure 1 shows the
differences observed with variation in the preparation of CL
used in the antigen coating step in the ELISA. The figure
shows the results of 2 representative positive and negative
specimens that clearly showed the differences between the
antigen preparation steps. When detecting either aCL IgG
or IgM, the use of protamine sulfate as a precoat and CL
in micellar phase consistently resulted in a better differenti-
ation between a positive and a negative result, Although the
use of the protamine sulfate increased the background read-
ing in the IgG assay, the increase in the OD of the positive
specimens was far greater than the small increase in non-
specific binding. In addition, the plates bound with prota-
mine sulfate and CL micelles were stable if held covered at
4°C for 2 weeks (data not shown).

Effect of different proteins used in blocking and in diluents.
Figure 2 shows the results of 2 of the 24 sera tested in the
IgG aCL assays using the various diluents. The IgM aCL
assays gave similar results with the various blocking solu-
tions used (data not shown). The use of 3% BSA/NS solu-
tion in the blocking step and in the enzyme dilution buffer
led to unacceptably high background binding (solid lines,
Figures 2A and B). However, the use of HS/NS as the dilu-
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Fig. 1. Comparison of antigen binding techniques. Positive (clear bars) and
negative (solid bars) sera were tested for aCL 1gG and IgM using plates
coated with (A) CL in chioroform/methanol evaporated directly onto the
plate; (B) CL micelles in physiological saline bound to the plate during
overnight incubation; (C) plate precoated with protamine suifate, then CL
micelles in physiological saline were bound to the plate during ovemight

incubation,
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tion buffer decreased background binding even in the BS
blocked plates (dotted lines, Figures 2A and B). Althou,
blocking with HS/NS decreased nonspecific backgrou:
binding, the presence of BSA in the enzyme dilution buff
negated any benefit of such blocking (solid lines, Figur
2C and D). The critical step appeared to be the use of HS/!
or NHS/NS in the serum and enzyme dilution buffers
minimize nonspecific binding (dotted lines, Figures 2C a
D). The use of FCS in either the blocking or dilution buffes
led to more nonspecific binding than either HS/NS
NHS/NS solutions but still less than the BSA (data n
shown).

Comparison of enzyme conjugates. Three different enzyr
conjugates were compared for sensitivity and specificity
the aCL assay. Urease conjugates resuited in the greate
assay sensitivity with least nonspecific binding activity (d

" not shown). The least effective conjugate in this micell

ELISA was alkaline phosphatase which, although reacti
at 30 min, required a 23 h incubation to achieve the positi’
OD results comparable with the urease conjugate after !
min incubation. HRP reacted as efficiently as urease but h:
higher background binding and a lower positive reading f
the positive specimens.
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Fig. 2. Effect of different diluents used for blocking and enzyme steps in aCL IgG assay. Triangles represent
a positive serum specimen; circles represent a negative serum specimen. Solid lines show results when enzyme
is diluted in 3% BSA,; dotted lines show results when enzyme is diluted in 2.5% horse serum, Figures 2A and
B show results when BSA is used as a blocking agent; Figures 2C and D show results when HS is used as a
blocking agent.
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Tween 20 in the washing solution. Figure 3 shows a series
of histograms representing positive and negative values of
aCL IgG obtained when Tween 20 was introduced into the
assay washing solution at different steps in the assay. In no
case did the addition of Tween 20 decrease the assay sensi-
tivity below that observed in the absence of Tween 20. In
contrast, the binding of the negative specimen was decreased
by the Tween 20. The. results indicate that assay sensitivity
was increased by the addition of Tween 20 to the washing
buffer providing this occurred after the binding of CL anti-
gen to the plates or after the blocking step. Institntion of a
Tween 20 supplemented washing buffer before either of these
steps compromised assay sensitivity.

Specificity of the aCL assay. Both positive and negative sera
were preadsorbed with 6 different antigens: CL, P, PS, PA,
dsDNA and ovalbumin. The results of an adsorbed positive
serum are shown in Figure 4. As shown in Figure 4B, there
was no crossreactivity between 3 other phospholipids (PI,
PA and PS) and the aCL antibodies in this serum, because
preadsorption did not decrease aCL IgG levels detected in
the assay. Figure 4A shows the affects of preadsorption with
dsDNA, ovalbumin and CL. No crossreactivity with either
dsDNA. or ovalbumin was found as indicated by their failure
to inhibit aCL antibody binding. Only preadsorption with CL
micelles reduced the binding of aCL IgG in this serum.

e 204 .
§ 8 2 8
£ £
8 BB o2 s
® b 52 83 @
a g 25 28 g5
[} H.. -0 k] -0
°Q 5 =3
c S0
3 1.04 . g @4
© = &
o
& 2
<4
2
€
<
(0]
K=y

f=2
1

Step In ELISA at which
Tween is introduced into Washing Solution

Fig. 3. Bifect of Tween 20 on IgG aCL detected. Open bars Fepresent positive
scra; solid bars represent negative sera.
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Fig. 4. Adsorption of aCL with different antigens. Figure 4A: serum
adsorbed with dsDNA ( ), ovalbumin (—— ——), and cardiolipin
(e ). Figure 4B: serum adsorbed with PI (A), PA ({J) and PS (®).

aPL specificity. We tested a panel of sera not only for aCL
but also for antibodies which bind to PS, PI and PA. Table
1 displays the results of this experiment. These data indi-
cate that it is possible for an individual to have either anti-
bodies directed against a variety of PL or perhaps polyspecif-
ic antibodies detecting a common binding site.

Occurrence of aCL antibodies in different reproductive
groups. The upper limit of normal was calculated for each
antibody class using ROC curve analysis!!. Results for each
group tested are shown in Figure 5. At a serum dilution of
1/200 (determined as the most discriminating dilution fac-
tor by the ROC analysis) no healthy women displayed aCL
binding at an OD greater than 0.2. Healthy pregnant women
had some IgM and IgG aCL antibodies (5/47 and 8/47,
respectively) above that upper limit of normal. In the group
with unexplained recurrent fetal loss, 16/62 (IgM) and 14/62
(IgG) were above the upper limit of normal.

Table 1. Comparison of aPL antibodies detected in 7 different sera

Patient
Antibody Detected 1 2 3 4 5 [ 7.
aPS IeG - - + + - + 4 -
igM + - ++ + + + -
aPl 1gG - - + - - - ~
IgM - ++ - - + - -
aPA " IgG - ++ - bt +
IgM + + ++ -+ ++ +++ + -
aCL IgG -+t 4 T -
IgM ++ o+ I G + - -

Symbols represent the level of antibody detected directed against each phospholipid (OD @ 620 nm).
—:0D < 0.200; + : 0.200 < OD < 0.500; ++ : 0.500 < OD < 1.000; +++ :1.000 < OD < 1.500;

++++ : 0D > 1.5000.
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DISCUSSION

Since 1983 a number of different assays have been reported
for the detection of aCL antibodies and due to variation in
the methods and analyses, controversy still remains as to the
prevalence and significance of this autoantibody®. We have
attempted to clarify some of the problems by establishing
a specific and sensitive ELISA and evaluating the various
steps described by others.

CL micelles, used and recommended by at least 2
groups”®, were superior in differentiating antibody levels
to the CL evaporated from methanol and/or chloroform
solution which most assay systems use”s, We found that
plates coated with micelles are stable for 2 weeks at 4°C,
an advantage not previously described.

At least one investigator attempted to overcome high back-
ground binding by subtracting nonspecific binding values
(from plates not coated with antigen) from specific binding
values (from plates coated with antigen)®. This system
sometimes resulted in overall negative OD and the conclu-
sion that the correction factor was ‘‘most significant for (but
not limited to) sera with levels less than the mean plus 5 stan-
dard deviations for a normal population.’” Reports like these
highlight the difficulty of optimizing the sensitivity and speci-
ficity of assays for aCL antibodies. Assays have been
described using a variety of blocking solutions to minimize
nonspecific binding. Harris, et @/ first used gelatin in their
radioimmunoassay (RIA) but later discovered that both gela-
tin and BSA interfered with their results’®!2, Even so,
investigators are still using those blocking agents in their
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Fig. 5. Frequency of aCL IgG and IgM in 3 serological groups. Dots
represent individual values in each category.

assays’2, Manoussakis reported that whole adult animal
serum appeared to give the best results (lowest backgrounds)
and BSA had a detrimental effect when negative sera were
tested?. Our results concur with those findings; we found
HS to be superior as a blocking agent. Although NHS was
as good, its availability, cost and possible infectious hazards
make it a less desirable choice. -

The use of an ELISA rather than an RIA has obvious safety
advantages, and interestingly, the enzyme conjugate that we
selected as the most appropriate is also the safest of the 3
conjugates we compared. Urease conjugates were best at
differentiation of positive and negative sera and had a faster
reaction time than the alkaline phosphatase conjugate used
by most others23.42-16, The substrate for the urease conjugate
is nontoxic in contrast to the substrates for both AP and HRP
conjugates.

The use of Tween 20 in the washing and diluent solutions
in aCL assays has been avoided in previously reported
methods!?. This may have been due to either negative or
negligible effects observed with its addition in the first wash-
ing step directly after the CL is bound. Alternatively, Tween
20 may interfere with CL that has simply been evaporated
onto a microtiter plate. Our investigations support the work
of Cheng and Yap'® and show that the addition of Tween
20 before the blocking step makes no difference to the assay
results. However, its use after this step increases assay sen-
sitivity considerably by reducing background or nonspecific
binding, providing the antigen is bound to the plate in micel-
lar form. ’

The crossreactivity of some aCL, aPL and anti-DNA anti-
bodies has been widely described and is due to the shared
phosphate backbone structures of the antigens?$.19, We were
able to identify sera with aCL IgG that did not crossreact
with DNA and this has been noted by other investigatorss”.
Some sera tested for antibodies against different PL were
reactive with different combinations of negatively charged
PL: these could represent either one polyspecific antibody
or several monospecific antibodies. Experiments are cur-
rently underway to evaluate these hypotheses, but a discus-
sion of the preliminary results is beyond the scope of this
report. .

The problem of determining an appropriate cutoff point
for the upper limit of normal has been addresséd by a num-
ber of statistical methods: raising the level to 3 or 5 SD above
the mean in order to reduce to acceptable the number of nor-
mals with a positive value or using the percentile method
to establish the OD above which only 2% of normals are
positive?-5:13, Several investigators have observed that nor-
mal values for aCL antibodies are positively skewed and
therefore nonparametric analysis should be used to establish
a confidence interval'3.142, We support the observation that
the data are not normally distributed and find that ROC curve
analysis provides a reliable cutoff level for both antibody
classes!t. Our-aCL results are given as the number of sera
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with OD > 0.200 at a dilution of 1/200. This represents
not only the mean plus 2 SD of our normal population, but
is also the best cutoff point suggested by ROC analysis. ROC
analysis takes into account both the sensitivity and specifi-
city of this antibody in differentiating healthy and patient
populations and its nonparametric distribution. Based upon
this method, we are confident that the 10.6% of our healthy
pregnant women we found positive for IgG aCL is a represen-
tative and reliable figure. It is important to note the varia-
tions of positivity in the group with unexplained recurrent
fetal loss and the healthy pregnant women. If we changed our
upper limit of normal to 3 SD above the mean as Cowchock
proposes*, we would find 8.5% of our healthy controls and
29% of our group with unexplained recurrent fetal loss posi-
tive for aCL. If we changed our upper limit of normal to
5 SD as recommended by El Roiey, we would find-2.1%
of our healthy women and 21% of our group with unex-
plained recurrent fetal loss positive. By altering our upper
limit of normal, we find our control results more in line with
published reports, but we have not altered the degree of posi-
tivity or increased the sensitivity of this antibody in differen-
tiating the 2 groups. Between 19 and 21% more women in
the group with unexplained recurrent fetal loss are positive
for aCL than healthy pregnant women. We are proposing
from the results of this studythat more women with unex.
plained recurrent fetal loss have 1gG aClL than women
without a history of reproductive failure, and this is well illus-
trated, regardless of the cutoff point selected for this
antibody.

Like others we find the levels of IgM aCL not significantly
different regardless of clinical classification, and feel that
it may indeed be a “‘relatively nonspecific finding’’22.22,
Indeed, Vaarala stated that it is important to realize that these
antibodies occur very frequently in a wide variety of uncom-
plicated infections'%. For example, although none of our
nonpregnant control sera was positive for aCL, we found
IgM aCL not only in women with unexplained recurrent fetal
loss (14/62 or 22.6% IgM), but also in healthy pregnant
women (8/47 or 17.0% IgM). Based upon our observations,
this antibody conld not be used as a sole entry criterion for
therapeutic intervention in the hope of improving pregnancy
outcome.

It has been reported that there is not only interlaboratory
variation in aCL determination, but also day-to-day varia-
tion between results in the same laboratory®. Therefore, the
decision to include a patient in an experimental therapeutic
protocol based solely upon the presence of antibodies to CL
becomes a difficult one. With such evidence available, it
becomes obvious that extreme caution must be used in bas-
ing any clinical decisions on the presence of this antibody
alone. We agree with Harris that the problem of evaluating
the prevalence and significance of aCL antibodies will rernain
until all interested groups agree upon a standardized test with
proven sensitivity and specificity. The assay methodology

we describe is novel in its use of CL micelles, urease con-
jugates, horse serum and Tween 20. It also offers the advan-
tages of stability of prepared plates, speed of reaction time,
low background binding, and negligible toxicity of reagents
in comparison to previously described systems.
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ANTI-CARDIOUIPIN ANTIBODIES IN ACUTE HUMAN PARVOVIRUS 819 INFECTION. CA
it} in, University of Toronlo, Toronto, ON, Cenada.
Antl-cardivlipin antibodies (aCL) hove been associated with o number of conditions including
ic kipus eryth hrombos topenia and fetalloss. aCL have
also been reported to oceur very frequently in conjunction with a number of uncomplicated
infeclions and with HIV.
As part of an ongoing study regarding the effects of human parvovirus B19 infection, we
examined 91 sera from patients with logical evi of acute (igh positive),
(IgG positive) or no B1S infi for the of IgG aCL. Elghty-five percent of patients
with acute B19 infection had ¢l IgG aCL ¥ 10 30.8% of sera and
6.5% af sera from those who have never had B18 infection. These differences were statistically
significant (acule ve. never infected, p<0.00001; acute vs. convalescent, p<0.05). The levels of
anti-B19 positivity were not correlated with the levels of IgG aCL {r=-0.02), indicating that the
aClL are not just a result of polyclonal Bcelt activation,
818 infection has already been associatad with anti-DNA and anti-lymphocyte antbodies and
ient rh i positivily. This is the first report of the production of aCL during B19
infection, and it confirms tha devel ofa belini i condition with
B18. Ralso auds to the growing body of evidance that 818 infection should be ruled out when
a patient presents with sudden onset ic poly is and i itvity which
might otherwise suggest a diagnosis of early RA or SLE.
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ANTIPHOSPHOLIPID ANTIBODIES FROM PATIENTS INFECTED WITH HUMAN Btg
PARVOVIRUS HAVE SIMILAR SPECIFICITY AND CO-FACTOR DEPENDENCE TO THOSE
FOUND IN SLE PATIENTS. it
S Waloont. Rheumatology Unit & Virology Dept.”, Royal Postgraduate Medical School, Du
Cane Road, London W12 ONN, UK.

Ralsed levels of & number of auloantibodies characleristic of SLE, such as anti-dsDNA, anti-
lym}?hocyxe antibodias, aCl. and ANA , as well as clinical manifestations such as Anthralgia,
ras| i,

N ylop . fetal e and hypc i ia, have beon
described following human B19 parvovirus inf We of anti-
phospholipid antibodies against, pin (aGL), phosphatidylserine, (aPS) and
phosphatidylathanclamine, (aPE) in the sera of 12 patiants {ollowing B19 parvovirus

infaction (Gp.1), 10 pationts with other viral infections (Gp.1h, two of aach with CMV, Hep-A,
EBV, VZV, Rubella), and in 15 syphiliic patients (Gp.H). For aCL, lovels wore raised in,
6/12(50%) of Gp.1, 2/10{20%) of Gp.l, and in 7/15(47%) of Gp.lll patianis; for aPS lavals ware
saised in 10/12(83%), 6/10(60%), 8/15(53%), and for aPE lavels ware ralsed in 112(8%),
2/10(20%), and in 9/15(60%) pationts respectivaly,

For the lgG isotype, a significant diffacence In, mean (&1 SEM) lavels, was scen for aCL.
betwoen Gp.l (20,2047.88 units) and Gp.ll (7.7624.92, 2=-2.143, p<0.0162), for aPS
belwoen Gp. (13.96:3.5) and Gp.ll (5.91£1.79, =-1.846, P<0.0329) , and for aPE belween
lavals In Gp.JIl {63.41£17,15), and boih Gp. (7.28£3.11, 2=3.8067, p<0,0001), and Gp.i
(6.74£2.07, 223.72, p<0.0001) favels. When the olfects of the &CL cofactor {B,-GPI) on the
hmqing of 156G aCl were compared between the 8 patient groups and to a group of 11 SLE
palients, no significant difference was lound In the number of patlents showing enhanced
binding, hetweep the Gp.| (8/12, 66.7%) and SLE (6/11, 54.5%) pationts, whareas this
differance was significant batween Gp.) and Gp.li (2/10, 20%) or Gp.lil (1111, 9.1%) patients
respeciively (p<0.034, p<0.007), as wall as batween SLE and Gp.ilf patlents {p<0.03).

Qur resulls Indicate that 2PL prevatence in B19 parvovitus infected patiants Is of similar

y and cofactor dep to that rep for SLE but different from that found in
syphilis and other viral Infections.

ACR Abstract Session 67, Cytokines
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ENHANCED DEGRADATION OF ARTICULAR CARTILAGE IN FLARES OF
ANTIGEN-INDUCED ARTHRITIS IN MICE: DIRECT EFFECT OF IL-1 ON

CHONDROCYTES. P

n i Dapartment of Rheumatolagy, University
hospital, 8525 GA Nijmegen, The Netheriends.

Botween waek 3 and 5 of a mild form of antigen-induced arthritis

{AlA) the articular cartilage matrices are fully recoverad from the arthritic
insult. Injection of low amounts of the antigen {(mBSA) into the affected
knee joints caused a flare-up of the smouldering inflammation and a rapid
and major loss of cartifage proteoglycans (PGs). Injection of neutralizing
antibodies against TNFa (V1Q) 1 hour before flare-up induction had no
effsct whereas Injection of anti-IL-1{z+ &) antibodies markedly ameliorated
the flare-up related cartilage destruction. The latter was validated by
treatment of mice with human IL-1 receptor antagonist. IL-1 was clearly
demonstrated in wash-outs of joints using a bioassay and immunohisto-
chemicelly on whole knee joint sections taken between 1-6 hours of the
flare-up. Injaction of iL-1 mimicked the antigen-induced flare-up reaction,
1L-1 caused 3 30-50% enhanced b Jown of *SO,.prelabeled PGs, 24
hours after i.a. injection and this was clearly visible on safranin-Q stained
knee-joint sactions. IL-1 injected into naive joints resuited in 10-15% loss
of PG which could not be seen by histology. Treatment of mice with anti-
5C6 antibodies prevented the integrin mediated influx of granulocytes but
injection of IL-1 still caused cartilage depletion, Additionally, in vitro
chalienge of arthritic repair cartilage with IL-1 resulted in enhanced PG
breskdown (19%) compared to cartilage of the normal contralateral joint.
For this, IL-1 plays a pivotal role in the antigen-induced flare-up of chronic
arthritls and cartilage is more prone for IL-1 effects in the repair phase.

$400
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EXPRESSION OF A SOLUBLE INTERLEUKIN-1 RECEPTOR CDNA IN RABBIT
SYNOVIAL CELL-LINE (HIG-82) IN VITRO RESULTS IN BLOCKADE OF
INTERLEUKIN-1 STIMULATED STROMELYSIN MRNA UP-FAEGULATION.

Fuad Mobraban, Sriram Kastur. Case Westam Reserve University, Department of
Maedicine, 10800 Euclid Avenue, Claveland OH 44106,

i Interleukin-1 {IL-1) is involved In the up-reguiation of matrix
metalioproteases (MMP} in carfilage and synovium. These enzymes are involved in
cartilage degradation in theumatoid arthritis (RA) and osteoarthritis (OA). In this sludy
we tested the possibility of blocking IL-1-atimulaled MMP expression by | ion into a
rabblt synovial cell-line (HIG-82) of an 3n vector ining & synthatic cONA
encoding the extraceliular domain of the human chondrocyte typs-1 iL-1 receptor {IL-1R).
Mothods: A 1 Kb cDNA encoding the ligand-binding domaln of human chondrocyte

type-1 IL-1R was synth d using the pol chaln lon (PCR). PCR primers
were dasigned such that the amplified inedthe lational start codon,
and a siop codon before the domain The cONA was
cloned, sequenced, inserted directionally into an exp vactar, and fected into

HiG-82 cells. Control cells were transtectad with vector only. Medium from stable
transfectants was tested for soluble IL-1R (s!L-1R) using a "BIL-1B binding assay.
Confluent cullure ofa clone producing siL-1R was stimulated with IL-18 (0, 0.2,1 ng/mt).
ANA was made, Northern blotted and probed with P-cDNA for rabbit stromelysin,
Results; Expression of iL-1R ‘ domain cONA in synovial cells resulled in
appearance of "I-IL-1B binding in the medium indicative of lon of siL-1R. Cslls
transfected with vector alone did not produce siL-1R . Expression of siL-1R by synovial
cells in.vitrg abrogated both basal and IL-18 stimulated stromelysin mRANA expression.
HIG-82 cells or calls transfected with emply vector expressed stromelysin mRNA.
Canclusion: Genetic modification of joint tissue resutting In expressionof sIL-1R blocks
1L-1-stimulated MMP expression, and may be baneficlat as a therapeutic modality in
amelioration of IL-1- mediated cartilage degradation in arthritis,
Supported by NIH grant AR-20618.
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Interlenkin-1f Converting Enzyme Inhibition Blocks Progression of Type XI
Collogen-Induced Arthritis in Mice. Matthgw W. Harding, George Ku, Ted Faust,
Linda L. Lauffer and David J. LivingstonVgltex Pharmacenticals Incorporated, 40
Allston Street, Cambridge, MA (2

IL-1B is 2 principal mediator in the Pathogenesis of inflammatory disease. The IL-1p-
converting enzyme (ICE) is required for p ing of the 31 kDa IL-1§ precursor to
generate proinflammatory mature 17 kDa JL-18. ICE inhibitors may therefore have
hesapeutic benefit in rh id arthritis, osteoarthritis and other inflammatory
diseases. We investigated the effect of two irreversible peptidyl ICE inhibitors, VE-
13,045 and VE-16,084, on 1L-1 production in vitro and in vivo in acule and chronic
inflammatery discase models, In vitro, VE-13,045 and VE-16,084 inhibited IL-1p
secretion by LPS-sti d human adh lear cells {(ICs0's of 0.4 pM
and 2.0 uM, respectively) and murine splenic monocytes (ICsq's of 10 uM and 1.3
uM, respectively). VE-13,045 and VE-16,084 also inhibited LPS stimulated L-1a
secretion, although with reduced potency. In vive, a single intraperitoneal dose of
VE-13,045 (50 mp/kg) administered to mice 30-75 minutes after LPS (40 mg/kg)
reduced L-1p and IL-la serum levels by 25-80%. In a mouse model of Type 11
collagen-induced arthritis (CIA), prophylactic treatment with VE-13.045 (50 and 100
mg/kglday) significantly delayed the onset of inflammation, with a 60% overall
reduction in discase severity. VE-13,045 was more effective than either indo-
methacin (2 mg/kg/day) or methy] prednisolone (10 mgfkg/day). VE-13.045 was
also_effective in reducing inflammation and progression of arthritis when
administered to mice with established CIA.  Histological analysis of wrist joints
shows a reduction in synovial b damag cell infiluation and
fibrosis, and cartilage erosion in VE-13,045-treated animals. The cfficacy of an ICE
inhibitor in CIA suggests that ICE is an impont target for design of novel unti-
inflammatory or disease modifying anti-theumatic drugs,

infl

1483

MODULATION OF PROINFLAMMATORY CYTOKINE RELEASE IN RHEUMATOID
SYNOVIAL MEMBRANE CELL CULTURES WITH AN ANT! TNFa MONOCLONAL:
COMPARISON WITH BLOCKADE OF IL-1 USING THE RECOMBINANT IL-1 RECEPTOR
ANTAGONIST. i ini

Kennedy Institute of Rheumatology, Sunley Division, Hammersmith Londen, W6 BLW, UK.

Although there is an ive I on eylokine regulation using human cell Jines in virro,
little is known sbout cytokine regulation within inflammatory tissuc in vivo. Previously, we
d d that in th id synovial cullures, a complex, but pahophysiological
relevant mixture of cells, the oddition of 8 neutratising anti-TNFa. antidody inhibited the production of
EL-1 and GM-CSF, indicating ihe presence of a cytokine ‘cascade’ in this inflammatory tissue,

In thix sepoct we were interested to determine whether this cytokine cascade in theumatoid synovial
tissue also extended 10 [L-6 and IL-8. ‘Thus the cffect of blocking endogenous TNF bioactivity on
cytokine production in dissociated RA synovial cells (n=10) was determined using the
chimeric 2nti-TNFa antibody (cAg) 2t 2.5ng/mt and compared with the effects of blocking endogenous
IL-T activity using the the IL-1 (D~ra)at] We confi that blockade of TNF
activity inhibited 1L-1 production (p<0.022 &t day 5) but that within the ILe] fomily it was B-18 in

particular which is down reg 5 y we di that the cylokine interactions xc

idirectional, in that lisation of TNFox blocked I~ 10 prod whereas TNFa production was
not modulaied by the IL-1 receptor st (0-1r). The of either I+ or IL-8 produced in
nanogram amounts throughout the cuhure period were d d by the lisation of either

TNFa or IL-1, Thus by day five, [L-6 production was reduced from 761 = §45 ng/mi to 462 & 365
ng/ml with cA; (p<0.008) and 10 461 £ 297ng/mt with IL-1ra { p<0.019). Further additive ellects were
obeerved when both ists were ined {p<0.008), y for 1L-8, conwrod cultures levels
were reduced from 840 610 ng/mi to 510 £ 370 ng/mi with cAz ( p<0.006), and to 623 505
ng/ml with D-lra (p<0.041). Both antagonists together further reduced IL-8 Jevels (p<0.008), Tiese
resulis suggest a mechanism for the p d anli-j y effects and quent clinical benefit
noted recently in a clinical trial of RA patients using a chimeric anti-TNFo antibody.
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10:00 Introduction: Stanley J. Naides, MD.
University of Iowa, Iowa City, IA.

10:30  1475. The role of hepatitis C virus in
cutaneous vasculitic lesions in patients with
type Il mixed cryoglobulinemia. V Agnelio.
Burlington and Bedford, MA.

10:45 1476. A prospective case-controlled study of
the prevalence of hepatitis C virus-related
cryoglobulinemia at an inner city hospital.

G Kerr. Washington, DC.

11:00  1477. Persistent infection of human
parvovirus B19 and arthritis. T Sasaki.
Sendai, Japan.

11:15  1478. Anti-cardiolipin antibodies in acute
human parvovirus B19 infection.
CA Soloninka. Toronto, Canada.

11:30  1479. Antiphospholipid antibodies from
patients infected with human B19 parvovirus
have similar specificity and co-factor
dependence to those found in SLE patients.
S Loizou. London, United Kingdom.
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10:00  1480. Enhanced degradation of articular
cartilage in flares of antigen-induced arthritis
in mice: direct effect of IL-1 on chondrocytes,
FAJ van de Loo, OJ Arntz, PLEM van Lent and
WB van den Berg. Nijmegen, The Netherlands.

10:15  1481. Expression of a soluble interleukin-1
receptor cDNA in rabbit synovial cell-line
(HIG-82) in vitro results in blockade of
interleukin-1 stimulated stromelysin mRNA
upregulation. F Mehraban and § Kasturi.
Cleveland, OH.

10:30  1482. Interleukin-1j converting enzyme
inhibition blocks progression of type II
collagen-induced arthritis in mice.

MW Harding, GKu, T Faust, LL Lauffer
and DJ Livingston, Cambridge, MA.

10:45  1483. Modulation of proinflammatory cyto-
kine release in rheumatoid synovial mem-
brane cell cultures with an anti-TNFo, mono-
clonal: comparison with blockade of IL-1
using the recombinant IL-1 receptor
antagonist. FM Brennan, DM Butler,

RN Maini and M Feldmann. London, UK.

11:00 1484, Potential clinical relevance of the
mechanism of inhibition of immune function
by the mouse /human chimeric anti-TNFo
antibody, cA2. MR Dalesandro, CS Kinney,

B Frederick, RE Jordan and J Ghrayeb.
Malvern, PA.

11:15  1485. Inhibition of NF-kB nuclear trans-
location and TNF-o gene expression by
a novel adenosine Ag receptor agonist.
TL Bowlin, CD McWhinney, DR Borcherding,
CK Edwards, PF Hoffman, L Watts and
JA Wolos. Cincinnati, OH.

11:30  1486. Effect of IL-10 on murine SCW arthritis:
role of TNF and IL-1 in joint inflammation
and cartilage destruction. LAB Joosten,

MA Helsen and WB van den Berg. Nijmegen,
The Netherlands.

11:45  1487. Variable transgenic expression of
tissue inhibitor of metalloproteases-1 by
synoviocytes and chondrocytes in vitro.

D Vallance and B Roessler. Ann Arbor, ML,
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ANTI-CARDIOLIFIN 1gG IN WOMEN WITH RECURRENT FETAL LOSS. C.A. Soloninka, C.A
Kin,

rdier, D, Wong, K A_Soifzer, 1.J. Fielding. Unwersity of Toronlo, Toronto, ON,
Canada.
Wormen with systemic lupus eryth sus {SLE) freq ly exgeri fetal loss
(RFL), which has been i with the of anticardiclipi ibodi

(aCL}). it has been prop thataCL or a ci g may be a marker or even d
causative agent for RFL in women without SLE. As a result, many clinicians are routinely
screening for this antibody and trealing prophylactically with prednisone or heparin andior aspirin
an the assumptions that aCL Is both slrongly prevalent and a significant risk factor in this
population of women with RFL. However, our investigations do not support these assumptions.

We evalvated 1185 women (700 with unexplained RFL, and 485 contrels) for the presence of
196 aCL, using 3 different assay systems over § years Only 3.9% of the RFL population and
4.5% of the controls were pasitive for 19G aCL, giving a sensitivity for this antibody of 0.39, and
a specificity of 0.95,

We then surveyed 185 publications in a literature teview, and selected for comparisen only
those which e prop y d aCL 19G resuils in identically documented
women with unexptained RFL. We found 14 additionai studies which, including ours, totalled
2702 women with U-RFL. The IgG aCL was positive in 147 patients, a population prevalence of
5.4%. The sample sizes ranged from 35 to 700, and the 1gG aCL prevalences in the 14 studies
ranged from 0 o 17.1% using both in-house assays and commercial kits,

Based upon our own observalions with our unselected controls and our large sample of women
with U-RFL, and bya gh review of the § we propose that the prevalence
of ihis antibody in women of chitdbearing age is too fow to justity both the time and expense of
routine ing in a general ic population, F , thers Is scant evidence fo
support prephylactic treatment of those few normat pregnant women who do have clrculating IgG
ack.
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HUMAN MONOCLONAL ANTICARDIOLIPIN ANTIBODIES REACT IN YITRO WITH
ENDOTHELIAL CELLS THROUHG THE ADHERED LETA 2 GLYCOPROTEIN | AND
INDUCE ENDOTHELIAL ACTIVATION.Del Papa N, Guidali L, *Sala A, *Falce GC,
Kbumushts MA, %chikaws K. “Koike T. ‘Hayhes GRV, *Balestrieri G, ATinean] A, Meroni
L, Dep of Internal Medicine and “Pharmacalogy - University of Mitan. *The Rayne lustitute,
St Thams Huspital Lomdon. *Clinical Tiunumology - Spedali Civili, Brescia, *Bepariniin of Medicine
I, Hokkaidn Univessity, Suppore, Japan,

Objetive. To investigate whether human it ipi ibodi grising eryplic epitupe
en beta 2 glycoprotein 1{2GP1) ase able 1o seact with cndothelial cells 1n vitro, whether P2GP! plays any
role in this rezctivity and finslly whether the anfibody binding can affect cadothelial function.

Mellieds. Three human monoctonal autibodies fram paticnis with the antipbospholipid syndrome {APS), two
displaying « binding agitiast cardiolipin and yirsdiated B2GPl-conted plates and one without any reactivity,
have becn studied for: a)their binding o cadothelial cell cultured with and without bovine oc humae B2GPL,
b) their ability to induce or fate cell surface ion of E-selectin, [CAM-1 and VCAM-1, c) their

ability 10 stimwlale the seeretion of prowinh) y cytokines such os | in-6 (IL-6) and d) their
pability to affect p I ism meastred 35 6 Keto-PGF 1 & levels in the supeenatants.
Rezalts. The two | positive for anti iolipin and anti- BAGPT 2ceivity displayed # clear

endotheliol cell binding which declined on endothetiat cells incubated in serum.free medium 3nd it was

resiored aficr nddition of exogeoous human P2GPI in a dox dependent manner. The sntibody binding

induced the ex-novo expression of E-sclectin and VCAM-1 and up-regulated the presence of ICAM-L
the & jon of cadothelial ) jes sipnii

fecul with the dniibodi ficantly increased the 1L-6 and
6-keto-PGF 1a levels in the sup . The control did not display any endothelial rexctivity
and did not affect the (unctional parameters investigated,
Coactusions. Human i {rom APS patieats able to react with crypiic eprope on B2GPI

can recognize the plasma cofacior adhered on the endotbelial celf surface, Their binding tnduces an
i ivation in vitro as d by the d adhesion molecule cxpresuon and by
increased arachidonic acid metabolism and secrction of IL-6, Altopether these findings  suppont the
hypothesis that an endothelial cell surface binding leading 10 modulation of endothehsl  function can
represent one of the polential in vive path i ism for anti pholipid 2ntibodi
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EXPRESSION AND SITE-DIRECTED MUTAGENESIS OF HUMAN $2-GLYCOPROTEIN It
IDENTIFIGATION OF THE MAJOR PHOSPHOLIPID BINDING SITE.  Yongh &

Steven Krilig, D of Madicine, University of New South Wales, The St. George '
Hospital, Kogarah, NSW 2217, Australia, Andrei Sali, in Karplus, Department of
Chemistry, Harvard University, Ci idge, M. h 02138, USA.

fo-Glycoprotein | (B2-GP1), a serum protain with anticoaguiant propertles, plays a
vital role in the binding of the anti ipin (@Cl ibodies puritied from i

disease to cardiolipin (CL). A highly positively charged amino acid sequence, Lys282 - Asn -
Lys - Glu - Lys - Lys287, located in the fifth domain of f2-GP1, has been predicted to be
exposed on the surface of $2-GPI and to be the phospholipid binding site. In order to
determine the role of these residues in the binding of i5-GP! to phospholipid, we altered a
single amino acid Lys286 as welf as different combinations of Lys284, Lys286, and Lys287 to
Glu by site-directed mutagenesis and expressed the wild type and mutent ¢cDNAs in 2
baculovirus system. A single amino acid change from Lys286 to Glu resuted in 50%
reduction in both the cofactor activity of Ba-GP! for 2L antibodies binding to CL and in the
inhibition ¢f binding of iodinated native B2-GP1 lo CL activity compared to wild type Bo-GPL
However the mutant2k {Irom Lys286, Lys287 to Gluass, Ghu287), mulaniZk; {from Lys284,
Lys287 to Glu284, Glu287) and mutant3k {from Lys284, Lys286, Lys2B7 1o Glu284, Glu266,
Gluz87) possessed ri> colactor aclivity for binding ¢! aCL, antibodies to CL as well as no
inhibitory activity on the binding of iodinated native $2-GPl 1o CL. These resylis Indicate that
the residues Lys284, Lys286 and Lys287 are crilicat for $83-GPI binding o anionic
phospholipids.
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UPREGULATED EXPRESSION OF INDUCIBLE NITRIC OXIDE SYNTHASE IN SLE:
EVIDENCE FOR ACTIVATED ENDOTHELIUM. B. Michael Belmont David Levartovsky.

k R. Amip, M: uise Skovron, Jill Buvon, Ralph Giomo, J Redi teven B.
Abramson, Hospital for Joint Diseases/NYU Medical Center New York, N.Y. 10003; Res.
Dept., Pharma, Div., CIBA Corp. Summit, N.J, 0790}.

Nitric oxide (NO) has been implicated in the pathogenesis of a SLE-like illness in MRL-
Ipr/lpr mice. Therefore, we ined NO production in a ¢r tional study of 46 SLE
patients, Serum nitrates/nitrites (NOx), the stable metabolites of NO, were measured via the
Greiss reaction. Serum NOx levels were significantly elevated (37.4 & 5.5 uM) compared 10
healthy controls (15.4 £ 6.9 uM). Non-p ic analysis fed a significant (p<.01)
correlation between NOx and DNA (r=0.38). The correlation coefficient was 0.50 (p=.04)
between NOx and SLEDAL NOx fevels were significantly greater in patients with acrive SLE
(SLEDAI>5, n=9, 46.2  21.3 uM) versus inactive SLE (SLEDAI<S, n=10,29.9 + 20.7
uM). In order to identify the cellular source of NO production we obtained biopsies of
nonlesional, non-sunexposed skin from 8 SLE patients. NO synthase (NOS) expression was
d ined i ohistochemically using specific Tonal antibodies to inducible nitric
oxide synthase (iNOS) or to constitutive endothelial cell NOS (ecNOS). Expression of ecNOS
was not different for active versus inactive SLE patients or controls. In comirast, there was
markedly i d endothelial cell (EC) of INOS in SLE paticnts with active (nw5)
versus inactive (n=3) discase or controls (na=d). This is consistent with our previous report that

SLE disease activity i jated with i d EC expression of three distinct adhesion
molegules, ICAM-1, E-selectin, and VCAM-1 (A&R 37:376.83, 1994), These data indicate that
NO, a ized infl y mediator, is produced in excess in SLE paticnts and identifies

an uprcgu];wd iNOS isoform, induced in EC, as a potential source. This faner intriguing
finding supports the hypothesis that cytokine (and/or complement) acivated EC play a central
role in the development of vascular injury that characterizas SLE,
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TREATMENT OF IMMUNE-COMPLEX MEDIATED GLOMERULONEPHRITIS WITH C5
SPECIFIC MONOCLONAL ANTIBODY. YiWang, Qita Hu, Scott Refling, Joe Madrit, and
Louls Matis, Alexion Ph ical Inc., 25 Sci Park, New Haven, CT 06511,
toe of Pathalogy, Yale Uni y School of Medicine, New Haven, CT 06510
system are polent. mediators oJl inflammation

Activaled P of the pli
that may play an imp role in P
di including gk ) hritis in patients with systemic lupus erylhcmn‘losus. To

on In i 1 A +

ruionep

3 g 9
¢valuate the role of P plex mec *)
inflammation, we have utilized monoclonal antibodias {mAbs) that inhibit the complament
cascade at C5. These mAbs block the generation ol the major chemotactlc and
proinflammatory factors C5a and C5b-8, bul preserve the critical C3b-mediated
i ive and i qulatory funcli In this study, we demonstrate the
afficacy of C5 inhibition in the of fupus nephritis in NZB/INZW F1 mice and a rapid
progressive nephritis (RPGN) mode! induced in 81002/nSn mica by repeatedly
immunization with heterclogous protein. Systemic administration of the ann:CSmmAbs
effectively inhibited membrane attack plex (C! # in vivo and santly
i i i diated gk i heitis in both models, while animals

i g
Ireated with control mAbs developed r‘en_al failure ¢

and elevated serum BUN levels. H led that anti-C5

ly inhibited the ion of ,."" lial cre and Ih? ‘_1- )of. CDHP*
intl y cells into gk li. In contrast to plex m o
infl ion, the i immurie- 1 diated Arthus reaclion was only marginally

inhibited in the same Individuals treated with the anti-C5 mAbs at a dose sufficient to
successiully block RPGN. These findings suggests that the predominant pathway by which

an i plex initiales infl may depend on several faclors, such as the
fissue site of immune complax deposition, Our results provide persuasive evidence that
Cs-specific mAb therapy Is an effective approach for the { of various i

1 diated g! lonephrilides and d ta a critical role for activated
terminal i P ind pl diated tissue infl i

ACR Abstract Session 54, Clinical Aspects of Vasculitis
Wednesday, October 25, 1995, 2:15 pm—3:45 Pum
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CLINICAL FEATURES AND THERAPEUTIC MANAGEMENT OF SUBGLOTTIC STENOSIS IN
PATIENTS WITH WEGENER'S GRANULOMATOSIS.

) i ica, Nationa! institutes of
Health, Bethesda, MD 20892,

Subglotlic is (SGS)isap ially fife th ing fesion that occurs in approximately
20% of patients with Wegoner's granulomatosis (WG), We have lollowed 43 patients with SGS
at the NIH and report on thair clinicat characteristics and managemen.

The diagnosia of SGS was made a median of 12 months after tha onset of symploms of WG.
Six of the 43 pationts (14%) had dissase limited to tho upper respiratory tract; the romalning
37 (86%) also had involvement of 1 or mare major organ systems. Only 22 of 43 (51%)
potlents had active disonse oulside the upper respiratory tract at the timo SGS was
diagnosed. Twenty-one of 43 (49%) patiants were receiving immunosuppeessiva tharapy et
the timo their SGS was diagnosed and 18 of 43 (42%) patients required tracheostamy. Ten of
thess 18 patients (56%) required a trach y dospile iving af least 2 months of
systemic immunosuppressive thempy,

Since 1991 wo have treated 20 patients with SGS using an intratracheal glucocorticoid
injection and dilation procadure. Thirtean of these 20 patlents required systemic
immunosupprassive therapy for activa disease outaide the upper respiralory tract, The
remaining 7 patients had isolated SGS and ware treated only with intratracheal glucocoricokd
injoctian and dilation. Once beginning this local troalmeni, nona of the 20 patients roquired o

y and 6 trach placed prior 1o kocal trealment wero removed. In 113

p ck only 1 plication has d.
SGS is & manifostation of WG that can occur independ ly of ather feat of aclive
disease and is frequently ponsive 1o ici o iva therapy. SGS can ba

pimally managed using intratracheal injoction-<ilalk  and, in the abaence of othar
manifestations of active WG, does nat require systemic immunosupprassive therapy.

$§3%0
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CIRCULATING AUTOANTIBODIES IN WOMEN WITH UNEXPLAINED RECURRENT CONTRACEPTION IN SYSTEMIC LUPUS ERYTHENATOSUS. METHODS UTILIZED
PREGNANCY LOJSES: RESULTS FROM AN EVALUATION OF 783 WOMEN. BY FEMALE PATIENTS. Jorpe Siucher-Guerrere, Jusnita R -Disz, Marfli Mest

CA. Laskin, KA, Spitzer, C.A. Soloninka, C. Bombardier. University of Toronto, Toronto, Beraltsand Marls €. Cravisto-Galindo Instiuto Nacional de In 6n Salvador Zubirén.
Ontario, Canada. Meéxico,D.F.14000 MEXICO.

Utilizing a large population, we determined the ted preval of circulating A\m Dcsmbe mnm.uptxve methods utilized by SLE patients. Wethods: Cross sectional survey,
autoantibodies lnduding‘ butnol limited 1o, the lupus snticoagulant (LAC) and anti-cardiolipin S 291 ive SLE and 150 RA patients. Statisties: Chi-square,
g6 (aCL)in P loss Flslu-r extact-test Results: From 291 SLE patients (sgo 36.1+12.1 yra), 75 (25.8%) were

As part of a randomized clinical triml, we screened 783 wiomen with 2 or more pregnancy pastmesepausal, 52 (17.9%) bave not started sexual life yet, 41 (14,19%) cumrently do not have sexual
losses . byh i, genetic, orclinical ab lities for the faliowing activity, ad 12{‘;‘71(:3‘;;"")‘!’:"" Among 150 R&Fﬁ‘j‘f‘“’ (‘zg‘( i’g; 2 7.6yra), 23‘0(16’;)‘:”:‘ .
auloantibodies: ANA, anti-ss- and anfi-dsDNA (1gG and IgM), h postmencpausa 3%) have not started sexual life yet, ) curseally do pot kv sexus

oCL. Us aM), anti-lymphocyto Ight, LAC and sctivity, and 86 (57.3%) do have, Thirteen SLE and 6 RA patients used fovo methods simultancously,

385/783 woman (49%) had at least one circulating autoantibody. The LAC or aCL was No signifieast difesence cxivted betwoen both groups for any of the methods. Hormenal meihods were
positive in 136 (25%) of the sample although the LAC was far more prevalent (Table). Other usod in 9% of SLE 12d 4.7% of RA paticats.
autoantibodies were found In 24% of our population. None of the women displayed any Methods SLE RA
clinical manifestation of a connective tissue disease, 1 20(16.3%) 22(25.6%6)

Natural % X
Autoantibady % pos Local 30(24.4%) 15 (17.4%%)

(n=783} Intravterine device 23(18.7%6) 13(15.1%)

ANA 20.7 Combined eral 6( 4.9%) 3(3.5%)

Progestin enly pill 4 (3.3%) ]
Lymphocyte 152 jected combined 1( 085%) 1(1.2%)
55 DNA 8.1 Injected progestia 0 0
ds DNA 7.6 Tubal occlusion 31(25.2%) 21 (24.4%)

Vasectomy 5( 4.0%) 404.7%)
LAC 21.2 Nore 16 (13.0%) 13(15.1%)
aCl a6 38 Conclusion: Hi 1 methods are used infrequently armong patients with SLE sod

Based upon these resulls, we conclude that the LAC and aCL are two markers indicating RA. Alarge percentage of SLE and RA patients do ot follaw an efBicient coatrsceptive method, ovea
an immuna pathogenesis in women with plained recument p y losses. The when a1 least in SLE, pregancy is considered of high-risk.

of loss must therefore include a

comprehensive autoantibody panel to ensure Idemzﬁcat«on of all women who might benefit
from therapeutic intervention,
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PREGNANCY QUTCOME [N SYSTEMIC LUPUS ERYTHEMATOSUS (SLE} AND ANTI-NUCLEOSOME ANTIBODIES AS MARKERS FOR RENAL. DISEASE IN LUPUS
ANTIPHOSPHOLIPID SYNDROME (APS). Azucena Ramos, Guadalupe Veloz, Juan NEPHRITIS. Michele A. Tupchong, Joan Withar, David Hallett, Dafng O. Gladman. Rheumatic
GSarcla, Leoner Barile, Juan M. Miranda, Luis J Jara Rheumatology and Obstetrics Disease Unit, The Toronto Hospital, Unwmsrty of Toronto.
Departmenis. Centro Médico La Raza, IMSS, México City,02990, México, Pravious studies have d the of anti i {aNUCL) in
Thnrapy for the prevention of fetal loss in both SLE and APS remains controversial, || has pabents with SLE, however, their mlabonshlp o acm lupus nephritis has not been sxudted Our
welt that the pi ion of fetal loss is not a hundred parcent effective. objectives were to d ine the freq| y of el d levels of anti- in
In addilion, cumrent therapeutic protocols have a high morbility rate, SLE patients and to the clinlcal rel of these
Oblggwg To assess the maternal and fetsl outcomes in SLE and APS palients, 128 conseculive fupus patients assessed at the University of Toronio Lupus Clinic between
.. Batients and methods: We y studied 21 p in 8 SLE patients and Sopt-Dec. 1998 were enoliad In the study. In addition to the standard ciinical-laboratory
13 ARS (5 primary and 8 seeondarv to SLE), Palients wera seen In a multi-disciplinary ciinic prolocol, blood was drawn for measurement of IgM and IgG aNUCL and antl-dsDNA antibadies
by sh each month, Treatment : Group |. SLE patients, aCt by ELISA. Clinical aclivity was determined by the SLEDAI, a validated measure of disesse

negative: predniscne 10 mg plus low-dose aspidn. Lupus flares ware treated by increasing
prednisone dose. Group I 2° and 1°APS wilth history of at foast one fetal loss: Prednisone
40 mg/d for 4 weeks, the doss was then tappered 10 mg every 4 weeks, up to

activity, and activa renal diseasa was defined by the renal descriptors of the SLEDAL
Elevated lavels of aNUCL (igG, IgM), and anti-dsDNA (igG, IgM) were detected in: 30/128

A T (23%), 54/128 (42%), 33/128 (26%) and 29/128 (23%) cf patients respectively. There was no
Trintonance dose of § mg/d; 5,000 unis of heparin y each conelation betwsen high levels of aNUCL and_eal-§NA antbodies. The levels of
g after Ihe first month of pradnisone, and fow-dose aspitin was used autoantibodies n(sd)] for th 1 control M ients 4
theoughout the pregnancy. Results: The live birth rate increasad from 83% to 87% in group utoal Imeansd)} or the normal con Py s were:
I, and from 50% 1o 82% in group i1 A high Incidence of and fetal pati-nuclessome ant-dsDNA
was observed: prematurity (38%), fetal distress (44%), low birth weight (61%), lupus flares PATIENTS 196 oM 196 | dgM |
(30%), hyportension (16%), preterm membranes nuplure (11%), oligohydrammios (45%), Normal 216( 333) | 270 .8) 42.8( 37.8). | 333( 187
and heparin-related Injection site bruises (46%). Vertebral fractures were not found. We SLE 694 ( 79.6) 700 .5) 89.1{ 97.1) 54.8 { 49.9
studied ¢ placentas: 2 in Group 1, ond 7 in Group iL. All placen}a_s had low weight (< 450 gr), Aclive renal 130.9 { 158.9) 815(11385) 1 2084(271.1) 54.4( 34.7
infarcls and ct;;fvfuurqerrs Howavar, Group 11 p whibited more infarcts Elevaled levels of aUCL did niat correlate w I the SLEDAI, There was o low stalistically
seve levaled aNUCL ) and active fu ritis
MQ& fon: Both reatment modalities improved the live birth rates in our patients, in spite {p=0.054), There was no t " amms%%""”‘?_‘”!. nan: a::h:e J;:s mm:s
of a high incld of i and persi b lities. {p=0.24).
Thus, there is a trend 1o i ing fr of i

patienls with active lupus nephritis, however, further studies are required before deﬁnlhve
correlations can be made.

1638 1641
SYSTEMIC LUPUS ERYTHEMATOSUS AND PREGNANCY N GREEK PATIENTS, AUTOMMUNE THROMBOCYTOPENIA IN PRIMARY ANTI-PHOSPHOLIPID SYNDROME
Panaglotis €. Georgiou, Eudokia N. Politi, Vayia Sukka, Alexandros A. Drosos, AND SYSTEMIC LUPUS ERYTHEMATOSUS )
Department of Intemal icine, Medical School, University of | ina, Greece. X Ma A lsenberg, Depts Medicine/Hasmatology,

Objects To i d the recip ! relati botw p y and Unrvershy CDﬂGgﬂLDndon,W‘lP QPG,UK . o

ic lupus eryth {SLE). mbocylopania dua to ¢
Patients: Forty pregnant SLE patients (mean ags 24,3x2.5 years) with o lupus erythem (SLE) and p'}g“!“g anxmﬁ;&&m%?&rgﬁaf
9 p ies, B4 non SLE patients (mean ago 31.9%7.7) and 70 sustained responsa Is followed usuaﬂybysp&enectumy.

healthy pregnant controls {mean age 27.2£6.2) with 70 pregnancies were An of with SLE of PAPS was
included in this study. Al preg SLE pati were in ission”at the onset of pedormad on adul(s seen at UCHMIddlesex from 1978 to 1686, Severe Immune

pragnancy and were treated with prednisone (s 10 mg/day), hydroxychioroquine
{200 mg/day} or azathioprine (100 mg/day).

prosent It platelet counts were below 50x109/L on 2
consecutiva occas:ons with no other cause. Complete remisslon was defingd as platelet

Results: A) Effects of SLE on pregnancy: There were no differences regarding counts above 150x10 /Lfargmaler than 8 months. Anti antibody, ex ble nuclear
prematurity, or fatal Joss b SLE patients and control group. Of the antigen, . thoumate fach agg uugsndmm pid anibody ,f:{f"” d:xgg
69 SLE pregnancies, 36 {6§1%) werc dehvured a: term, 3 (5%) were pramature bone maTow 16 wore ol sought on o regfar basls, The Betlsh Isles bodia ot
deliveries, and 9 {16%} ended In 5p abortion compared ta §5 {78%), 14 Group (BILAGE)SWF e was used 1o record clinlcal disease actvity In SLE Lupus Assess)

{20%) and 3 (4%) respectively in the control population. None of the 38 neonates

pationds.
35 pationts with PAPS ware under raview. Of 200 patlanis th SLE followad for at loast 2

from SLE mothers had neonatal lupus, anti-Ro or anti-La antibodies. Increased titer years or untll death, 33 had thromb 47 had rilbadles and 13 both
of ANA was found In one neonate while decreased level of C, and C, in two of chamclaristics. 4PBUem8 with PAPS, 12 Wﬂh SLE and 1 with Tupus-ixe' disease (LLD) had
them. B) Influence of pregnancy on SLE: Eight of 40 pregnancies (20%) were savers i i3 3 PAPS, 8 SLE (3withaPL) and 1 LLD.

characterized by occurrence of a flare of SLE compared to 18 {35%j) in the non

Post splenedomy all palionts wilh PAPS and 6 with SLE gained complete remissicn witha
mean duration of 33 months {range 48-168) in tha lauer‘ Qne vith PAPS and 3 with SLE

pregnant SLE group, All flares In the pregnant group ded to prednl gained partial or with oral and did not requira splenactomy.

treatment. Arthralgias or arthritls, fever gnd skin lesions were observed more Anubody protile did nol change during foll ; aPL did not Infi There were

frequent in the pregnant SLE group compared to the contral group {p<0,001). tro and no aggravation or induction of more sevars disease in
Renal invoivement was found in two pregl p during p y and in althsrtm PAPS chLE group.

four immediately oftor that. _ Patients with PAPf? or SLE (wnh or \mthout aPL) can gain long term ramission or sevare

ytop after remain ‘first line’ treatment, modem

Conclusion: SLE doss not appear to influence the outcome of pragnancy, while Surgery. ics and 3 makmg S y safer and more viable for patients

pregnancy does not cause SLE to worsen.

who do not resoond.
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PREDNISONE AND ASPIRIN IN WOMEN WITH AUTOANTIBODIES
AND UNEXPLAINED RECURRENT FETAL LOSS

CARL A. LAskiN, M.D., CLaiRe BoMmBARDIER, M.D., MARY E. HANNAH, M.D., FRep P. MaNDeL, M.D.,*
J.W. Knox RitcHie, M.D., VERN FAREWELL, PH.D., DAN FARINE, M.D., KAREN SpPITzER, B.Sc., LYNDA FIELDING, B.Sc.,
CHRISTINE A. SOLONINKA, B.Sc., AND MARIA YEUNG, M.Sc.

ABSTRACT

Background Recurrent fetal loss has been well
described in women with antiphospholipid antibod-
ies. Such women also often have other autoantibod-
ies commonly found in patients with systemic lupus
erythematosus. Treating them with prednisone and
aspirin may reduce the risk of fetal loss.

Methods We screened 773 nonpregnant women
who had the unexplained loss of at least two fetuses
for antinuclear, anti-DNA, antilymphocyte, and anti-
cardiolipin antibodies and for the lupus anticoagu-
lant. Of 385 women with at least one autoantibody,
202 who later became pregnant were randomly as-
signed in equal numbers to receive either predni-
sone (0.5 to 0.8 mg per kilogram of body weight per
day) and aspirin (100 mg per day) or placebo for the
duration of the pregnancy. The women were strati-
fied according to age (18 to 34 years or 35 to 39
years) and the week of gestation at which the previ-
ous fetal losses had occurred (<12 or >12 weeks).
The primary outcome measure was a successful preg-
nancy.

Results  Live infants were born to 66 women in the
treatment group (65 percent) and 57 women in the
placebo group (56 percent, P=0.19). More infants
were born prematurely in the treatment group than
in the placebo group (62 percent vs. 12 percent,
P<0.001). The major side effects of therapy in the
mothers were hypertension (treatment group, 13 per-
cent; placebo group, 5 percent; P=0.05) and diabetes
mellitus (15 percent and 5 percent, P=0.02).

Conclusions Treating women who have autoanti-
bodies and recurrent fetal loss with prednisone and
aspirin is not effective in promoting live birth, and it
increases the risk of prematurity. (N Engl J Med 1997;
337:148-53.)
©1897, Massachusetts Medical Society.

HE causes of recurrent fetal loss include an-
atomical, genctic, and hormonal disorders.
However, in approximately 60 percent of
women the recurrent fetal loss is unex-
plained. Recurrent fetal loss is a well-known mani-
festation of several autoimmune discases. In the case
of systemic lupus erythematosus, there is a strong as-
sociation with fetal loss that has prompted several
investigators to propose an autoimmune pathogene-
sis for otherwise unexplained recurrent fetal loss.1s
A nonspecific global inhibitor of in vitro coagula-
tion, the lupus anticoagulant, is associated with fetal

148 - TJuly 17,1997

wastage in women with systemic lupus erythemato-
sus. This anticoagulant, and numerous other autoan-
tibodies often found in such women, are also found
in otherwise normal, healthy women who have recur-
rent fetal loss.613

Treatments for these women have included mod-
erate-to-high doses of prednisone and aspirin, 671416
on the rationale that the women have a subtle auto-
immune disorder that is manifested by recurrent fe-
tal loss. None of these studies have definitely shown
this potentially toxic therapy to be either effective or
incffective. We studied the efficacy of prednisone
and aspirin in women with autoantibodies and un-
explained recurrent fetal loss, with respect to mater-
nal morbidity and fetal survival.

METHODS

We initially evaluated 1080 women from southern Ontario
who were referred to our Recurrent Fetal Loss program for this
study. We found 773 women who had the unexplained loss of at
least two fetuses and thus met the criterion for recurrent fetal
loss. Among them, 385 women had at least one repeatedly posi-
tive autoantibody test and were deemed cligible for the study
when they became pregnant again. Two hundred seventy women
agreed to participate in the study. Of these, 202 became pregnant
and were randomly assigned to treatment or placebo between
February 1988 and November 1994 (Fig. 1). It was established
that once pregnant, those cligible for the study would contact the
study office immediately.

Selection of Patients

The criteria for inclusion in the study were as follows: an age
of 18 to 39 years, at least two consecutive fetal losses before 32
weceks’ gestation, and positive results of at least one of the fol-
lowing on at least two of three occasions: activated partial-throm-
boplastin time test or tests for antinuclear antibodies, anti-DNA
antibodies (single- or double-stranded), antilymphocyte IgM, an-
ticardiolipin IgG, or the lupus anticoagulant.

The criteria for exclusion were as follows: a chromosomal or
anatomical abnormality or a luteal-phase defect (as determined by

From the Department of Medicine, Division of Rheumatology (C.A.L.),
the Clinical Epidemiology and Health Care Rescarch Program (C.B.), the
Department of Obstetrics and Gynecology (M.E.H., EPM,, JWKR,,
D.E), and the Obstetric Medicine Program (C.A.L., KS., L.E, C.AS.),
University of Toronto; the Department of Medicine, Division of Rheuma-
tology, Toronto Hospital (C.A.L.); the Department of Medicine, Division
of Rheumatology (C.B.), and Wellesley Research Tnstitate (C.B., MY.),
Wellesley Hospital; the Deparunent of Obstetrics and Gynecology, Wom-
en’s College Hospital (M.E.H.); and the Departument of Obstetrics and
Gynecology, Mount Sinai Hospital (FPM., JW.K.R., D.F.) — all in Toron-
to; and the Department of Biostatistics, Oxford University, Cambridge,
United Kingdom (V.E.). Address reprint requests to Dr. Laskin at 655 Bay
St., 18th Fi, Toronto, ON M5G 2K4, Canada.

*Deceased.
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a timed endometrial biopsy), which are all known causes of recur-
rent fetal loss; confirmed peptic ulcer discase within the past three
years; systemic lupus erythematosus that fulfilled four or more of
the criteria of the American College of Rheumatology!?, diabetes
mellitus, as evidenced by a repeatedly elevated plasma glucose
concentration while fasting, abnormal results of a 100-g oral glu-
cose-tolerance test, or previous gestational diabetes mellitus; sen-
sitivity to aspirin; diastolic blood pressure greater than 90 mm Hg
on two or more occasions at least three days apart despite antihy-
pertensive therapy; previously untreated tuberculosis, as deter-
mined by an abnormal chest film in the previous year or a positive
tuberculin skin test; and previous prednisone therapy.

Wonien deemed cligible for randomization were asked to pro-
vide informed consent and were given a package of written infor-
mation. The study was approved by the Human Experimentation
Committee of the University of Toronto. All the women who
gave consent had measurements of serum glucose, clectrolytes, im-
munoglobulins, C3, C4, CH50, creatine kinase, aspartate amino-
transferase, and rheumatoid factor; Venereal Discase Rescarch Lab-
oratory tests; tests for lupus erythematosus (LE) cells, anti-DNA
antibodies, and antithyroid antibodies; a direct Coombs’ test; and
chest radiography (or a tuberculin skin test). A collaborating oph-
thalmologist examined the women for cataracts at base line, mid-
way through the pregnancy, and post partum.

Autoantibody Assays

Serum samples were collected on two to three occasions at least
7 to 10 days apart, stored at —20°C, and assayed at the same time
in duplicate. 1f only one of two samples was positive on a given
test, a third sample was obtained at least six weeks after the first.
Serum levels of anti-DNA single- and double-stranded antibodies
(1gG and TgM) and antilymphocyte TgM antibodics were meas-
ured with previously described enzyme-linked immunosorbent
assays.'$1? The results were considered positive if the optical-den-
sity readings were more than 2 SD above the mean of serum sam-
ples from 504 normal, nonpregnant women randomly sclected
from the general population. An in-house assay! and two com-
mercially available kits (Sanofi-Pasteur and INOVA) were used
during the cight-year study period to measure anticardiolipin TgG
antibodies. Each method was standardized with serum samples of
known anticardiolipin IgG (measured in IgG phospholipid [GPL]
values) so that the results of the various assays could be com-
pared. When more than 15 to 22 GPL units were measured, the
serum samples were considered positive. Antinuclear antibodics
were measured with a HEp-2 cell line; a titer of 1:40 or higher
was considered positive.

The lupus anticoagulant was considered present if any of the
following were prolonged: the partial-thromboplastin time, the
Russell’s viper-venom time, the kaolin—cephalin clotting time, or
the tissue thromboplastin-inhibition time.

Study Protocol

Women who gave consent were instructed to undergo a preg-
nancy test as soon as their menstrual periods were delayed or a
pregnancy was suspected. Positive tests were confirmed by two
quantitative measurements of serum levels of the beta subunit of
haman chorionic gonadotropin at least 24 hours apart that showed
an appropriate increase (a doubling of the value every 48 hours)
or by ultrasonography that showed a fetus of appropriate size for
its gestational age and with a fetal heartbeat. Before randomiza-
tion, a second, identical consent form was provided, allowing cach
woman to reconsider her participation in the study.

The randomization was controlled centrally through the study
coordinators’ office. The medications were packaged in sealed en-
velopes, and the randomization code was available only to the
persons who packaged them and to the biostatistician, none of
whom had any contact with the women in the study. Each wom-
an was assigned the next study number in one of four strata, with
a balanced four-block procedure to ensure equal numbers in each
group as the study progressed. The women were stratified accord-

1080
Referred
for study

|
[ 1
773
| ?'O?bl Screened for
netigible autoantibodies

l_'—_L"—'—'“I

385 388
Positive Negative

l'__L*_I

270 115
Consented to Refused to
participate participate

l_'*J—_W

202 68
Enrolied Not enrolled

——

185
Completed
study

7
Withdrew

Figure 1. Accrual of Study Subjects with Recurrent Fetal Loss.

Women were evaluated and enrolled in the study between
1988 and 1994. The initial screening included 1080 women, 202
of whom were ultimately enrolled.

ing to age (18 to 34 years or 35 to 39 years) and the week of
gestation at which their fetal losses had occurred — early (<12
weeks) or late (13 to 32 weeks). An interim analysis was per-
formed after 80 women had completed 20 weeks’ gestation to de-
termine whether the trial should be terminated because of either
side effects or a significant difference (P=<0.01) between groups
with regard to the primary outcome.

All major medical events and the results of the interim analysis
were reported to an external safety-monitoring committee com-
posed of consultant specialists.

Drug Administration

The dose of prednisone (Deltasone, Upjohn, Kalamazoo, Mich.)
was 0.8 mg per kilogram of body weight per day for four weeks
(maximum, 60 mg), followed by 0.5 mg per kilogram per day
(maxinmam, 40 mg) until delivery or fetal loss. At the time of de-
livery, the attending obstetrician and the woman were informed
of the woman’s treatment assignment so that glucocorticoid cov-
erage could be begun, all other treatment stopped as appropriate,
and the prednisone therapy tapered (decreased by 5 mg every two
weeks post partum).

The dose of aspirin (Astrix slow-release, encapsulated aspirin;
Faulding Pharmaceuticals, Satisbury, Australia) was 100 mg per
day. Aspirin was given until 36 weeks® gestation or shortly before
delivery.

Clinical Monitoring

Data on physical symptoms, side effects, and compliance with
medication were collected every month throughout the pregnan-
cy. Obstetrical data were collected each trimester.

Laboratory Monitoring

Complete blood counts and tests for all the autoantibodies and
the lupus anticoagulant were performed at approximately 8 and
28 weeks’ gestation and at delivery. A 50-g glucose-challenge test
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TABLE 1. BASE-LINE CITARACTERISTICS OF TITE
WOMEN IN THE STUDY GROUPS.

TREATMENT  PLACEBO

CHARACTERISTIC (N=101} (N=101)

Mean (£SD) age at randomization 33%3.8 32+41
—yr

Mean (8D) no. of previous fetal 34+13 35%14
losses

no. of women {%)

Current smoker 12 (12) 11 (11)
=1 First-trimester loss 97 (96) 96 (95)
=1 Loss at 13-20 wk 24 (24) 25 (25)
=1 Loss at >20 wk 10 (10) 12 (12)
No previous live birth 70 (69) 69 (68)
Previous therapeutic abortion 13 (13) 13 (13)
Previous stillbirth 6 (6) 2(2)
Previous neonatal death 2(2) 0
Antinuclear antibodies 37 (37) 46 (46)
Anti-DNA antibodics

Single-stranded 18 (18) 19 (19)

Double-stranded 13 (13) 19 (19)
Antilymphocyte antibodics 38 (38) 26 (26)
Lupus anticoagulant 38 (38) 36 (36)
Anticardiolipin antibodics 6 (6) 14 (14)

TABLE 2, MAJOR OUTCOMES OF PREGNANCY IN THE STUDY
GROUPS, WITH A LOGISTIC- REGRESSION ANALYSIS OF THE EFFECT
OF TREATMENT AND OTHER VARIABLES ON QUTCOME.

TREATMENT Praceso p
QuTtcome (N=101) (N=101) VALUE
no. {%)

Live birth 66 (65) 57 (56) 0.19

At term* 25 (38) 50 (88) <0.001

Before term* 41 (62) 7(12)
Fetal loss 35 (35) 44 (44)

Obbs Rano
VARIABLE IN REGRESSION PARAMETER P [95% CONFIDENCE
Anarysist EsTIMATE VALUE INTERVAL)
Treatment vs. placebo 0.38 0.19 1.5 (0.8-2.6)
Older vs. younger —0.02 0.94 1.0 (0.5-1.8)
maternal age

Previous feeal losses -0.17 0.58 0.8 (0.5-1.6)

(late vs. carly)

*Percentages shown are based on the total number of live births.

1The straification of maternal age and the week of gestation at which
previous fetal losses occurred is described in the Methods section.
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was given at 16, 28, and 32 weeks. If the results of that test were
clevated, a 100-g oral glucose-tolerance test was given, and if that
result was abnormal (value in the fasting state, >105 mg per dec-
iliter [5.8 mmol per liter]; after one hour, >190 mg per deciliter
[10.6 mmol per liter]; after two hours, >165 mg per deciliter
[9.2 mmol per liter]; after threc hours, >145 mg per deciliter [8.1
mmol per liter]), the woman was referred to an endocrinologist
for counseling and treatment.

Evaluation of Efficacy

The primary end point was the survival of the infant for more
than one week. The secondary end points included maternal side
effects during pregnancy, such as gestational diabetes mellitus, cat-
aracts, epistaxis, hypertension, rash, facial swelling, headaches, hos-
pitalization, and premature birth. For the infants, the end points
included the birth weight, Apgar score, and whether there was a
need for admission to the neonatal intensive care unit.

Data Collection and Management

At delivery, a form was completed on which information about
the labor, delivery, and health of the infant was recorded. Placen-
tal discase was evaluated whenever possible. Cranial ultrasonogra-
phy of the neonates was performed whenever possible, to screen
for intraventricular hemorrhage. The laboratory values were meas-
ured again six months after fetal loss or delivery.

Statistical Analysis

Two-sample t-tests (two-tailed) were used to test for the equal-
ity of the means of continuous variables, and chi-square or Fish-
er’s exact tests were used to test for the equality of proportions
in the casc of categorical variables. Logistic-regression analysis was
used to assess the cffect of treatment on the probability of a suc-
cessful pregnancy, with control for age (35 to 39 years vs. 18 to
34 years) and the week of gestation at which the previous fetal
loss had occurred (early or late). The study groups were com-
pared with respect to sccondary outcome variables by two-sample
t-tests in the case of continuous variables and chi-square or Fish-
er’s exact tests in the case of categorical variables. To assess the
safety of treatment with prednisone and aspirin, the number of
women who withdrew from the study and the frequency and du-
ration of important adverse cvents were compared between groups
by Fisher’s exact test or the chi-square test, depending on the fre-
quency of the events. All the data were entered in a dara base (Or-
acle, Belmont, Calif.) and analyzed with SAS software (SAS Insti-
tute, Cary, N.C.).

RESULTS

We enrolled 202 women in the study and subse-
quently began treating them; there were 101 in each
group. Each woman was followed throughout her
pregnancy and for at least two years post partum, re-
gardless of the outcome of the pregnancy. Seven
women withdrew from the study before delivery
(Fig. 1), one because of side effects and the remain-
ing six because they decided not to participate in the
study and chose only to continue the follow-up.

The characteristics of the treatment and placebo
groups were similar at the time of randomization
(Table 1). Forty-four of the 202 women (22 percent)
had two fetal losses, and 158 (78 percent) had three
or more. Fifty percent of the women originally
screened (385 of 773) had at least one autoantibody
test that was repeatedly positive (Fig. 1), and 111 of
those women (29 percent) had repeatedly positive
tests for more than one autoantibody or were posi-
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tive for the lupus anticoagulant. The lupus anticoag-
ulant was found in 38 women in the treatment group
and 36 in the placebo group; 6 and 14 women, re-
spectively, were positive for anticardiolipin IgG.

Fetal Survival and Other Outcomes of Pregnancy

There were 66 live births (65 percent) in the
treatment group and 57 (56 percent) in the placebo
group (P=0.19) (Table 2). Treatment had no effect
after adjustment for maternal age and the week of
gestation at which the previous fetal losses occurred
(carly or late) (P=0.19) (Table 2).

Among the women who tested positive for anti-
cardiolipin antibodics or the lupus anticoagulant, 60
percent of those in the treatment group had live
births (25 infants were born to 42 mothers), as
compared with 52 percent of those in the placebo
group (24 infants were born to 46 mothers). Adding
an interaction term to the regression analysis (Table
2), in order to relate the presence of anticardiolipin
antibody or the lupus anticoagulant to treatment, re-
vealed no significant difference between trearment
and placebo in this subgroup (P=0.81), indicating
that the effect of treatment in the subgroup was not
different from that in the group as a whole.

Preterm delivery, premature labor, and premature
rupture of the membranes were all significantly more
frequent in the treatment group than in the placebo

20 +

- B8 Treatment {n =101)
[ Placebo (n =101)

15

No. of Patients
=
I

group (P<<0.001) (Table 2). The women in the
treatment group delivered their babies earlier, with
most of the births occurring between 32 and 38
weeks of gestation (Fig. 2). All the deliverics after 30
weeks in both groups were of live infants who sur-
vived for more than 1 month. All the spontaneous
abortions, stillbirths, and neonatal deaths occurred
before 23 wecks of gestation. Despite the higher fre-
quency of prematurity in the treatment group, the
birth weight of all the neonates in cither group was
appropriate for their gestational ages — that is, be-
tween the 10th and 90th percentiles in almost all
cases (Fig. 3). Birth weight below 2500 g was no
more frequent in the treatment group than in the
placebo group (P=0.20). More infants in the treat-
ment group were admitted to the neonatal intensive
care unit (P<<0.001). There was no significant differ-
ence between the groups with respect to the inci-
dence of infections or congenital anomalies (Table 3).

Adverse Effects in the Mothers

Hypertension was more common among the wom-
en in the treatment group (13 percent, as compared
with 5 percent in the placebo group; P=0.05), as
was gestational diabetes mellitus (15 percent vs.
5 percent, P=0.02). One woman in the trcatment
group withdrew from the study because of gesta-
tional diabetes mellitus. Cataracts developed in two

23 26 27 29 31 33 3 37 39 41

Gestational Age (wk)

Figure 2. Deliveries in the Treatment and Placebo Groups, According to the Week of Gestation.

Early birth was significantly more common in the treatment group than in the placebo group. All infants born at 30 weeks’ gestation
or later were born alive. The majority of births in the treatment group occurred between 32 and 38 weeks of gestation, whereas in
the placebo group the majority of infants were born between 37 and 41 weeks.
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Figure 3. Birth Weights of Infants in the Treatment and Placebo
Groups, According to Gestational Age.

Only one infant in the treatment group had a birth weight be-
low the 10th percentile, as compared with three infants in the
placebo group. In contrast, eight infants in the treatment group
and seven in the placebo group had birth weights above the
90th percentile.

TABLE 3. CHARACTERISTICS AND OUTCOMES OF
TNFANTS BORN TO MOTITERS IN TITE STUDY GROUPS.

VARIABLE® Treatmentt  Pracesot P VaLue
no./no. studied (%)

Birth weight <2500 ¢ 17/61 (28) 11/61 (18)  0.20

Male sex 40/64 (62) 28/61 (46) 0.06
Admission to NICU 18/52 (35) 2/54(4) <0.001
Days in NICU§ 4.4x32 6.0x14 041
Scpsis 1/53 (2) 0/49 1.00

Congenital anomaly 0/56 2/56 (4) 0.50

*NICU denotes neonatal intensive care unit.
tTwo pairs of twins are included in this group.
1Six pairs of twins are included in this group.

§Values shown are means =SD. Data are based on 18 in-
fants in the trearment group and 2 infants in the placebo
gmup.

women in the trcatment group, as compared with
none in the placebo group.

DISCUSSION

The presence of circulating autoantibodies and lu-
pus anticoagulant in women with recurrent fetal loss
has been well documented.2024 Fifty percent of the
women screenced for this trial had repeatedly positive
tests for at least one of the autoantibodies we stud-
icd, but none met the American College of Rheu-
matology criteria for systemic lupus erythematosus!?
or other connective-tissue discases. We have contin-
ued to follow these women by either clinical evalu-
ation or questionnaires. At this writing, rheumatoid
arthritis has developed in one and systemic lupus
erythematosus in another.
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Among the women with recurrent fetal loss who
had autoantibodies, prednisone and aspirin were no
more effective than placebo in preventing fetal loss
during a subsequent pregnancy. Gestational diabetes
mellitus and hypertension were important maternal
side effects of the therapy, although neither was as
frequent as in previous studies.2526 In addition to
these expected side cffects, two women in the treat-
ment group acquired cataracts, which have not pro-
gressed on follow-up evaluation. These effects of
prednisone and aspirin on the mothers would not
have been sufficiently severe to warrant withholding
the treatment had it proved effective in preventing
fetal loss.

There was a significantly higher incidence of pre-
term delivery (delivery before 37 weeks’ gestation)
in the treatment group, in accordance with the find-
ings of previous uncontrolled studies.?? Although
the frequency of prematurity was high, few infants
were born before 34 weeks’ gestation, and all the
nconates treated in the neonatal intensive care unit
were discharged without needing readmission. More
Important, weight was appropriate for gestational age
in every infant. Because no increased rate of prema-
turity was found in two large, randomized trials of
low-dose aspirin for the prevention of preeclampsia,
it is unlikely that aspirin was responsible for the pre-
term deliveries.28:29

Our study would have been strengthened by the
inclusion of a group treated with aspirin alone, but
that would have required a considerably larger study.
Also, if aspirin alone were an effective treatment, the
prednisone would have had to have a blunting cf-
fect, a possibility we consider unlikely.

Our determination of the effect of treatment on
women with high levels of anticardiolipin antibod-
ics, late fetal loss, and other manifestations of the an-
tiphospholipid-antibody syndrome was limited by
the size of our sample. Interaction analysis did not
show a greater response to treatment in this sub-
group. Few women with these characteristics were
identified among the 1080 women initially screened
for this study.

We conclude that prednisone and aspirin are not
cffective in preventing fetal loss in women with serum
autoantibodies and a history of recurrent fetal loss.

Supported by a grant from the Medical Research Council of Canada.
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ISOTYPES OF ANTl5:-GLYCOPROTEIN | ANTIBODIES: ASSOCIATION WiTH
THROMBOSIS IN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS.
Shin-Seok Lee, Mi-ta Cho, Yeong-Shil Joo, Wan-Uk Kim, Jun-Ki Min, Yeon-Sik Hong,
Sang-Heon -Hwan Park, Chul-Sco Cho, Ho-Youn Kim. Oepariment of
Internal Medicine, Lupus Clinlc of Kangnam St Mary's Hospital, Catholic University
Medical College, Seoul, Korea, 137-040

Do of anti<ardiolip dy(aCL) has been known-to be useful for
predicting thrombolic events in patients with SLE. There are few reporis on the
igni of } of anti- 81-glycoproteln | antibodies{a £:GPl). To evaluate the

clinical significance and to search for a
and @28:GPl, 1gG aCL and isolypes of aB.GPl were measured by ELISA and
clinfcal of is was d in 267 patients with SLE.
gGaCL and lupus anticoagulant(LAC) were posiive in 286% and 17.8%
tespectively, The arterial is was i with p of igG aCtL,
hy venous is was d with LAC. 1gG, IgM, and IgAag.GPi
were positive in 20.5%, 13.7%, and 18.6%, raspectively. Each isolype of a8.GPI was
variably associaled with an increased frequency of both arlerial and venous
hromb in Itivarl: y i of arterial thrombosis was
19G a f;GP! and that of venous lhrombosis was IgAa g GPL The titers of igG, IgM,
and IgA aB;GPl wers closely corelated with those of 1gG aCL(r=0883, p<0.001,
20,434, p<0.001, r=0.567, p<0.001). The titers of IgA a22GP! were also significantly
correlated with those of iIgG and igM a8 ,GPI{r=0.887, p<0.001, r=0.460, p<0.001).
These results suggest thal isotypes of a#:GPl are related to the occurence of
of af:GPl may be useful for predicting thrombotic

the p of IgG aCL

an
episodes in patients with SLE.

Disclosures work reported in this abstract was supported by
The Catholic University of Korea
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BETA-2-GLYCOPROTEIN 1 INDUCES LEAKAGE FROM CARDIOLIOPIN-
CONTAINING VESICLES BY A NON-FUSION MECHANISM: BINDING, BILAYER
UNSTEADY, AGGREGATION AND LEAKAGE.  'CM Celli, 'E Cucunil, "AE,

i, ' Chaimovigh, 'University of S50 Paulo, S3o Paulo, Brazil 05588.900; “Louisiana

State University Medical Center, New Orleans, LA, 70112; *Morchouse School of Medicl
Atlanta, GA, 30310,
Beta-2-glycoprotein I (8;GP1), a normal pt i li binds 10 negati

charged phospholipids (PL) such as cardiolipin (CL). We have previously demonstrated that
8,GPI induces the internal conteit eaknge of CL-containing vesicles and induces 8 sinergistic
increase of the Jeakage rate induced by antiphosphalipid antibodies (aPL) from systemic hupus
crythematosus (Lupus 5 (1996) 544). A 120 min-delay for the leakage onset was independent
of 5GP concentration. The objective of this study was clucidate the mecbanism by which
8,GP] induces the vesicle jeakage. Methody: Phosphatidylcholine (PCYCL 1:1 (molar)
unilamellar vesicles were prepared by sonicati ining: apped carb i
(CF) for leakage trial; (2) pyreac-labeled PC for fusion assays, or (3) spin labeled probes for
B,GPI-bilayer interaction. Human B;GPI was purified by acid treatment and hepario-
Sepharose column, Resplts: At a constant [8,GPI)/[vesicle] ratio, CF-leakage mtc was
comparable to 3-fold higher (or lower) B;GPI i indicating an intervesicul
binding of B,GPI Although B;GPI aggregates vesicles, no phospholipid mixing was detected,
indicating a fusi hani: Likewise Ca™ effects, B,GPI deoreased the PL mobility
near the head group region (using 5-C-spin label PC) and increased PL fuidity in the bilayer
core (using 12-C spin label PC). Conclusions; 0,GPI binding to mixed bilayers induces local
PL rearrangement leading to PL phase scparation. € quently, dehydration and it
unsteadics induce vesicle aggregation. The onset delay in the leakage kinetic is explained by
the time sequired for vesicle aggregation induced by B;GPI and measurable amounts of
released probe. The domain formation (phase separation) explains the cof: activity of
8,GPI for autoimmuns aPL.

D e e e m Pediuisa do Estado de So Paulo (FAPESP),
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ANTI-B2 GLYCOPROTEIN | AND ANTI-CARDIOLIPIN ANTIBODIES DISTINGUISH CLINICAL
SUBSETS WITHIN THE ANTI-PHOSPHOLIPID ANTIBODY SYRDROME. C. It inka,
N Bruce, KA Spitzer, J-Nadlar, CA Laskin, University of Toronte, Toronte, Ontarlo, Caneda.

. Purposs; To defermine the relationship of laboratory markers to cfinical manifestations In primary

Lt (e 5t ot Y Al (Aps).

talmpel
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THE LUPUS ANTICOAGULANT IS FREQUENTLY UNDETECTED BY ROUTINE PTT ASSAYS
CA Clark-Soloninka, KA Spizer, J Nadler, CA Laskin. University of Taronto, Toronta, Ontario,
Canada.

. Purpose:  To determine the sensitivity of the routine aPTT in the detection of the lupus
anticongulant (LAC). The LAC is frequently found in patients with systemic lupus erythematosus
{SLE) and the anti i 4 d {APS). The LAC has also been reported in
some women who i plal loss (RPL), and may be a factor
underlying the fetal demise.

Study Design: 580 women pl with plained RPL, SLE or APS ware
tested for the LAC using both the anti-cardiolipin igG (aCL) ELISA and a panel of coagulation
tests including the kaclincephalin cloiting time, the Russell’s Viper venom time, the dilute-PT
and the PTT-lupus anticoagulant (PTT-LA). Plasma samples from all women were lso sent *n
routine diagnastic labs for PTT testing.

: Results: 117/580 (19.8%) had a positive LAC using the pansl of assays including 84/590 that

had a prolonged PTT-LA. In comparison, only 21/580 (3.6%) had a prolonged PTT resull

reported from a routine diagnostic fab. Routine tests therefore missed 85/117 (81.2%) of LAC

positive plasma At | withap PTT (21421} were also positive for the

PIT-LA
C

pregi

The LA PTT was the most frequently positive test in our LAC pane’
The proper evaluation of the LAC must involve a panel of coagulation assays, or at a minimum,
the PTT-LA that Is specifically dasigned fo detect the LAC and controls lor the presence of other
taclors that might prolong the test. The routine PTT was an inadequate measure of the LAC as it
falled to detect more than 80% of LAC posilive samples.

Disclosure: Work mported in this abstratt wats supported by: (identity by asmes sif funding sources, Jea cale-
gorisc atteh)  Supported by private patient to the h prog of Dr. Laskin,
No personal support provided by these funds. No industry support of this study.
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EVALUATION OF SCREENING 580 PLASMA SAMPLES FOR THE LUPUS ANTICOAGULANT
USING A PANEL OF FOUR TESTS. CA Glark-Soloninka, KA Spitzer, J Nadier, CA Laskin,
University of Torento, Toronto, Ontario, Cenada.

Purpose: To evaluate a pane! of 4 assays for the lupus tant (LAC) and
the diagnastic value of each as well as possible correlation with clinlcat manifestations.

Study Design: 590 plasma samples from women with systemic lupus erylhematasus, anti-
! holipid antibody synd and lained p foss were tested for the
LAC. Tha LAC panal included the diiute PT, Russelfs Viper venom lima (DRWT), the upus-
spechic PTT (PTT-LA), and the kaolin-cephalin cioting time (KCT). Corelations with
spontancous abortions (SA), a history of thrombosis and pralonged routing PYT were observed,

Results: 117 women had at least one positive LAC test, The PTT-LA was the most frequently
observed (84/117) followed by the DRWT (50/117), the KCT (41/117) and the dilute PT

37/117).

Assay (n pos) SA22 (%) Hx/o Thrombosis (%) | Routine aPTT (%)
Dilute PT (37) 16 {43) 9(24) 15 (41}

DRVWVT (50) 33 {86) 12 (24) 18 (38)

PTT-LA (84) 54 (64) 13 (15) 17 (20)

XCT (41) 23 (56) — 8{20) 14 (34)

Conclualons: In the LAG positive group, the 50/78 women with RPL were positive for only

one of the pane!, whareas women with a history of thrombosis were more fikely to be positive for
2 or more of the pane! {12/14 or 86%). Although the PTT-LA was the most frequently positive
test, it was not comrelated with any f clinical i jon. Th all 4 tesls are

ytod ine the of the LAC, i i

of the clinical p

P

Disclosure: work raporied In this abstroct wax suppocied by: (identily by names sl funding sources, ses cate-
gordeastish)  Supported by private patient to the h of Dr. Laskin
Mo personal support provided by these funds. No industry sponsorship.

816

ANTICARDIOLIPIN AND ANTI-B2-GLYCOPROTEIN ! ANTIBODIES

AND ASSQOCIATION WITH MYOQCARDIAL INFARCTION.

A PROSPECTIVE STUDY OF 1153 PATIENTS.

Andronild Bili, Charles W, Francis, Axthur J. Moss, Ignacio Sanz. University of Rochester,
Rochester, NY 14642,

* Study Deslgn: Eighty-four patients p ting with preg

loss {RPL) ware evalualad for anti-cardiolipin 1gG (aCL), the lupus anticoagulant (LAC) and B2
glycoprotain 119G and M (B2 GP1). Thirteon patients with previously documented APS with a history
of thrombaosis with or without RPL, wera also tested. LAC were measured using a panel including
ditute PT, kaolin-caphalin clotting time, Ruasell's Viper venom time and the PTT-LA.

Reaults Thirty of the 84 womnen with RPL were positive for LAC andior aCL (la. primary APS.

according to the proposad classification criteria). Both aCL and B2 GP1 were far more fraquently
found in thu APS patients with thrombosts than in the APS group with RPL as the only cinical

maniiestation. i
aClL 196G (%) B2 GP1 (%) LAC (%)
34} 4(5) 30 (36)
3{10) a(13) 30 (100)
(13) 6 (46) (10} 7{54)
(Thrombosis + RPL)

o S s

Toncluslons B2 GP1 was present in 13% of RPLAPS patients compared to 70% of APS patients
with thrombosis with or without RPL. A similar lack of association with aCL was found. In the context
of primary APS therefore, B2 GP1 and cardiollpin antbodies appear to be markers of
hypsrcoagulability rather than pregnonoy loss.

Disclosure: work reported in this -!:gxm:t ¥rsk suaported by: (identity by names o Rinding sources, sso calios
.godesatieft)  Supported by private patient to SLE h program of Dr. C. Laskin.
No parsonal support from these funds. No induslry suppont.
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Ob]ectives: To nvestipate the prevalence of anticardi ibodies (3CLA) and anti-p2-
glycoprotein I (aB2GPT) amibodies in a cohort of patients with acul rayocardial infarction MD and
their association with recurrent coronary events, .

Metbods: Sera were drawn at entry from patients with acute Ml participating in the THROMBO
study (a multicenter, prospective study of 1162 paticats with acute MI and 2-year follow-up for
recurrent coronary events). Sers were available from the pre-discharge period and at 2-months after
the ML, Initial sera were tested for 1gG and 1gM isotype af2GPY antibodies by ELISA (INOVA
Diognostics, positive value >20 standard units (SU)) and are currently being tesied for 1gG and IgM
aCLA. Tha end-points of the study are cardiac death or non-fatal myocardial infasction. The risk is
10 be estimated by Cox's regression model. .

Results: 1153 sera from the pre-discharge period were available. There were 2 total of 47 sera with
detectable IgG (9 >20 SGU) and 427 sera with detectable 1gM (46>20 SMU) 2f2GP! anibedies. Of
the § TgG and 47 IpM positive pro-discharge scra, 6 and 37 sera respectively were available for
analysis at 2-months aftcr the ML There was no signiicant change iu the antibody concentration
between the pre-discharge and the 2-month speci for either the IgG (p=0.47) or the IgM
(p=0.13) isotype. No antibody switch from IgM te 1gG isotype was detectod from the pre-discharge
to the 2-month samples, .

Contlusions: aP2GPI antibodies were positive in 0.7% (IgG) and 3.9% (IgM) of post-MI
paticnts with a stable pattem in the 2-menth post-MI period. By design the fins] data will be analyzed
in the context of the THROMBO study and the association of elevated aP2GPI antibodies and aCLA
with recurrent coronary events will be available for presentation at the time of the ACR mecting.

Distlonsre: work reported in this abstract was supporied by
Institutional support




Prevalence of Antibodies to 8,-Glycoprotein I in
Systemic Lupus Erythematosus and Their Association
with Antiphospholipid Antibody Syndrome Criteria:
‘A Single Center Study and Literature Review

TAN N. BRUCE, CHRISTINE A. CLARK-SOLONINKA, KAREN A. SPITZER, DARNA D. GLADMAN,

MURRAY B. UROWITZ, and CARL A. LASKIN

ABSTRACT. Objective. To determine the prevalence of anti-8,~glycoprotein I antibodies (anti-B,-GPI) in patients

with~s$lstenu’c--lupuseryﬂxematosus{SbB—)-,—and~to~assess~their~associaﬁon-v':iﬂ1-~and-predictive~value~for -

the clinical classification criteria of the antiphospholipid antibody syndrome (APS).

Methods. One hundred thirty-three consecutive
in the University of Toronto. Serom and plasma

(aCL), prolonged partial thromboplastia time (PTT),
anti-B,-GPI (IgG, IgM, IgA). Normal xanges for the
A literature review from 1992 to 2000 was perform

rent pregnancy loss as key search words.

Results. The distribution of anti-8,-GPI antibodies
patients with SLE, 36.8%; SLE with clinical feator

patients with SLE were recroited from 2 lapus clinics
es were tested for IgG anticardiolipin antibodies
a panel of lupus anticoagulant (LAC) assays, and
assays were established using 129 healthy controls.
ed using B,-GPI, SLE, APS, thrombosis, and recur-

(of any isotype) in each group were as follows: all
es of APS, 40.4%; SLE without clinical featurss of

APS, 34.9%; and healthy controls, 3%. The positive predictive values of prolonged PTT, IgG aCL, and
anti-B,-GPI for at least one clinical feature of APS in SLE were 59.3, 50.0, and 38.8%, respectivaly.
There were 27 patients with SLE who had antibodies to B,-GPI but a normal PTT and negative aCL and

LAC. Six (20.7%) of these had a history of thrombosis

and/or recurrent pregnancy loss. Twelve studies

(including ours) were identified in which patient gronps were similar and the same antibody isotype was
measured. No agreement was apparent after Teviewing the literature regarding an association of anti-B,-
GPI IgG and clinical features of APS in patients with SLE. ,

Conclusion. Antibodies to B,-GPI were frequently seen (35%) in our SLE population. The prevalence
of anti~-B,-GPI was similar in those with (19/47) and without (39/86) APS. Anti-B,-GPI'did, however,
ideftify 6 patients with clinical features of APS who were negative for aCL and prolonged PTT. Qur
results indicate that anti-B,-GPI may provide additional information for the diagnosis of APS in SLE,
but do not supercede other established assays. However, when we attempted to place our results in the

context of other reparts, the literature review revealed
assay techniques are too variable among different inv

that secondary diagnoses of patient groups and

estigators to allow vseful comparison. Thus, no

conclusions could be drawn regarding anti-8,-GPI and clinjcal features of secondary APS in SLE.

(7 Rheumatol 2000;27:2833-7) -

Key Indexing Terms:
ANTL-B,-GLYCOPROTEIN I

ANTIPHOSPHOLIPID SYNDROME ~ RECURRENT PREGNAN CYLOSS

Systemic lupus erythematosus (SLE) is 2 multifactorial dis-
ease of unknown etiology typically involving the expression
of myriad autoantibodies. There is also a high coincidence of
antiphospholipid syndrome (APS). Proposed classification

SYSTEMIC LUPUS ERYTHEMATOSUS
THROMBOSIS®

criteria for APS require the presence of both a clinical mapi-
festation [thromboembolism and/or recurrent pregnancy loss
(RPL)] and a positive laboratory test {lupus anticoagulant
activity (LAC)], and/or antibodies to cardiolipin (aCL)!2,
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APS3 can occur in isolation (primar); APS) or in combination
with other autoimmune conditions {secondary APS), especial-
ly SLE.

A study has shown that, in SLE, aCL are most strongly .

associated with prolonged partial thromboplastin time (PTT),
thrombocytopenia, and a positive Coomb’s test?, In fhat study,
a prolonged PTT but not aCL was associated with venous and
arterial thrombosis. A subsequent metaanalysis confirmed
- that, in SLE, LAC was more strongly associated with risk of
venous thrombosis than aCL, although both were statistically
significant?,
Beta 2 glycoprotein I (B,-GPI) is a naturally occurring pro-
coagulant protein that appears to be the cofactor in aCl, agsays

lence of anti-,-GPI IgG were considersd appropriate for comparison, In

addition, we Jooked for studies that reported the incidence of both antibodies
in patients with and without clinical features of secondary APS. We carefully
evaluated the means by which patient classifications were determined, paying
particular attention to the clinical and laboratory measures used by the differ-
ent investigators, to ensure consistency,

RESULTS

Upper limits of normal for each of the isotypes of anti-B,-GPI
were determined to be 15, 20, and 15 units for IgG, IgM, and
IgA, respectively, based upon 2 standard deviations above the
mean values determined using 129 normal sera tested in frip-
Heate. These values corresponded to those recommended by
the manufacturer,... :

necessary for the binding of certain aCL, although its exact
physiological role is still unclears. Antibodies to 83,-GPI (anti-
8,-GPI) have also been identified in the serum of some
patients with SLE and/or APS, but as yet no definitive associ-
-ations with any particular clinical manifestation or laboratory
variable have been revealed despite numerous investigations.

We investigated the prevalence of anti-B,-GPI in a cohort
of patients with SLE and compared the frequency of anti-B,-
GPI with aCL and LAC in patients with and without the clin-
ical manifestations of secondary APS. We also compared our
results to previous reports and attempted to establish a con-
sensus regarding the significance of anti-B,-GPI in patients
with thromboses and RPL in the context of SLE,

MATERIALS AND METHODS ) ‘
FPatients. One hundred thirty-three consecutive patients from 2 clinics associ-
‘ated with the University of Toronto were studied between March and June
1997, All patients met the 1982 American College of Rhenmatology (ACR)
criteria for the classification of SLES, At the time of study, all patients under-
went 2 complete history aod examination. In addition, their charts were
reviewed for previous clinical and serologicel features of APS using proposed
criteria’®* that included thromboembolism and/or RPL in combination with a
positive LAC or aCL test on 2 separate occasions at least 8 weeks apart,
Venous thrombosis was documented by ultrasound or venography and arteri-
al thrombosis was confirmed by engiography, or in the case of stroke by com-
puterized tomography (CT) or magnetic resonance imaging (MRJ) showing
infarction, Myocardial infarction was confimed by & history of typical chest
- pain sssociated with electrocardiographic changes and elevated ercatinine
kinase. RPL was defined as 2 2 consecutive fetal Josses in the absence of doc-
umented hormonal, anatomic, or genetic abnormalities,

aCL and anti-f3,-GPl assays. Antibodies were measured in duplicate using
Inova Quantalite kits (Intermedico, Mississanga, ON, Canada) for the deter-
mination of aCL JgG and anti-B,-GP1IgG, IgM, and IgA. Upper limits of nor-
mal were established nsing 129 sera from healthy controls.

LAC, The LAC was determined by the presence of a either a prolonged PTT
or a prolonged result in a pane] of coagulation tests including the PTI-LAC,
Russell’s viper venom time, the kaolin clotting time, and a dilute prothrom-
bin time. Prolonged xesults were confirmed by repeat testing with 1:1 and 4:1
dilutions with normal plasma. :

Stasistical analysis. Distcibutions within groups were described by means and
standard deviations (SD). Sensitivity, specificity, and positive predictive val-
ues (PPV) were also caleulated for cach antibody and each clinical feature,
Literature review. A Jiterature search from 1992 to 2000 was performed using
8,-GPL, SLE, APS, recurrent pregnancy loss, and thrombosis as key words.
Those studies that included patients with SLE fulfilling the ACR criteria’
meésured aCL using standardized control sera and also measured the preva-

Clinical and laboratory features of 133 patients with SLE
are displayed in Table 1. The LAC and aCL were present in
20.3 and 13.5% of patients, respectively.

Forty-nine (36.8%) patients with SLE had anti-B,-GPI of at
least one isotype. There was no difference between those who
were positive or negative for anti-B,-GPI with regard to demmo-
graphic features or disease activity (Table 2). However, aCL
and LAC were more frequently seen in the anti-B,-GPY posi-
tive group. Venous and/or arterial thromboses were not asso-

Tuble 1. Demographic data of patients with SLE.

Variable SLE (n = 133)
Sex BM . 12419
Mean age (range) 39 (18-81)
Mean years disease duration (range) 10 (0-44)
Mean SLEDAI (tange) 4 (0-20)
History of .

Venous thrombosis (%) 23(17.3)

Anerial thrombosis (%) 16 (12.0)

RPL(%) 13(9.8)
Positive LAC (%) 27 (20.3)
Positive aCL 1gG (%) 18 (13.5)

SLEDAL: Systemic Lupus Erythematosus Disease Activity Index, RPL:
recurrent pregnancy loss.

Table 2. Comparison of demographic, clinical, and laboratory features of
patients with SLE with or without anti-,-GPL

Variable SLE with ,-GPI,  SLE without 8,-GPI,
n=49 n= 87
Sex FiM K/ Vi
Mean age, yrs (range) 37 (19-72) 39 (18-81)
Mean disease duration, yrs (range) 11 (0-27) 11 (1-44)
Mean SLEDAI (range) 4 (0-16) 4 (0-20)
History of .
Venous thrombosis (%) 10 (20.4) 13 (15.5)
Arterial thrombosis (%) 5(10.2) 11 (13.1)
RPL (%) 8(16.3) 5(6.0)
LAC (%) 18 (36.7) 9(10.7)
aCL 1gG (%) - 14.(28.6) ) 4 (4.8)

2834

The Journal of Rhewmatology 2000; 27:12



ciated with the presence of anti~B;-GPI. A trend toward RPL
Was seen more often in the antibody positive group, but the
sample sizes were so small [only 13 of 133 patients with SLE
had a history of RPL, with 8 (16.3%) in the anti-B,-GPI posi-

tive group and 5 (6%) in the anti-B,-GPI negative group] that . ‘

the observation has limited value.

Table 3 compares laboratory variables in patients with and
without the clinical manifestations of secondary APS. Half of
the group with no clinical features had no laboratory finding,
but the same was true for the group with at least one clinical
finding. The highest incidence of anti-B,-GPI was in the RPL

-group (8/13). Eight patients were positive for anti-f,-GPI,
aCL, and LAC, of whom 7/8 (87.5%) had a history of either

Table 5. Sensitivities, specificities, and positive predictive values for aCL,
LAC, and anti-8,-GP] and clinical features of secondary APS in SLE,

thrombosis or RPL or both. In contrast, ondy 1/89 (1.1%) of
patients with no clinical features were positive for all 3 anti-
bodies.

The prevalence of each isotype of anti-B,-GPI antibody
was 15.8, 23.3, and 10.5% for IgG, IgM, and IgA, respective-
ly (Table 4). IsG anti-B,-GPI was the most frequently seen
isotype in association with RPL (4/21 ). Of the 49 patients who
were positive for anti-f,-GP1, 17 (34.7%) had more than one
isotype. Of the other 32 patients positive for only one isotype
of anti-,-GPI, the isotype distribution was as follows: 7
(14.3%) IgG only, 20 (40.8%) IgM only, and 7 (14.3%) IgA
only. There was no increased association of clinical features
when only high titer antibodies were considered (data not

- shown).

We also assessed the sensitivity, specificity, and PPV for
each antibody with each individual clinical feature of APSin
SLB and with the presence of at least one of the features
(Table 5). The most sensitive of the 3 tests for detecting a his-
tory of RPL was anti-8,-GPI (61.5%), but it did not reach a

Antibody ' Sensitivity Specificity Positive Predictive .
Clinical Feature Value
8,-GPI
Venous thrombosis 435 64.5 . 204
Arterial thrombosis 313 62.4 10.2
REL ‘ 61.5 65.8 163
2 1 feature 43.2 66.3 38.8
LAC )
Venous thrombosis 39.1 83.6 333
- Arterial thrombosis 313 81.2 18.5
'RPL 53.8 83.3 259
2 1 feature 364 87.6 593
aCL
Venous thrombosis 174 87.8 222
Arterial thrombosis 18.8 87.0 167
RPL 30.8 87.8 222
21 feature’ 205 89.9 50.0

useful level. The LAC and aCL both had high specificity for
venous and arterial thrombosis and RPL (over 81% each). The
PPV were all < 33.3% for each antibody, comparing individ-
ual clinical features. However, the PPV for each antibody in
combination with at least one clinical feature were higher. The
LAC had the highest PPV for the presence of at least one clin-
ical feature of secondary APS (59.3%).

Table 3. Coincidence of laboratory variables and clinical features of APS in patients with SLE.

Laboratory No Clinical Features, " Venous Thrombosis, Arterial Thrombosis, RPL, 21 Clinical Feature,
Variable n =89 (%) n =23 (%) n=16 (%) n=13 (%) n =44 (%)
No positive antibodies 51(57.3) 10 (43.5) 9 (56.3) 4 (30.8 2141
8,-GPI positive 30 (33.7) 9(39.1) 6 (37.5) 8 (61.5) 19 (43.2)
aCL IgG positive 9(10.1) 4(17.4) 3(18.8) 4 (30.8) 9 (20.5)
LAC positive 11 (12.4) 9 (39.1) 5(31.3) 7(53.8) 16 (36.4)
All 3 pasitive 1{LY) 2(@8.7) 3(18.8) 331 7(15.9)
2 1 positive 38 (42.7) 13 (56.5) 7 (43.8) 9(68.2) 23(52.3)
Table 4. Association of anti-B,-GPI isotypes with clinical features of APS in patients with SLE.
Clinical Feature B,-GPI IgG, B,-GPIIgM, B8,-GPIIgA,
n=21(%) n =31 (%). n= 14 (%)
Venous thrombosis 419.0) 8§ (25.8) 2(13.3)
Arterial thrombosis 4(19.0) 4{12.9) 1(6.7)
RPL 4(19.0) 1(6.7) 167
No clinical feature 12(57.1) 18 (58.1) 11 (78.6)
Bruce, et al; Anti-f,-GPI in SLE with APS 2835



DISCUSSION

We found that between 35 and 40% of our patients with SLE
have anti-,-GPI of at least one isotype regardless of the pres-
ence of clinical features of APS. This suggests that in SLE
measurement of anti-Bz-GPI does not supercede aCL or LAC,
which have both been frequently associated with this syn-
drome.

Anti-f,-GPI may, however, provide additional diagnostic
information. Six of 27 (20.7%) patients with SLE who were
positive for anti-3,-GPI and negative for LAC and IgG aCL
had a history of thrombosis or RPL. This confirms the obser-
vation*!! that there is a group of patients with SLE who man-
. ifest clinical symptoms of APS but have not previously had a

fication criteria for SLE and that all assays were appropriate-
ly performed with adequate conirols, then we can combine
simple prevalence results. Thus a total of 1342 patients with
SLE were tested for both aCL and anti-B,-GPI IgG. Of that
total, 436 (32.5%) are positive for aCL IgG and 246 (18.3%)
are positive for anti-f,-GPI IgGC.

Five studies including ours do not report the presence of
secondary APS#7:202_ Of the 7 that do, 4 of them!S15% found
an association between the presence of anti-f,~GPI and sec-
ondary APS; 3 stadies'04115 do not. ' :

Six of 12 studies (including ours)!®1HM51822 found no asso-
ciation and 6 of 12%¥647%192) found a positive association with
a history of either venous or arterial thrombosis. Howeyer, 8

measurable circulating antiphospholipid antibody. The use of
the f,-GPI assay, therefore, might provide an increased catch-
ment population for identifying secondary APS rather than
relying solely on either aCL or LAC positivity.

However, as the prevalence was the same in our patients

both with and without clinical manifestations of APS, our data
seem to indicate that anti-B,-GPI antibodies alone are proba-
bly nnrelated to the clinical manifestations of APS (venous
and arterial thromboses and/or a history of RPL) in patients
with SLE. Although they are more often than not found in
combination with other APS associated laboratory measures
(aCL and the LAC), the presence of anti-8,-GP! is not depen-
dent upon them. We did find that the presence of all 3 anti-
hodies (LAC, aCL, and anti-§,-GPI), although uncommon
(only 8/133 patients, Table 3), was strongly associated with a
history of thrombosis and/or RPL. .
To determine if ovr results regarding the clinical associa-
tions with anti-B,-GPI reflect current understanding, we per-
formed a comprehensive literature review, There are at least
. 20 reports of anti-B,-GPI and SLE and/or APS. It is difficult
to draw conclusions from the literature because patient selec-
tion criteria and assay techniques vary from study to study.
For exarple, 3 reports'>** all describe the prevalence of anti-
8,-GPT in patients with SLE. However, Day, et al'? tested for
antibodies directed against a propristary mixture of phospho-
lipids instead of measuring aCL, which is the accepted test for
this population and which has been standardized with gener-
ally distributed reference sera. Day’s results therefore are not
directly comparable and were not included, Fanopoulos, et
.l preselected their patients with SLE for positive anti-DNA
or anti-Sm antibodies, and Sanfilippo, et al’* selected patients
with SLE who were all aCL positive. They do not therefore
comprise the same heterogeneous groups of patients with SLE
investigated by us and others.

Our results and those from 11 othér. studies?1522 that
included patients with SLE and measurement of anti-8,-GPI
I1gG and aCL IgG are shown in Table 6. The sample sizes
range from 20 to 308 with a median of 102, The median per-
centage positive for aCL IgG and antj-,-GPI IgG are 41.9
(range 12.3-70.2%) and 17.1% (range 5.0-40.7%), respec-
- tively. If we assume that all patients fulfilled the ACR classi-

of 11 studies with available results'0 5125521 found a strong
correlation between anti-B,-GPI IgG and aCL IgG positivity.
It must be noted that some of the sample sizes upon which that
conclusion was based are very small (e.g., sample sizes of
one! and 5%). One other group® aside from ours concludes
that aCL and anti-8,-GPI IgG are distinct and independently
occurring antibodies, Overall, therefore, the results regarding
an association with either thrombosis alone or secondary APS
are quite inconclusive. In contrast, only one’? of the 11 stud-
ies that evalnated RPL independently notes an association
between the presence of anti-3,-GPI and RPL in the context of
SLE, and while we did note a trend, this was based upon a
very small number of patients, and was no higher than the
incidence of LAC in those women (Table 3).

Despite the apparent similarity of the selected studies in
Table 6, there are inconsistencies that make comparisons dif-
ficult. Some investigatdrs, like ourselves, do not divide their
patient groups with regard to the current classification criteria
for APS. Most simply dichotomize with regard to the presence
or absence of thrombosis and antiphospholipid antibodies.
Some investigators report antibody prevalences for all
patients regardless of their primary diagnosis (e.g., SLE, pri-
mary APS, or other connective tissue disease) and then group
antibody positive patients based on clinical histories of throm-
bosis or RPL, without reference to laboratory variables. In
most cases, anti-B,-GP] are measured by independently devel-
oped assays and as no standardized sera are available, there
are unavoidable, unpredictable interlaboratory variations.

After reviewing the available literature, it is apparent that
there is variability among studies in the case selection and
definitions used as well as the assay systems employed. It is
therefore difficult to determine the significance of this anti-
body in the clinical context of SLE and whether it is superior
to existing tests. Also, within a single center, the occurrence of
certain events such ag RPL in our patients with SLE may be
100 uncommon to draw any firm conclusions. There is a need
for a multicenter prospective study to investigate the clinical
utility of these various antibodies using a clealy defined
group of patients with verified clinical outcoines and a stan-
dardized set of assays.

- 'We found that antibodies to 8,-GPI were frequently seen
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Table 6. Literature review of preyalence of B,-GPI IgG vs aCL IgG in patients with SLE and clinical associations. Unless noted otherwise, all autoantibodies were ‘
evaluated using in-house assays.

Investigator nSLE Pos aCL, % Pos8,-GPI, %  8,+ Secondary APS B, + Thrombosis B,+RPL  PosaCL/Pos B,-GPI
Bruce, 2000 133 13.5% 15.8% No No " No 14/49
Guerin, 1997 © 20 30,0%* 5.0 Np No No n
Teixido, 19976 9 367 6.3 Yes Yes No 1116
Swadzba, 19577 127 425 204 NA Yes No 23126
Amengual, 1996% 8] 41.9 407 Yes No No All
Tsutsumi, 1996 308 123 10.1 NA Yes No NA
Tubach, 2000 102 23,59 18,6 Ne No No 15/18%
Matsuda, 1995 36 38.8 139 No No No 515"
Knburaki, 19957 140 43.6 15.0 Yes Yes R Yes All
Cabiedes, 19952 94 457 394 Yes Yes No 19/37
- Viard; 19927 47 70:2 36— NA: Yes No-—= IS/T
Horbach, 1996% 175 46.9 171 NA No NA NA

Antibodies were measured using *Inova, **Diastat, or *#BMD kits. NA: not available,

(35%) in our population with SLE. The prevalence of anti-B,~ -
GPI is similar in those with and without clinical featares of
secondary APS. Antibodies to B,-GPI did, however, identify 6
patients with clinical features of APS who were negative for
standard tests, suggesting that in individual cases, anti-3,-GPI
may provide additional information for the classification of
APS in SLE. Our literature review revealed that there is still
no agreement regarding the significance of anti-8,-GPI and

secondary APS in SLE.
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Editovial

The Spectrum of the
Antiphospholipid
Syndrome: A Matter of
Perspective

For many years, rheumatologists diagnosed what is now
known as antiphospholipid syndrome (APS) as systemic lupus
erythematosus (SLE). We knew that many of these patients
would never manifest other features of SLE but rather demon-
strate only thrombosis, thrombocytopenia, or pregnancy loss.
As a matter of fact, one or more of those manifestations was
likely the reason the patient came to our attention in the first
place.

Owing to the work of individuals such as Harris, Hughes,
Gharavi, and Alarcon-Segovial*5, we have come to appreciate
that these patients do not have lupus but rather a separate but
related entity, the APS. Although many of us have become
complacent with this classification®, we may still be unclear in
many circumstances which patients to treat, when to treat, and
how to treat,

APS is first and foremost a clinical disorder. At least one
specific laboratpry abnormality must be present to classify a
patient as APS: either anticardiolipin antibody (IgG or IgM)
and/or a lupus anticoagulant (LAC). However, a positive lab-
oratory test is insufficient for the diagnosis. Indeed, there is no
rationale in even testing for their presence in the absence of
the clinical features™!. When these laboratory markers are
determined in a clinically inappropriate situation, the physi-
cian is left in a potential quandary: should this asymptomatic
patient be treated or is it safe to ignore these laboratory abnor-
malities?

Although the first question is why the test was ordered in
the first place, the more important question is whether the
presence of an antiphospholipid antibody (aPL) or LAC is a
risk factor for one or more clinical manifestations. The answer
to this question directly determines whether treatment is indi-
cated.

The approach to the management of patients with aPL is
very much dependent upon the perspective of the attending
physician. Although practitioners in other specialties may

attend to patients with APS, hematologists, obstetricians, and
rheumatologists are most often involved in their management,
Faced with a patient with APS or one with merely positive
blood work, the management decisions will likely vary among
these specialties.

To the hematologist, APS means dealing with hypercoagu-
lability. The patient has a history of venous and/or arterial
thrombosis and the goal of therapy is to prevent further throm-
boembolic events utilizing anticoagulant therapy. APS
patients may be adequately treated with low intensity warfarin
in the case of venous thrombotic disease or may require high
intensity anticoagulation when there is a history of arterial
thrombosis'>"3. In either case, the hematologist sees a patient
at risk for recurrent thrombotic events when confronted with
APS,

Patients with APS present to the obstetrician with recurrent
pregnancy losses (RPL), either early or late, preeclampsia or
HELLP syndrome (hemolysis, elevated liver function test,
low platelet count), intrauterine growth restriction in the fetus,
or placental abruption. Unlike other patients with APS, there
may be no history of thromboembolic events. Therapy in
these cases is more controversial. Several therapeutic modali-
ties have been investigated and currently heparin in combina-
tion with aspirin is the more common treatment option*45,
although this regimen has recently been challenged's.

Perhaps the more complex cases with APS present to the
rtheumatologist. These patients typically have more than one
manifestation, including thrombosis, RPL, thrombocytopenia,
nephritis, Raynaud’s phenomenon, rash such as livedo reticu-
laris, or a vasculitic eruption. Positive antinuclear antibodies
may be found suggesting a diagnosis of SLE. Depending upon
the clinical picture, one or more different treatment modalities
may be used including anticoagulants, aspirin, prednisone,
hydroxychloroquine, or intravenous gammaglobulin. In gen-
eral, the rheumatologist will encounter the patient with multi-

See A study of 75 pregnancies in patients with APS, page 2025
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ple manifestations more often than either of the above two
specialties.

This differential experience of physicians with patients
with APS influences the management of all patients classified
as APS, regardless of the manifestations. To best illustrate this
point, let us examine the problem of recurrent pregnancy loss.

At the Sth International Symposium on Antiphospholipid
Antibodies in September 2000, Branch commented on his pre-
vious belief that standardized treatment protocols for preg-
nancy in women with aPL would be ‘available by the end of
the 1990s". Indeed, many also thought that the clinical and
laboratory criteria for APS had been satisfactorily defined at
the 1999 Sapporo Conference$. Meanwhile, however, classifi-
cation criteria and therapeutic protocols have again become
controversial after publication of a number of studies high-
lighting not only the broad spectrum of patients involved —
including the paper by Huong, ef al in this issue'® — but also
the questionable benefit of any therapeutic intervention at
all’é,

There have been numerous studies over the last 15 years
evaluating the efficacy of acetylsalicylic acids, prednisone!d,
unfractionated’® and low molecular weight heparin®, and
most recently intravenous gammaglobulin?!, alone or in vari-
ous combinations. While many of the studies have been well
designed and appropriately powered and analyzed, the varied
outcomes are frequently not reproducible at other centers.

In our opinion, based on treating women with APS in our
clinic for the past 15 years, the discrepancy in experience with
respect to the therapeutic efficacy in the treatnient of RPL is
likely due to patient heterogeneity, laboratory variability, and
the disparate perspectives of the obstetrician, hematologist
and rheumatologist.

The example of a 30-year-old woman with a history of 3
pregnancy losses all between 8 and 10 weeks’ gestation who
has an IgM anticardiolipin antibody of 25 MPL illustrates our
point. Current guidelines from the American College of
Obstetrics and Gynecology (ACOG) and others?? state that
this patient requires treatment with heparin and aspirin. The
guidelines do not recommend that further investigations be
undertaken, but rather that the positive serology combined
with this clinical picture is sufficient to justify intervention.
Some obstetricians might recommend further investigation.
For example, what if further investigation revealed the pres-
ence of a uterine septum? What abnormality would be deemed
the more clinically significant? If ACOG guidelines were fol-
lowed to the letter, the septum would never have been detect-
ed, as 10 anatomic investigations would have been pursued.
Our experience in evaluating many patients with first
trimester losses has revealed numerous patients with this
exact clinical picture.

A hematologist seeing this patient with a history of recur-
rent miscarriage and aPL would likely follow other guidelines
recently published by Ginsberg, et a®, which also recom-
mend treatment for pregnant women with aPL without further

investigation. Of course the hematologist would be more con-
cerned that this woman would be at risk for a thromboembol-
ic event, further justifying anticoagulant therapy. Does the fact
that this woman has no history of thromboembolism change
her risk of a thrombotic event during a future pregnancy?
Should this patient be viewed in the same light as a woman
with one pregnancy loss at 24 weeks characterized by
intrauterine growth restriction and placental infarction, with a
history of venous thromboembolism? Depending upon the
attending physician’s orientation, we submit that in all proba-
bility, these two patients may be viewed as having the identi-
cal disease with the same risks during a pregnancy.

The question prompted by these two case scenarios relates
to treatment. If it is accepted that heparin and aspirin is the
appropriate therapy for the treatment of recurrent pregnancy
loss in women with an aPL, then both patients should be so
treated. However, we believe these patients to be quite differ-
ent, but representative of the spectrum of APS. One random-
ized controlled trial has been published that found 85% of
women with RPL and an aPL had a successful pregnancy out-
come whether treated with aspirin alone or placebo'S, Our own
experience with patients fulfilling the same criteria resulted in
a 51% successful outcome'® without treatment, whereas Rai, et
al had only a 10% success rate in untreated cases?. These 3
studies, with success rates in untreated patients ranging from
10 to 85%, highlight the lack of agreement regarding this pop-
ulation. Perhaps the variation from center to center reproduc-
ing results of similar therapeutic modalities is related to the
large variation in baseline success rates in the untreated patient
population. This variation, in turn, may simply be due to the
possibility we are all investigating slightly different subgroups
within the spectrum of APS.

Women with RPL and an aPL must be viewed as a diverse
population rather than as a single disease entity with equiva-
lent risk requiring identical therapy. We must all appreciate
that APS describes a wide spectrum, perhaps requiring formal
subclassification®, and patients must be evaluated and treated
individually. Further, treatment must be directed towards clin-
ical disease and not laboratory markers, particularly in light of
the continuing controversy regarding the significance of IgM
aCL and lower titers of IgG aCL. It is our belief that further
controlled clinical trials addressing the problem of recurrent
pregnancy loss in women with aPL will serve to emphasize
the clinical heterogeneity in this group of patients and support
a more rational approach to therapy.
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The Value of Testing for Antiphospholipid Antibodies, Other than aCL
and LA, in Systemic Lupus Erythematosus Patients with Thrombosis.
Athina Theodoridou, Maria L Bertolaccini, Coleen Hamid, Munther A
Khamashta, Graham R V Hughes Lupus Research Unit, London, United
Kingdom

Several authors have suggested that testing for other antiphospholipid
antibodies may help to identify the APS in SLE patients with thrombosis but
repeatedly negative for anticardiolipin antibodies (aCL) and/or lupus antico-
agulant (LA). To test this hypothesis, we studied 3 groups of SLE patients: 24
fernale, 2 male, mean age 4612, all with history of thrombosis (5 venous,
13 arterial and 8 both venous and arterial thrombosis) and positive for aCL
and/or LA.(SLE/APS); 26 .fernale, mean age 4011, with no history of
thrombotic events (SLE only) and 25 female, 1 male, mean age 39*11, all
with history of thrombotic events (16 venous, 6 arterial and 4 both venous and
arterial events) but repeatedly negative for aCL/LA (SLE-thrombosis). aCL
and LA were re-tested in all samples, All patients were tested for [gG and IgM
anti-B2GPI and anti-prothrombin antibodies (aPT) by in-house ELISAs.

Results. Anti-B2GP1 antibodies were present in 15/26 (58%) patients with
SLE/APS (12 1gG and 3 IgM) and 0/26 patients with SLE only and
SLE-thrombosis. aPT were present in 10/26 (38%) patients with SLE/APS (9
IgG and 1 IgM) and 1/26 (3.8%) patients with SLE only (IgG isotype) and
3/26 (11.5%) SLE-thrombosis patients (2 IgG and 1 IgM isotypes).

Conclusions: Testing for aPL other than aCL and LA in patients with
thrombosis but persistently negative for aCL and LA may be helpfull in
selective cases. Anti-B2GP] may not be detected in patients negative for aCL.

Disclosure: A. Theodoridou, None; M.L. Bertolaccini, None; C. Hamid, None; M.A.
Khamashta, None; G.R.V. Hughes, None.
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Prevalence and Clinical Significance of Antibodies to Protein S in Lupus
Patients with Pregnancy Morbidity. Maria L Bertolaccini, Giovanni
Sanna, Gonzalo Pacheco, Munther A Khamashta, Graham R V Hughes
Lupus Research Unit, London, United Kingdom

Preliminary data has shown that antibodies directed to protein S (anti-PS)
might be associated with the antiphospholipid syndrome in patients with SLE.
We designed this study to evaluate the prevalence and clinical significance of
anti-PS in a group of SLE patients with pregnancy morbidity.

Patients and methods: This study included 119 female SLE (mean age
46.8+11 , mean disease duration 13.7::9.3). Thirty-one women were also
diagnosed as having antiphospholipid syndrome. aCL and LA were present in
73 and 30/119 patients, respectively.

Results: Anti-PS were present 39/119 (33%) patients. Patients with
pregnancy morbidity presented anti-PS more frequently than the control
group (24% vs. 4%, OR 7.9 [95% CI 2.3-28], p=0.0009). When subdividing
the patients into subgroups, those with miscarriages and/or fetal death
presented anti-PS much more frequently than the controls (24% and 18% vs.
4%, OR 7.6 [95% CI 2.1-27], p=0.0017 and OR 5.4 [95% CI 1.3-22],
p=0.021, respectively). Patients with prematurity, preeclampsia and intra-
uterine growth restriction presented anti-PS more frequently than the contro}
group (36%, 47% and 44% vs. 4%; OR 13.6 [95% CI 2.8-66], p=0.003, OR
21 [95% CI 5-86), p<0.0001 and OR 19 [95% CI 4-99], p==0.0014,
respectively).

Conclusions, Anti-PS are frequent in SLE. Although they cannot dis-
criminate within the SLE population, their presence is more common in
patients with pregnancy morbidity than in the control group. Further studies
including larger populations are needed to elucidate the real value of these
antibodies.

Disclosure: M.L. Bertolaccini, None; G. Sanna, St. Thomas' Lupus Trust R; G.
Pacheco, None; M.A. Khamashta, None; G.R.V. Hughes, None.
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Heart Valve Lesions Related to Antiphospholipd Antibody Syndrome:
Value of Transesophageal Echocardiogra?hy. Elisa Albuguerque', Oscar
Ribeiro', Sérgio S Xavier’, Marcia Castier', Jose Angelo Papi, Denise S
Silveira®, Maria Isabel Dutra®, Alycia C Fonseca?, Evandro M Klumb', Roger
Levy' 'Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
Brazil*Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

To study the prevalence of cardiac valvular alterations in a population of
patients with antiphospholipid syndrome (APS), we examined by transtho-
racic (TT) and multiplan transesophageal echocardiography (TE-ECHO) 61
patients with APS according to Wilson’s criteria (A&R, 1999). Twenty-three
patients had primary and 38 had APS secondary to systemic fupus erythem-
atosus. Clinical manifestations and TE-ECHO findings of the 2 groups were
compared. The same examiner, with the same equipment, blinded for
patients’ diagnosis, performed all exams. In 11 of 23 (53%) primary APS
patients and 26 of 38 (68%) secondary, valvar alterations were found by
TE-ECHO, only one patient had an altered TT-ECHO. The most commonly
found alterations were: valvular regurgitation (47.8% in primary group and
52.6% in the secondary); valvar thickening, that occurred frequently in both
groups (39% and 34.2%, respectively), valvar vegetations, that were more
common in the primary APS group (17.4% and 13.2%, respectively). The
mitral valve was most commonly affected, with dysfunction (26% in primary
APS and 47.4% in secondary) and thickening (39% and 34.2%), followed by
the aortic valve involvement. Vegetations in primary APS were evenly
distributed among mitral and aortic valves; while the vegetations found in 5
secondary APS were all restricted to mitral valve. We did not observe
ventricular dysfunction in none of the patients with primary APS, while it was
found in 13% of the patients with secondary APS. TE-ECHO is a powerful
diagnostic tool for evaluating valvular function in both primary and second-
ary APS.

Disclosure: E. Albuquerque , None; O. Ribeiro , None; S.8. Xavier , None; M. Castier
, None; 1. Papi , None; D.S. Silveira , None; M. Dutra , None; A.C. Fonseca , None;
EM. Klumb , None; R, Levy , None.
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Low aCL IgG Titers In Recurrent Pregnancy Loss Signal the Need for
Redefining APS. Christine A Clark!, Karen A Spitzer', Jamie N Nadler?,
Carl A Laskin® 'START Reproductive Biology Unit, Toronto, ON,
Canada®University of Toronto, Toronto, ON, Canada

Objective: To compare the distiibution and titres of aCL IgG in women
with unexplained early recurrent pregnancy loss (RPL), systemic Iupus
erythematosus (SLE) or anti-phospholipid syndrome (APS) with a history of
thrombosis.

Metheds: Results for 280 sera tested for aCL IgG using a commercial kit
(INOVA) were selected consecutively (140 positive [>>15 GPL], 140 nega-
tive [=15 GPL]). Charts were retrospectively reviewed and diagnoses
recorded. Data were analysed using Sigma Stat to compare distribution and
titres for each group.

Results: Sera were distributed among the 3 diagnostic categories as
follows: RPL 1447280 (51.4%); SLE 83/280 (29.6%); and APS 53/280
(18.9%). Of the 144 RPL sera, 42 (29.2%) were positive; of the 83 SLE sera,
50 (60.2%) were positive; and of the 53 APS sera, 48 (90.6%) were positive
for aCL IgG. The prevalence in each group was significantly different from
the others (p = 0.0001). The titres were also significantly different among the
140 positive sera, when divided into diagnostic classifications. The highest
titres were seen among patients with APS, and the lowest among patients with
RPL (APS vs RPL: p = 0.0001; APS vs SLE: p = 0.04; SLE vs RPL: p <
0.01). No women in the RPL group had an aCL value of > 32 GPL,
compared to 12/50 (24%) of women in the SLE group and 24/48 (50%) of
wornen in the APS group. In contrast, 36/42 (85.7%) of women in the RPL
group had aCL levels between 15-20 GPL, compared to 20/50 (40%) of
women in the SLE group and 13/48 (27.1%) of women in the APS group.
Using a cut-off of 30 GPL, the aCL test has a sensitivity of 47.2%, a
specificity of 99.3% and a positive predictive value 0f 96.2% for APS vs RPL.

Conclusion: Although about 30% of women with RPL were positive for
aCL IgG, their titres were significantly lower than those of women with SLE
or APS and none had a titre higher than 32 GPL. Women in the RPL group
with a positive aCL >25 GPL and = 3 early losses but no history of
thrombosis nevertheless fulfil current classification criteria for APS. Our data
indicate that this group appears to comprise a subset within APS with a
distinct aCL 1gG profile. These women may have a different prognosis
requiring a modified therapeutic response.

Disclosure: C.A. Clark, None; K.A. Spitzer, None; J.N. Nadler, None; C.A. Laskin,
None.
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Preterm Deliveries in Women with Systemic Lupus

Erythematosus

CHRISTINE A. CLARK, KAREN A. SPITZER, JAMIE N. NADLER, and CARL A, LASKIN

ABSTRACT. Objective. To compare the clinical, Jaboratory,
with systemic lupus erythematosus (SLE) who
identify any correlations with either term or pret

and demographic variables of women in our clinic
have had a pregnancy resulting in a live birth and
erm delivery.

Methods. Pregnancies in women with SLE from 1999 to 2001 were retrospectively reviewed. We
recorded demographic data, disease activity (SLE Disease Activity Index, SLEDAY), obstetric
history, prednisone dosage, other medications taken during pregnancy, history of renal disease, and

autoantibody status [including antinuclear antibody,

anti-DNA, anticardiolipin IgG (aCL), and lupus

anticoagulant (LAC)]. Preterm delivery was defined as gestational age at delivery < 37 weeks. We
performed a literature survey using PubMed and the key words SLE, pregnancy, and outcome.

Resuldts. Of the 72 pregnancies, 28 (38.9%) resulted in preterm deliveries. There were no significant
differences in any demographic or disease variables measured comparing term versus preterm
delivery groups. More women in the pretenn group were taking = 10 rg/day prednisone during their
pregnancy (50.0% vs 22.2%; p = 0.028), and the mean dose was significantly higher than the term

group taking = 10 mg/day (24.8 vs 16.7 mg/day;
women with aCL IgG in the preterm group (p = 0.

p = 0.047). There was a higher prevalence of
023). The mean weeks gestation was shorter for

women positive for aCL IgG compared to the group negative for aCL (34.9 % 4.4 vs 37.5 + 3.2
weeks, respectively; p = 0.032). There was no di fference in second trimester disease activity between
the term and preterm groups (33.3% and 36.4% of cach group had a SLEDATI of 0). However, signif-
icantly more women in the term group received no medication during their pregnancies compared to

women in the preterm group (20.0% vs 0.0%:

p=0.031).

Conclusion. The rates of preterm deliveries, premature rupture of membranes, intrauterine growth
restriction, and aPL in SLE pregnancies vary considerably in published reports, most of which are
retrospective analyses. Our rates closely approximate the median values for all measures. We found
preterm deliveries to be associated with disease activity (as determined by the use of any medication
throughout pregnancy vs no medication, and prednisone dose = 10 mg/day) and the presence of aCL
IgG but not LAC. Our results suggest that inactive disease rather than controlied discase at the onset
of pregnancy may be the determining factor in extending SLE pregnancies to full term, thereby
decreasing maternal and fetal morbidity, (J Rheumatol 2003;30:2127-32)

Key Indexing Terms:
SYSTEMIC LUPUS ERYTHEMATOSUS
PRETERM DELIVERY

The causes of preterm delivery (< 37 weeks’ gestation)
include premature rupture of membranes (PROM),
preeclampsia, the HELLP syndrome (hemolysis, elevated
liver enzymes, and low platelets), and preterm labor, The
incidence of preterm labor and delivery in women with
systemic lupus erythematosus (SLE) varies between 19%
and 49% in pregnancies occurring after a diagnosis of SLE
compared to the expected rate of 7% for the general popula-
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PREDNISONE PREGNANCY
ANTICARDIOLIPIN ANTIBODIES

tion'>. In a large retrospective review of data over a 2 year
period, Yasmeen, et al® found 21.0% of pregnant women
with SLE had preterm deliveries (116/555) compared to
4.2% of controls (2520/60,000). This increased frequency of
preterm deliveries in SLE has been variously attributed to
the following: increased disease activity (monitored by clin-
ical index, serum C3 concentration at first visit, or pred-
nisone dose), a history of renal disease, PROM,
hypertension (requiring antihypertensive treatment or eleva-
tion of second trimester diastolic blood pressure),
preeclampsia, and the presence of antiphospholipid anti-
bodies (aPL)72,

Any attempt to consolidate published results on SLE
pregnancies from different centers is frustrated by incom-
plete or incompatible reporting methodologies, and it is
difficult to formulate a consensus regarding frequencies of
events and causal relationships when centers apparently
have quite discrepant experiences. The highly variable rate
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of preterm delivery in the literature has been quite rightly
attributed to differences in patient demographics and subjec-
tively defined clinical and laboratory measures.

We have not previously reported preterm delivery rates
in our clinic. In addition to assessing recent pregnancy
outcomes in our patients with SLE, we reviewed the perti-
nent literature and placed our findings in the context of
similar reports.

MATERIALS AND METHODS

Patients. We retrospectively reviewed pregnancy outcomes in our clinic for
the period 1999-2001 in patients who fulfilled the American College of
Rhueumatology criteria for the classification of SLE®, Preterm delivery was
defined as gestational age at delivery of < 37 weeks.

Clinical variables. Age, disease duration at time of pregnancy, and age of
disease onset were obtained from patient charts, Disease activity was deter-
mined in the second trimester using the SLE Diseasc Activity Index
(SLEDAI®. Obstetrical history included number of pregnancies, live
births, spontaneous abortions, sliltbirths, and therapeutic ubortions, A
history of renal disease was determined based on proteinuria > 0.5 g/24 h
prior to the pregnancy and biopsy results when available. Prednisone
dosage in the second trimester was recorded in addition to any other
medications taken during the pregnancy.

Laboratory variables. Our serological analysis included antinuclear ani-
bodies (ANA titer = 1/80, using a HEp-2 substrate), anti-double stranded
DNA antibodies (anti-dsDNA by ELISA), anticardiolipin 1gG (aCL IgG;
Quantalite Kit, Inova, Intermedico, Markham, ON, Cunada), the lupus anti-
coagulant (LAC) measured in plasma by a panel of coagulation tests
(Russell's viper venom time, lupus sensitive partial thromboplastin tine,
kaolin cephalin clotting time, and 2 dilute prothrombin time confirmed by
1:1 and 4:1 repeat testing with normal plasma), and a routine activated
partial thromboplastin time (aPTT).

Statistical analysis. Data were analyzed using the Sigma Stat programme 9
(Version 2.0, SPSS, Chicago, IL, USA). Student’s t test and the Mann-
Whitney rank-sum test (for data not normally distributed) were used to
compare group means or medians, and 95% confidence intervals (CI) were
also calculated. Population prevalences were compared using the z test. A
p value < 0.05 was considered significant.

Literature review. Using the PubMed database (http://www.ncbi.nlm.
nih.gov/entrez/query.fegi) we entered the search words SLE, pregnancy,
and outcome and accessed the titles and ubstracts from 1992 to 2002. From
those, we identified original studies of lupus pregnancies and obtained full
articles for those reporting similar clinical outcome criteria for comparison
purposcs. We attempted to extract from each report the following data:
number of live births, rates of prelerm deliveries, PROM, intrauterine
growth restriction (TUGR), aCL andfor LAC positivity, and conclusions
regarding factors that might contribute to preterm deliveries including
prednisone usage or dosage, disease activity, and aPL positivity.

RESULTS

Demographic and clinical variables. There were 88 preg-
nancies in women with SLE in our clinic between 1999 and
2001, 73 of which resulted in a live birth (82.9%). Of the 73
pregnancies, there were 28 (38.4%) preterm deliveries (<37
weeks). There were no statistically significant differences
between the mean ages, disease durations, ages at disease
onset, second trimester SLEDAI, or histories of renal
disease in the preterm and term delivery groups (Table 1).

Laboratory variables. There was a statistically significant

difference in the frequency of aCL IgG-positive patients in
the preterm delivery group compared to the term delivery
group (55.5% vs 19.4%, respectively; p = 0.023). There
were no significant differences with any other autoanti-
bodies measured (Table 1).

Obstetric histories. There were no differences between the
obstetrical histories of either the term or preterm delivery
groups (Table 2). There were no significant differences in
the obstetrical histories of women who spontaneously went
into labor or who required medical intervention in the labor
and delivery process regardless of the gestational age (data
not shown).

Medications in pregnancy. Significantly more women in the
preterm delivery group were taking = 10 mg/day pred-
nisone compared to the term delivery group (50.0% vs
22.2%:; p = 0.028; Table 3). The mean dose in the preterm
group receiving = 10 mg/day was higher than the mean in
the comparable term delivery group (28.8 vs 16.6 mg/day; p
= 0.047). There were no other significant differences in the
frequencies of medications used by the 2 groups.

There were no women in the preterm delivery group who
received no medication at all throughout the pregnancy,
compared to 9/45 women in the term delivery group (0.0 vs
20.0%, respectively; p = 0.031), despite the lack of signifi-
cant difference in second trimester disease activity as
measured by SLEDAI (Table 1).

Labour and delivery. Fifty women went into labor sponta-
neously: 44 eventually delivered vaginally and 6 had
Cesarean sections (C-sections) due to nonprogressing labor
(Table 4). Of those, 33/50 {66.0%) delivered at or beyond 37
weeks’ gestation and 17/50 (34.0%) delivered preterm.
There was a trend 10 increased prevalence of aCL IgGinthe
spontaneous preterm delivery group compared to the spon-
taneous term delivery group (58.3% vs 24.0%; p = 0.093,
data not shown), but because of small sample size, this did
not reach significance. There were no statistically signifi-
cant differences in number of women in each group
receiving prednisone, prednisone dosage, or taking no
medication at all throughout the pregnarncy.

Twenty-three women required medical intervention
(induction andfor C-section) in their deliveries (Table 4).
Analyzing demographic, clinical, and laboratory results for
spontaneous versus induced deliveries, we found no signifi-
cant differences between the 2 groups (data not shown),

Complications in pregnancy. Table 4 describes the
frequency and distribution of complications requiring
delivery intervention. Significantly more women in the
preterm delivery group were either induced or had a C-
section due to high blood pressure, the HELLP syndrome,
fetal distress, preeclampsia, proteinuria, IUGR, and
decreased amniotic fluid volume combined than in the term
delivery group (10/28 vs 5/45; p = 0.023, 95% CI ~0.441 to
~0.0592, power with o = 0.05: 0.617), although there were
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Table 1. Demographic, laboratory, and clinical variables.

Variable, Mean + SD

Preterm Deliveries, n =28 Term Deliveries, n = 45 ]
Age, yrs (range) 30.6 +4.0 (22-39) 31.2+£3.9 (23-39) 0.536
Disease duration, yrs (range) 83£56(1-21) 7.1+£54 (1-21) 0.354
Age at discase onset (range) 222+ 5.8 (11-32) 24,0 £ 5.6 (12-36) 0.226
2nd trimester SLEDAI (range) 3.1 £3.1(0~12) 23+2.8(0-12) 0.192
History of renal disease (%) 9 (32.1) 13 (28.9) 0.978
Receiving prednisone (%) 19(67.9) 24 (53.3) 0329
ANA (%) 24/25 (96.0) 34/39 (87.2) 0.481
Anli-dsDNA (%) 15/22 (68.2) 21/34 (61.8) 0.904
aCL 1gG* (%) 10/18 (55.5) 6/31 (19.4) 0.023
LAC (%) 5/16 (31.3) 11/24 (45.8) 0.557
PTT** (%) 6125 (24.0) 7/40 (17.5) 0.750

*aCLl= 15 GPL. #+*PTT > 37 s.

Table 2. Comparison of reproductive histories of women with term or preterm deliveries. There were no signif-

icant differences between the 2 groups for any variable,

Variable Preterm Deliveries, n = 28

Previous pregnancies, mean + SD

1 spontaneous abortion (%)

= 2 spontancous abortions (%)

= 1 stillbirth (%)

No history of adverse obstetrical outcome (%)

‘Term Deliveries, n = 45
1.8+09 23+13
4(14.3) 11 (24.4)

1(3.6) 4(8.9)
3(12.5) 4(8.9)
15 (53.6) 23 (51.1)

Tuble 3. Specific medications used throughout 72 pregnancies of women with SLE. Many women received a

combination of therapies.

Medication during Pregnancy

Term Deliveries, n = 45 (%)  Pretern Deliverics, n = 28 (%) P

Prednisone 24 (53.3)
Prednisone dose > 10 mg/day 10 (22.2)
Azathioprine 3(6.7)
Hydroxychioroquine/chloroguine 10 (22,2)
Dexamethasone 1(2.2)
LMW heparin 8(17.7)
Aspirin 25 (55.5)
1V gamma globulin 12.2)
Aspirin only 4(3.8)
No therapy 9 (20.0)

19 (67.9) NS
14 (50.0) 0.028
5(17.9) NS
4 (14.3) NS
1(3.6) NS
5(17.9) NS
16 (57.1) NS
0(0) NS
3Q10.7) NS
0(0.0) 0.031

LMW: low molecular weight,

no significant differences in the frequencies of each indi-
vidual complication between the term and preterm groups.
Literature review. Using the search words SLE, pregnancy,
and outcome, the PubMed database identified 180 publica-
tions from 1992 to 2002. From the abstracts, we selected 27
publications and obtained full texts for each. We then
selected only observational studies (retrospective or
prospective) with adequate sample size that reported
outcome data, and measured the same variables for compar-
ison (Table 5).

With a median sample size of 67 and z total of 638 preg-
nancies, 10 studies including our own found a median of
33.4% (range 7.8%-63.2%) of SLE pregnancies resulted in
preterm deliveries. Rates of PROM and IUGR ranged from

5.6% to 37.9% and 2% to 39.5%, respectively, although the
medians for both were quite low: 7.5% and 9.4%, respec-
tively. The prevalence of aPL in the different samples
ranged from 13.5% to 51.7%, median 32.6%. The median
live-birth rate for SLE pregnancies in 10 studies over the
last 10 years is 80.9% (mean + SD 80.1 + 8.1) Our results
closely match the median values for all variables (Table 5).

There was no consensus regarding the influence of
disease activity, prednisone usage, or aPL positivity on the
incidence of prematurity in SLE pregnancies.

DISCUSSION
In any discussion of preterm deliveries, it is essential to
differentiate between those resuliing from spontaneous
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Table 4. Delivery data for all patients. There was no statistically significant difference in the proportion of women
delivering spontaneously in either the term or preterm delivery groups. However, significantly more women in

the preterm delivery group were either induced or had a

C-section due to high blood pressure, HELLP syndrome,

fetal distress, preeclumpsia, proteinuria, IUGR, and decreased amniotic fluid than in the term delivery group
(10/28 vs 5/45; p = 0.026, 95% CI 0.0554 10 0.437, power with o = 0.05: 0.602).

Labor and Delivery Total Preterm Deliveries, Term Deliveries,
n =73 (%) n =28 (%) n=45(%)
Spontaneous onset of labor 50 (68.5) 17 (60.7) 33 (73.3)
Normal vaginal delivery 44 (60.3) 15 (53.6) 29 (64.4)
C-section (nonprogressing labor) 6(8.2) 2(0.D) 4({8.9)
Prelabor intervention: C-section 14 (19.2) 8 (28.6) 6(13.3)
Breech presentation 340 1(3.6) 2(4.4)
High blood pressure 227 2{(71.1) 0
HELLP 1(1.4) 1(3.6) 0
Preeclampsia 237D 1(3.6) 1(2.2)
IUGR 227 21 0
Petal distress 22D 1(3.6) 1(2.2)
Low-lying placenta 1¢1.4) 0 1(2.2)
Repeat 1(1.4) 0 1 (2.2)
Prelabor intervention: induction 9(12.3) 3107 6(13.3)
Decreased amniotic fluid volume 4 (5.5) 2(7.1) 2(44)
Proteinuria 27 I (3.6) 122
Miscellancous* 340 0 3(6.7)

* Includes post-term inductions.

Table 5. Comparison of results from different studies of SLE pregnancies. Total pregnancies do not include those electively terminated.

Study Total Pregnancies, Index Pregnancies, Preterm Deliveries, PROM, 1UGR, + aPL* Concluded that Prematurity
n (Live Birth Rate, %) n n (%) n (%) n (%) (%) Correlates With
Discase  Prednisonc  aPL
Activity Use
Le Thi Huong'? 94 (80.9) 76 48 (63.2) ND 30(39.5) 10/74 (13.5) Yes Yes No
Lima* 108 (82.4) 89 38 (42.3) 5**(5.6) 30(33.7) 25/73(34.2) No No No
Johnson!? NA**x 58 27 (46.6) 22 (37.9) ND ND No No No
Le Thi Huong'¥ 60 (80.0) 48 29 (60.4) ND 1(2.0) Not Clear No No Yes
Rahman'6 121 (71.1) 86 21 (24.4) ND 6(1.0) 15029 (51.7) No No No
Carmona®? 57 (93.0) 53 11 (20.8) 4 (7.5) 5(9.4) 16 (30.2) No No No
Kobayashil? 74 (89.2) 66 11 (16.7) (12  14(21.2) 12/33(36.7) Yes Yes No
Georgiou's 56 (69.6) 39 3(7.8) ND 2(5.1) 7(17.9) Yes ND No
Cortez-Herrnundez! 95 (71.6) 68 19 (27.9) ND 21 (31.0) 22/68 (32.4) Yes Yes Yes
Present study 88 (83.0) 73 28 (38.4) 5(6.8) 2(27)  16M49(32.7) Yes Yes Yes
Median (min-max) 88 (80.9) G7 (39-89) 33.4% 7.5% 9.4% 32.6% 5/10 Yes 4/9 Yes  3/10 Yes
(78-632)  (56-37.9) (2-39.5) (13.5-51.7)

* Anticardiolipin 1gG and/or IgM and/or LAC. ** The authors reported both 5.6% in the results section and 11% in the discussion section, ¥** Only reported

data for women with gestations > 23 weeks. ND: not done or not discussed.

onset of labor before 37 weeks and those that are the result
of a clinical condition, either maternal or fetal, necessitating
medical intervention. In our sample of women with SLE,
34.0% (17/50) went into labor before 37 weeks’ gestation
spontaneously, not a significantly different proportion than
the proportion in the whole sample including both sponta-
neous and induced deliveries (38.4%, 28/73; p = 0.759;
Table 4).

We found 38.4% of deliveries were preterm in our
sample of 73 SLE pregnancies. They were associated with
disease activity as determined by either prednisone dose or

ho medication at all, and aCL IgG positivity. However, after
controlling for spontaneous versus induced onset of labor,
these differences disappeared other than a trend toward
increased prevalence of aCL IgG in the preterm group.
There were no differences in the demographic or obstetrical
histories of our patients to indicate any associations with
preterm delivery.

The increased incidence of preterm deliveries in SLE
compared to the general population is well described, and a
number of factors have been reported in association witli the
increase including hypertension, active disease at pregnancy
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outset, decreased serum C3, prednisone treatment, and
aCL™10, However, there is no consensus regarding these
factors (Table 5). Johnson, et al'? and Lima, er al™ did not
find disease activity, prednisone use, or serologic studies
predictive of preterm delivery. In contrast, in a review of 9
years’ experience at the Hopkins Lupus Pregnancy Center,
Petri reported that disease activity, measured by either
disease activity indices or laboratory markers, was predic-
tive of preterm deliveries in SLE patients®,

Lockwood, er al? reported an association between anti-
cardiolipin antibodies and preterm delivery in a general
obstetric population. Anticardiolipin antibodies were associ-
ated with an increased incidence of preterm deliveries in a
report by Ramsey-Goldman, et a/8. However, in that study,
preterm delivery was defined as before 38 weeks® vs 37
weeks’ gestation, and pregnancies were stratified by timing
before and after diagnosis of SLE and by number of preg-
nancies, before the increase became significant. Cortes-
Hernandez, et al'! also noted a significant association of
preterm delivery with aPL positivity, using multiple logistic
regression. Others have not found an association with
aPL"2_ Although aCL were found twice as frequently in
the preterm delivery group, there did not appear to be a coin-
cident occurrence of IUGR or placental abnormalities that
are characteristic of the aPL syndrome. Interestingly, there
was no increase in the frequency of LAC in the preterm
group. There was no distinguishing autoantibody profile,
other than the increased aCL, associated with preterm
delivery.

In a randomized controlled trial, we found a significant
increase in preterm delivery but not PROM or TUGR in a
group of women with recurrent pregnancy loss and circu-
lating autoantibodies (but not SLE) treated with prednisone
and acetylsalicylic acid, suggesting that prednisone itself
may have a significant effect on the incidence of preterm
delivery?. We did not find an increased number of women
using prednisone in the preterm delivery group in this study
of SLE pregnancies, but we did find a significantly higher
number of women in the preterm delivery group taking = 10
mg/day. This was not a reflection of increased disease
activity during the pregnancy as measured by the second
trimester SLEDAI, as we found no association between
disease duration or activity with preterm delivery. The
higher frequency was more likely due to a higher antenatal
dose maintained throughout the pregnancy, reflecting a situ-
ation in which the patients had stable but not inactive
disease at onset of pregnancy. There are a number of inves-
tigators whose experience differs from ours, although others
have also observed this association between prednisone
dose and preterm delivery!1:1220,

An increase in the frequency of renal disease in SLE
patients with preterm deliveries has been reported!?, but we
did not observe this in our sample.

Our study has some limitations and our results should be

interpreted within the context of those limitations. Because
the study was retrospective, we have incomplete laboratory
results (Table 1) and the sample sizes for each antibody
measured are variable, resulting in inadequate or reduced
confidence in our statistical analysis. In addition, the
SLEDAI is validated for prospective studies and may be
limited when applied retrospectively?. For example, 20% of
women in the term delivery group were medication-free
during their pregnancies compared to none of the women
with preterm deliveries, although there was no significant
difference in the mean disease activity levels between the 2
groups as determined by our chart review. Intuitively, one
would expect to find higher levels of disease activity in
conjunction with higher doses of prednisone, and we did not
find this to be the case. Whether the timing of the SLEDAI
assessment would alter this result is not known.

With regard to the literature review, it was challenging to
extract the necessary values from many of the reports, and
in several cases we had to estimate rates and prevalences
from raw data scattered throughout the results and discus-
sion sections. In addition, there are no standardized criteria
for classifying patients, symptoms, and laboratory values.
There is continuing controversy regarding assay method-
ology and titer interpretation of aCL levels, and reporting of
aPL positivity may not specifically provide aCL or LAC
results separately. This makes comparisons all the more
difficult and unreliable. Our attempt to compare specific
outcomes and frequencies of preterm deliveries, PROM,
IUGR, and aPL positivities in SLE pregnancies in different
reports highlighted the difficulty of developing a consensus
in the absence of standardized documentation.

On a more positive note, and in conclusion, it should be
reiterated that 73 of 88 pregnancies among our patients with
SLE over a 2 year period resulted in a live birth (83%)
regardless of disease status and therapy. In our experience,
and in that of many other investigators, closely monitored
SLE pregnancies have a good prognosis for both mother and
neonate.
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The Critical Role of Arginine Residues in the Binding of Human
Monoclonal AntiphospholiPid Antibodies to B2Glycoprotein 1. Tan
Giles', Nancy Lambrianides', Yiannis loannou', David Latchman', Pojen
Cher?, Reginald Chukwuocha?, David Isenberg', Anisur Rahman'. 'Uni-
versity College London, London, United Kingdomy; Department of Medi-
cine, Division of Rheumatology, University of Califoria, Los Angeles, CA

Purpose: Previously, we reported that specific arginine (Asg) residues in
the heavy chain (VH) of a human pathogenic S2GPl-dependent antiphospho-
fipid antibody (aPL), 1S4, and light chain (VL) of a human anti-DNA
antibody, B3, were important in conferring their ability to bind cardiolipin
(CL). We were unable to demonstrate binding to B2GP}, due to the lower
yield of antibody in the transient expression system. In order to improve the
yield of IgG, a stable expression system was developed to examine the
importance of specific Arg residues in IS4VH and paired VL in binding to
native B2GP1 and to domain I (D1) of B2GP!I alone,which we hypothesised
to contain the immuodominant epitopes for aPL.

Methods: VH and VL ¢DNA were cloned into the same expression
veclor containing appropriate constant region cDNA. The distribution of Arg
residues in complementarity determining regions (CDRs) of VH and VL
sequences were altered by site-directed mutagenesis or VL exchange. Three
232 derived VL sequences (IS4, B3 and UK4, a B2GPl-independent aPL)
were paired with native IS4VH. Five variants of 184VH, containing different
patiemns of Arg residues in CDR3, were paired with 1S4VL and three with
B3VL. These plasmids, containing the dihydrofolate reductase gene (dlif?),
were tansfected into CHOdRf™ cells by electroporation. To select for
incorporation of the plasmid, transfected cells were grown in medium lacking
ribonucleosides and deoxyribonucleosides. Individual colonies of cells were
isolated and, once confluent, the cell supernatants were tested for the presence
of whole 1gG by ELISA. Plasmids were amplified by exposure to methofrex-
ate. The ability of the 11 expressed VH/VL combinations to bind CL, B2GPI
and D1 were determined by direct ELISA. Recombinant D1 was produced by
a novel bacterial expression system developed by our group and contains a
C-terminal his-tag to facilitate purification and binding to nickel chelate
ELISA plates.

Resuilts: Of four Arg residues in IS4VH CDR3 substituted to serines, two
at positions 100 and 100g had a major influence on the strength of CL, B2GPI
and D binding whilst two at positions 96 and 97 had no effect on CL binding
but had a moderate effect on 52GPI and D1 binding. The presence of B3VL
conferred the strongest binding to CL, B2GPI and DI. IS4VH/UK4VL
however exhibited good binding to D1, very weak CL binding and no binding
to 2GPL

Conclusion: An increased yield of IgG from a stable expression system
has confirmed that similar subsets of Arg residues at specific locations in the
CDRs of VH and VL of pathogenic aPL. are important in determining their
ability to bind B2GPI and D1 alone, as well as CL. The similar patterns of
binding to B2GPl and D1 obtained with the majority of the VH/VL
combinations tested suggests that the epitope for these antibodies resides upon
domain | of B2GPL

Disclosure: I Giles, None; N. Lambrianides, None; Y. Ioannou, None; D. Latch-
man, None; P. Chen, None; R. Chukwuocha, None; D. Isenberg, None; A, Rahman,
None.
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A Novel, Efficient Prokaryotic Expression System of Domain T of Human
Beta2 Glycoprotein I. Yiennis loannou, Nancy Lambrianides, lan Giles,
David Latchman, David Isenberg, Anisur Rahman. University College
London, London, United Kingdom

Purpose: Expression of eukaryotic proteins in bacteria, though often the
expression method of choice, is frequently hampered by a number of
properties that make expression difficult. Consequently other more expensive
and time consuming methods of production in higher systems need to be
explored. Domain I (D1) of human beta2 glycoprotein I (52GP]) is thought
to contain crucial antibody binding epitopes for antiphospholipid antibodies
{aPL), which are critical to the pathogenesis of the antiphospholipid syndrome
(APS). D1 expression has been established using baculovirus in fnsect cells
and has recently been studied therapeutically for its use in APS as a tolerogen.

§71

We hypothesised that the presence of ‘minor’ codons in the native cDNA
sequence of D1, as well as disulphide bonds and bacterial toxicity were the
main obstacles accounting for the current absence of a prokaryotic expression
system of D1. Hence our aim was to establish the first expression system of
Dt of human B2GPI in E.coli by addressing the factors identified in our
hypothesis.

Methods: Using recursive PCR, a synthetic gene incorporating ‘major’
codons preferred by bacteria was made encoding for a his-tagged D1 protein
with an N-terminal signal peptide. This was cloned into an expression plasmid
pET(26b) (Invitrogen), with expression driven by the T7lac promoter in
protease deficient BL21(DE3) E.coli. By virtue of the signal sequence,
periplasmic localisation of D] aided disulphide bond formation, which was
subsequently purified via nickel chromatography utilising the C-terminal
his-tag. Toxicity was addressed by tightly regulating expression through
additional Jac repression at the plasmid level provided by the high stringency
T7lac promoter. In addition cultures were incubated in the presence of
glucose at 30°C.

Results: Purified, soluble D1 in yields of 750ug/L bacterial culture were
obtained. Correct folding was confirmed on Western blot by binding to two
murine monoclonal anti-D1 antibodies (6C4C10 and mAb-16) that recognise
conformational epitopes of D1. Binding to an_affinity purified human
monoclonal aPL (IS4) was confirmed by direct immunoassay. Expression
using the native human cDNA sequence of D1 in the same construct under
identical conditions yielded 35% less his-tagged D1 compared to the
recombinant sequence optimised for bacteria.

Conclusions: This is the first description of prokaryotic expression of
soluble D1 of B2GPI at good levels. Ease, efficiency and relatively inexpen-
sive cost of this production system will aid future production and studies of
D1, helping to further clucidate its role as an antigenic target in the
pathogenesis of APS. Furthermore this problem-based approach may poten-~
fially be applied to other eukaryotic proteins containing disulphide bonds,
which do not require any additional post-translational modification, and
where prokaryotic expression in the past may have proved difficult.

Disclosure: Y. Ioannou, None; N. Lambrianides, None; L. Giles, None; D. Latch-
man, None; D. Isenberg, None; A. Rahman, None.
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Screening Results for 847 Women Attending a Recurrent Pregnanc
Loss Chinie, Christine A. Clark’, Carl A. Laskin', Jeffrey S. Ginsberg{
Mark A. Crowther?, Karen A. Spitzer', John C. Kingdom?, Jon F.R. Barrett’,
Michael Gent2, 'University of Toronto, START Reproductive Biology Unit,
Toronto, ON, Canada; *McMaster University Medical Centre, Hamilton, ON,
Canada; *University of Toronto, Toronto, ON, Canada

Purpose: To present the screening results of a large ethnically hetero-
geneous population of 847 women with a history of unexplained recurrent
pregnancy loss (RPL) referred to a tertiary clinic and determine the distribu-
tion of etiologies.

Methods: Data regarding age, obstetric history, autoantibody and throm-
bophilia positivity, and hormonal, genetic and anatomic abnormalities were
prospectively obained during screening for the HepASA trial. Laboratory
analysis included: antinuclear antibody (ANA); anti-ds and ss DNA and
anti-lymphocyte IgM antibody; anti-cardiolipin (aCL) 1gG and IgM; a lupus
anticoagulant (LAC) panel; and a thrombophilia screer comprising protein C,
protein S, antithrombin 111, and factor V Leiden. Women were also investi-
gated for the presence of anatomic, genetic and hormonal abnormalities.

Results: The mean age of the screened population was 34.9 & 4.7 years.
Forty-seven (5.5%) patients screened denied a history of consecutive losses.
Six hundred and sixty-five women (78.5%) had = 2 consecutive losses before
14 weeks' gestation; 27 women (3.2%) had = one late loss (>14 weeks’
gestation); and 108 women (12.8%) had a history of both early and late losses.
ANA, anti-DNA and anti-lymphocyte antibodies were found in 109 (12.9%);
at least one anti-phospholipid antibody (including aCL and LAC) were found
in 133 (15.7%); and a thrombophilia defect was found in 63 (74%). 286
women (35.8%) presented with at least one autoimmune or coagulation
abnormality. 99 women (12.4%) had an anatomic, hormonal or genetic
abnormality and were sent for appropriate treatment or counselling. There
were no significant differences in the ages of the various groups.

Conclusions: We found a low prevalence of inherited thrombophilias
(7.4%) in our large, ethnically heterogeneous sample, contrary to earlier
reports in smaller, ethnically homogeneous populations. Recurrent early loss
represented the most common obstetric history; late loss only occurred in a
very small minority of women (3.2%). Slightly more than 10% of women had
a genetic, anatomic or hormonal abnormality that might account for their




RPL. About 35% of women had either an autoimmune or a coagulation
abnormality towards which most treatment protocols are currently directed.
Almost 60% of women presenting at our clinic with a history of RPL,
however, had no identifiable putative etiology for their condition,

Disclosure: C.A. Clark, None; C.A. Laskin, None; J.S. Ginsberg, None; MLA.
Crowther, None; K.A. Spitzer, None; J.C. Kingdom, None; J.F. Barrett, None; M.
Gent, None.
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Frequency of Anticoagulated Patients Meeting Criteria for APS. Rich-
ard H. White', Andrew Dun?, Peter Kaboli>. 'UC Davis, Sacramento, CA;
*Mt Sinai, New York, NY; *Univ lowa, lowa City, 1A

Purpose: Although there are specific criteria for diagnosis of the an-
tiphospholipid antibody syndrome (APS), most physicians are not aware that
these criteria include repeat testing, documenting the presence of either a
lupus anticoagulant or medium to high levels of anticardiolipin antibody. An
incorrect diagnosis of APS potentially results in unnecessary long-term oral
anticoagulation,

Methods: A cross-sectional study at three university-based anticoagula-
tion clinics was performed. All patients diagnosed as having APS and being
treated with warfarin were identified. Levels of anticardiolipin antibody were
classified as low-positive if abnormal but less than 40 GPL/MPL units and
high-positive if 240 units. Strength of meeting the Sapporo diagnostic criteria
was graded as definite, possible, and not meeting criteria.

Results: Of 103 cases, 97 had clinical and laboratory data available. Only
10 cases (10%, 95% Confidence Interval 5-19) had a definite diagnosis of
APS, 16 (16%, 10-26) had a possible diagnosis, and 71 (73%, 63~81) did not
meet the criteria. Among 91 cases tested for anticardiolipin antibody or the
lupus anticoagulant (LA), only 35 (39%, 95% CI = 29-49%) had either one
or more positive LA fest or two repeatedly high-positive anticardiolipin
antibody levels, and only 50 (55%, 95% CI = 44-65%) had one or more
high-positive anticardiolipin antibody levels or a positive lupus anticoagulant
test. The proportion of cases meeting the Sapporo criteria was similar at the
three sites: 5%, 13%, and 13% of cases. Repeat laboratory testing was
performed in only 49 cases (51%, 40-61).

Conclusions: Only a small percentage of patients being treated for APS
met the Sapporo criteria. Abnormal levels of anticardiolipin antibody were
frequently only in the low-positive range, and repeat testing was frequently
absent. A quality improvement program that includes expert review of cases
referred for chronic anticoagulation care is recommended to ensure appropri-
ate diagnostic testing and treatment of patients with suspected APS,

Disclosure: R.H. White, None; A. Dunn, None; P. Kaboli, None.
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Factor XI Autoantibodies as a Novel Marker for Thrombosis in Patients
with Systemic Lupus Erythematosus. Kirti Mepani', Maria Laura Berto-
laccini’, Giovanni Sanna®, Graham RV Hughes', Munther A Khamashta'.
'Lupus Research Unit, The Rayne Institute, St Thomas’ Hospital, London,
United Kingdom; *Rheumatology Department, Homerton University Hospi-
tal, London, United Kingdom

It has recently been reported that the presence of antiphospholipid
antibodies induces factor XII reduction, and that anti-factor XII antibody
(aFXII) can be detected in thrombotic patients. We designed this study fo
assess the prevalence and clinical significance of aFXIl in a large cohort of
SLE patients.

Patients and methods: This study comprised 127 patients, all fulfilling at
Jeast 4 of the 1982 criteria for the classification of SLE. All patients were
tested for IgG and IgM aFXII by an in-house ELISA. One hundred and
twenty-three healthy donors comprised the control group.

Results: The study group comprised 123 female with a mean aged42 + 12
years and a mean disease duration 12.6 = 8.5 years. Forty-three patients had
a history of thrombosis (22 arterial, 11 venous and 13 both arterial and
venous) but only 22 fulfilled 1999 Sapporo criteria for APS. Fifty out of the
127 SLE patients (39%) and 9/123 healthy controls (7%) were positive for
aFXII (36 1gG, 3 1gM and 11 both from the SLE group and 5 IgG and 4 IgM
in the control group). Patients with thrombosis presented 1gG and IgM aFX1I
more frequently than controls (35% vs. 4%, OR 12.6 [95% CI 43-37, P<
0.0001 and 13% vs. 3%, OR 4.5 [95%CI 1.2-13), P = 0.03, respectively).
Levels of 1gG and 1gM aFXII were also higher in patients with thrombosis
than in the control group (13.4 % 13 vs. 7.6 = 3, P < 0.0001 and 2.0 * 1.8

vs. 1.5 £ 001, P = 0.005; respectively). IgG and IgM aFXII were more
frequent in patients with arterial thrombosis than in controls (37% vs, 4%, OR
14 [95% CI 4.5-43], P < 0.0001 and 14% vs. 3%, OR 5 [95%CI 1.2-20],
P = 0.03, respectively). Levels of IgG and IgM aFXII were also higher in
patients with arterial thrombosis than in the controls (13.8 * 13 vs. 7.6 * 3,
P <0000l and 2.1 % 2 vs. 1.5 % 0,01, P = 0.001; respectively). I3G but not
IgM aFXIl were more frequent in patients with venous thrombosis than in
controls (42% vs. 4%, OR 17 [95% CI 5-56}, P < 0.000] and 12% vs. 3%,
P = 0.09, respectively).

Conclusion: aFXIl are frequent in SLE patients. Their presence i
associated with thrombosis making these antibodies a novel potential marker
for the APS.

Disclosure: K, Mepani, None; M. Bertolaccini, None; G. Sanna, None; G. Hughes,
None; M. Khamashta, None.
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Factor XII Autoantibodies as a Novel Marker for Adverse Obstetric
History in Systemic Lupus Erythematosus. Kirti Mepani', Maria Laura
Bertolaccini', Giovanni Sanna®, Graham RV Hughes', Munther A Kha.
mashta'. 'Lupus Research Unit, The Rayne Institute, St Thomas® Hospital,
London, United Kingdom; *Rheumatology Department, Homerton Univer.
sity Hospital, London, United Kingdom

Factor XII deficiency has been associated with fetal loss. As the presence
of antiphospholipid antibodies may induce factor XII reduction, and anti-
factor X11 antibodies (aFXII) can be detected in patients with fetal loss, we
designed this study to assess the prevalence and clinical significance of aFX1l
in a large cohort of SLE patients with adverse obstetric history.

Patients and methods: This study comprised 83 females with 2 mean age
of 47 = 11 years and a mean disease duration of 14 * 9 years, all fulfilling
at least 4 of the 1982 criteria for the classification of SLE. [gG and IgM aFXQl
wese measured by an in-house ELISA. One hundred and twenty-three healthy
donors comprised the control group.

Results: Thirty-five out of the 83 patients (42%) had adverse obstetric
history. Twenty patients had a history of miscarriages <10" week of
gestation, 5 had history of fetal deaths 210" week of gestation and 10 had
history of both miscarriages and fetal deaths, Only 18 fulfilled 1999 Sapporo
criteria for APS. Thirty-three out of the 83 SLE patients (40%) and 9/123
healthy controls (7%) were positive for aFXII (24 IgG, 2 IgM and 7 both from
the SLE group and 5 IgG and 4 IgM in the control group). Patients with
adverse obstetric history presented IgG but not IgM aFXII more frequently
than controls (40% vs. 4%, OR 16 [95% CI 5.1-48], P < 0.0001 and 9% vs.
3%, P = 0.2, respectively). IgG aFXII were also more frequent in patients
with miscarriages and fetal death than in controls (47% and 40% vs. 4%, OR
21 [95% CI 7-65], P < 0.0001 and OR 16 [95%CI 4-61], P = 0.0002,
respectively). The prevalence of IgM aFXII was not different between groups
(10% for miscarriages, 13% for fetal death and 3% for the control group).
When considering only patients who fulfil Sapporo criteria, IgG but not IgM
aFXII were more frequently found in patients with pregnancy morbidity than
in the contro! group (39% vs. 4%, OR 15 [95%CI 4.1-55], P < 0.0001 and
11% vs. 3%, P = 0.2, respectively).

Conclusion: aFXIl, particularly of the IgG isotype, are fiequent in SLE
patients with adverse obstetric history. Their association with pregnancy
morbidity warrants further investigation.

Disclosure: K. Mepani, None; M. Bertolaccini, None; G. Sanna, None; G. Hughes,
None; M. Khamashta, None.
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Anti-Cd40 Antibodies in Antiphospholipid Syndrome and Systemic
Lupus Erythematosus. Panayiotis Viachoyiannopoulos, Clio Mavragani,
Anthi Balitsari, Eft Bourazopoulou, John Routsias. Medical School, Univer-
sity of Athens, Athens, Greece

Purpose: Anti-B2glycoprotein 1 antibodies induce the precoagulant ac-
tivity of the endothelium by cross-linking the 82 glycoprotein (B2GPl) on the
cell surface, Since B2GPI lacks intracellular domains we searched the
possibility that anti-B2GPI antibodies recognize the CD40 molecule, which is
capable to initiate signalling, The reason for this is that engagement of CD40
(by antibodies or CD40L) resembles many of the unexplained consequences
of anti-B2GP1 binding as (i) NFKB expression, {ii) induction of adhesion
molecules (E-selectin, VCAM) and tissue factor on the surface of endothelial
cells, (iif) secretion of proinflammatory cytokines and (iv) platelet activation.
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SUCCESSIVE PREGNANCY OUTCOMES WITH LOW MOLECULAR WEIGHT
HEPARIN AND ASA

Christine A. Clark , Karen A. Spitzer , Carl A. Laskin*

Departments of Medicine, Obstetrics and Gynecology, and Immunology,
University of Toronto, and the S.T.A.R.T. Reproductive Biology Unit, Toronto,
Ontario, Canada

BACKGROUND: Many groups have reported low molecular weight (LMW)
heparin + aspirin (ASA) treatment for women with immunological or coagulation abnormal-
ities and the success rates are given for index pregnancies in a study setting. In a routine
clinical setting, women frequently have at least one pregnancy subsequent to study com-
pletion.

OBJECTIVE: To determine the live birth rate in women with a history of recurrent
pregnancy loss (RPL) and at least 2 pregnancies treated with LMW heparin and ASA.

METHODS:. We prospectively followed women through all pregnancies subse-
quent to participation in a randomized clinical trial evaluating LMW heparin and ASA.
Inclusion criteria for the first trial required that all women had a history of either primary or
secondary RPL defined as * 2 serial losses in the absence of anatomic, hormonal, or
genetic abnormalities. In addition, all wormen were positive for at least one of the following:
anti-ds or ss DNA or anti-nuclear antibodies, anti-lymphocyte IgM, anti-cardiolipin 1gG, or a
lupus anticoagulant. All women received LMW heparin and ASA in each subsequent preg-
nancy and were included in this observational study regardless of their outcome in the ini-
tial study pregnancy.

.. RESULTS: Forty-four women had ® 2 pregnancies treated with LMW heparin and
ABA. There were 31 live births in the first pregnancy (70.5%), 10 spontaneous abortions
(22.7%), and 3 still births (6.8%). In the second treated pregnancy, regardless of the out-
come in first, there were 32/44 live births (77.4%): 8/13 (61.5%) live births in women after
an initial failure and 24/31 (80.5%) live births after an initial success. Eleven of the 44
women had a third treated pregnancy, 3/44 had a fourth pregnancy, and 1 had a fifth treat-
ed pregnancy. Cumulatively, the number of women with at least one live birth after 2 preg-
nancies treated with LMW heparin and ASA was 39/44 (88.6%) and 42/44 had at least one
live birth {95.5%) after * 2 treated pregnancies.

CONCLUSIONS: We observed a high success rate (95%) over a number of
pregnancies with LMW heparin and ASA treatment for women with RPL. While randomized
clinical trials may provide a snapshot of the efficacy of a therapy, they do not reflect the
clinical reality of coping with and treating RPL throughout subsequent pregnancies.
Whether the eventual pregnancy successes were a direct result of the LMW heparin and
ASA, or whether the treatment was secondary or even inconsequential to the persever-
ance and determination of our patients (as evidenced by the successful pregnancy that
occurred only after a fifth attempt in one woman), the overwhelming majority had at least
one live birth on treatment.
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Effects of EPCR Gene Polymorphisms, Anti-EPCR Autoantibodies and
SLE Disease Activity on SEPCR Levels: Multiple Variables May Impact
Coagulation Risk in SLE. Tetsuya Horita, Kenaz Thomas, Ewa Olech, Stan
Kamp, Eric Finley, Joan T. Merrill. Oklahoma Medical Research Foundation,
Oklahoma City, OK

Purpose: The antiphospholipid syndrome (APS) is characterized by
thrombosis and autoantibodies to coagulation proteins including several
interacting members of the protein C anticoagulant pathway, including the
endothelial protein C receptor (EPCR). The aim of the current study was to
investigate, in a population with SLE, the relative impact of anti-EPCR,
autoantibodies, genetic polymorphisms of EPCR and SLE disease activity on
soluble levels of EPCR (sEPCR), which have previously been described as
elevated in SLE ( Kurosawa Blood 1998 ).

Methods: 94 patients who met 1982 (rev) criteria for SLE were studied
(29 African descent, 8 Native Am, 2 Asian, 54 Caucasian, of whom 12 were
‘men and 82 women). 11/94 met Sapporo criteria for APS. DNA was
genotyped for two common EPCR polymorphisms (SNPS) (15867186 A/G,
associated with high sSEPCR, and 159574 G/C, associated with high levels of
activated anticoagulant protein C) using Li-Cor automated sequencers.
Plasma sEPCR levels were measured by ELISA and a direct binding ELISA
was developed and standardized against 67 healthy controls to detect
anti-EPCR autoantibodies.

Results: Average SEPCR levels in this SLE population were 230 ng/m}
confirming the previous report of elevated sEPCR in SLE. Gender and
ethnicity had no effect on these levels. A trend was observed of increased
mean SEPCR in patients with low BILAG scores (lowest quartile BILAG <
or = 4) with 214 ng/ml vs highest quartile (BILAG > or = 8) 188 ng/rul. 1]
patients with a minimum of an § point difference in BILAG scores at two
different visits were also evaluated with mean sEPCR in lower BILAG scores
247ng/mi vs 223 with higher BILAG scores. Mean sEPCR for 16 patients
with AG genotype for 15867186 was 293 ng/ml confirming some impact for
this genotype. 13 of the 94 patients were positive for anti-EPCR autoanti-
bodies of which 5 had elevated sEPCR (mean 491 ng/ml),

Conclusions: Our data are consistent with previous reports that sSEPCR
levels are increased in patients with SLE with or without the 15867186
genotype, and further suggest a possible impact of disease activity and
autoantibodies to EPCR.

Disclosure: J.T, Mérrill, None.
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Comparison of Clinical Events in Patients with Consistent and Fluctu-
ating Lupus Anticoagulant Resuits. Christine A Clark, Karen A. Spitzer,
Carl A, Laskin. University of Toronto and LifeQuest Centre for Reproductive
Medicine, Toronto, ON, Canada

Purpose: The lupus anticoagulant (LAC) is frequently measured when
patients present with clinical features of systemic lupus erythematosus (SLE),
antiphospholipid syndrome (APS), or unexplained recurrent pregnancy loss

L; women with = 2 losses, not fulfilling classification criteria for APS).
Once found positive (and confirmed at least 6 weeks later), subsequent
Tneasurements are not often performed. We determined how many patients
attending our tupus and/or RPL ¢linics had consistently positive LAC results
over a S-year period and whether the consistency of results has clinical
correlations,

Methods: We performed a database search and chart review to determine
LAC results and clinical events for patients who had =3 LAC tests over 5
years from 2000-2004. Demographic, diagnostic, obstetric, and thrombotic
histories were obtained from charts. LAC was measured using a panel of tests
Including dilute PT, DRVVT, LA sensitive PTT, and KCT; a confirmed
Prolonged result for 21 of these tests constituted a positive result. LAC values
Were tabulated and patients assigned to 1 of 3 groups: consistently positive;
consistently negative; and fluctuating. Prevalences were compared using z
tests with 95% confidence intervals for the differences.

Results: Eighty patients had = 3 LAC tests performed over 5 years: 47
Patients were consistently negative, 19 were consistently positive, and 14 had

fluctuating results over the 5 years. The frequencies of clinical events
associated with each group are shown below.

Variable

% Neg LAC % Pos/Neg LAC % Pos LAC

SLE 53.2 57.1 10.5
APS 6.4 7.1 52.6
RPL 27.7 286 0

SLE/APS 0 [y 36.8
Hx Thrombosis 10.6 0 526
Still Birth Ever 10.6 0 73.6
Live Birth Ever 60.0 85.7 211

Conclusions: Patients with consistently negative LAC results did not
have significantly different frequencies of clinical events than patients with
fluctuating results, However, hoth groups were significantly different from the
group with consistently positive results. These observations suggest that LAC
levels should be regularly monitored in young women with SLE and/or RPL
who have an initially positive set of test results as the levels can fluctuate in
about 40% of patients. Women with consistently positive results appear to
have a much poorer obstetric prognosis.

Disclosure: C.A. Clark, None; K.A. Spitzer, None; C.A. Laskin, None.
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Incidence of Thrombotic Events in Systemic Lupus Erythematosus
Patients with High Levels of Homocysteine and Positive Anti-Cardiolipin
Antibodies. Ewa Olech, Paul Kamp, Ranit C Shriky, Stan Kamp, Kathleen
O’Brien, Joan T Merrill. Oklahoma Medical Research Foundation, Okla-
homa City, OK

Purpose: Hyperhomacysteinemia and anticardiolipin antibodies are as-
sociated with increased risk for thrombosis, which is a frequent complication
of systemic lupus erythematosus (SLE). The current study aimed to determine
if high homocysteine levels and anti-cardiolipin antibodies are associated with
an increased number of thrombotic events in SLE patients.

Materials and Methods: 107 SLE patients from the Oklahoma Lupus
Cohort were evaluated between March 2003 and April 2005. Plasma
homocysteine levels and anti-cardiolipin antibodies were measured and the
history of thrombotic events was collected, including fetal losses, venous and
arierial thromboses. The data were analyzed according to normal (< 11.4
micromol/l) and high homocysteine levels; and presence or absence of
anti-cardiolipin antibodies (aCL),

Results: There were 95 (88.8%) females and 12 (11.2%) males in the
study group. Total number of the thrombotic events was 85 with a mean of
0.79 events per patient, suggesting a very high incidence in this population,
Twenty five (23.4%) patients had elevated homacysteine levels (prevalence
of hyperhomocysteinemia in general population: 5-7%). Out of those 25
patients, 12 had at least 1 thrombotic event, The mean number of thrombotic
events in the hyperhomocysteinemic group was 1.4 vs only 0.6 in the group
of patients with normal homocysteine.

50 (46.7%) patients had anti-cardiofipin antibodies. There were more
thrombotic events in the aCL positive vs negative patients (0.94 vs 0.67), but
the total number of patients with history of thrombosis and positive aCL was
21 vs. 22 patients with prior thrombosis and no known aPL. Although some
with previous positive aCL might be missed, full record review and multiple
testing has been performed on this population,

The group with positive anti-cardiolipin antibodies and elevated homo-
cysteine levels had the highest mean number of thrombotic events (1.53
events per patient) vs aCL negative/ normal homocysteine group had the
lowest (0.55).

Conclusions: Hyperhomocysteinemia is associated with thrombosis in
SLE patients and might have an effect unrelated to antiphospholipid antibod-
ies.

Disclosure: E. Olech, None; P. Kamp, None; R.C. Shriky, None; S. Kamp, None; K.
O’Brien, None; J.T. Merrill, None.
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Homocysteine Levels, Cardiovascular Risk Factors and Disease Dura-
tion are the Major Predictors of Coronary Calcification Measured by
Eleetron Beam Computed Tomography in SLE Patients Compared to
Age, Gender, and Race Matched Controls. Joan Von Feldt!, E Nackos',
L Scalzi?, S Morthala', A Cucchiara', A Van Dyke', A Chander", E Gehrie'.
"University of Pennsylvania, Philadelphia, PA;“University Hospitals Cleve-
land, Cleveland, OH
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Antiphospholipid Syndrome in Systemic Lupus
Erythematosus: Is the Whole Greater Than the
Sum of Its Parts?

Carl A. Laskin, MD, Christine A. Clark, BSc,
Karen A. Spitzer, BSc

Division of Rhewmatology, Department of Medicine, University of Toronto Faculty of Medicine,
655 Bay Street, 18th Floor, Toronto, ON M5G 2K4, Canada

Systemic lupus erythematosus (SLE) is the prototypic, non-organ-specific
autoimmune disease. When coexisting with the antiphospholipid syndrome
(APS), the disease can be complicated by increased hypercoagulability that may
exacerbate many of the more typical features. This article compares the
manifestations of SLE in the presence and absence of antiphospholipid antibodies
(aPLs), the hallmark autoantibodies of APS. The authors wish to determine if
individuals who have SLE with aPL present a different clinical picture or appear
to be at greater risk of developing certain features compared with those who do
not have aPL.

Systemic lupus erythematosus and primary APS share several features but also
have some unique distinguishing characteristics. Recurrent miscarriage and
thrombosis form the clinical classification criteria for APS but not SLE Box 1)
[1-3]. For many years, before APS was recognized formally as a separate
syndrome, rheumatologists would classify patients who have APS as having SLE
while acknowledging that such individuals would be unlikely to manifest many
of the signs and symptoms of classical SLE such as arthritis, photosensitivity,
leukopenia, and glomerulonephritis. Despite obvious distinctions between the

E-mail address. claskin@rogers.com (C.A. Laskin).

0889-857X/05/8 ~ see front matter © 2005 Elsevier Inc. Al rights reserved.
dei:10.1016/.1dc.2005.01.011 rhewmatic.theclinics.com
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Box 1. Preliminary criteria for classification of antiphospholipid
syndrome

Clinical criteria

Vascular thrombosis
Adverse pregnancy outcome

° Atleast one unexplained pregnancy loss beyond 10 weeks gestation

° Three or more unexplained, consecutive pregnancy losses
before 10 weeks gestation

e One or more premature births of a normal neonate at or
before 34 weeks’ gestation because of pre-eclampsia or
eclampsia, or placental insufficiency

Laboratory criteria

Moderate or high titer IgG or IgM anticardiolipin antibody mea-
sured on two or more occasions at least 6 weeks apart

Circulating anticoagulant measured on two or more occasions at
least 6 weeks apart

Data from Wilson WA, Gharavi AE, Koike T, et al. International
consensus statement on preliminary classification criteria for defi-
nite antiphospholipid syndrome. Arthritis Rheum 1999;42:1309-11.

two entities, it remains apparent that APS may, in many cases, be considered a
subset of SLE.

Primary antiphosphelipid syndrome

APS has been classified and established as a distinct clinical entity associated
with thromboembolism, adverse pregnancy outcome, thrombocytopenia, Ray-
naud’s phenomenon, and livedo reticularis in the presence of moderate or high
levels of aPLs [1]. Other manifestations, most attributable to thrombotic events,
have been described [4].

APLs are a family of antibodies directed against anionic, phospholipid pro-
teins. In 1952, Conley and Hartmann first described a circulating anticoagulant
associated with a hemorrhagic disorder in SLE [5]. This antibody came to be
known as the lupus anticoagulant (LAC) and frequently is associated with a
biologic false-positive test for syphilis (BFP). In 1963, Bowie et al [6] were the
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first to report that patients who have an LAC actually experienced thrombotic
events rather than hemorrhage. Recurrent pregnancy loss (RPL) was noted to be
associated with LAC in the mid 1970s, and in the early 1980s, many reports of
recurrent thrombosis and pregnancy loss in the context of LAC were published
[7,8]. Finally in 1983, Harris et al established the association of the BFP, LAC,
and anticardiolipin antibodies (aCL) [9]. Since that time, a family of aPL has
been described with varying reports of clinical associations. In addition to the
LAC and IgG and IgM aCL, anti-32 glycoprotein I (82GPI) and IgA aCL are
included in this family. Antibodies to other negatively charged phospholipids
such as phosphatidylserine, phosphatidylinositol, phosphatidylethanolamine,
and phosphatidic acid appear to be of such limited clinical significance that,
outside of a research environment, there is little reason to assay for their presence.
Those antibodies demonstrating the most consistent association with clinical
manifestations are the IgG and IgM aCL and the LAC.

Since the early work of Harris et al [9], several workshops have established
classification criteria for APS, although inconsistent laboratory methodology
for the detection of aCL antibodies and the LAC remains an issue [10,11]. The
major manifestations of APS are thrombosis and adverse pregnancy outcome,
especially RPL. Insights into the clinical manifestations of SLE in the presence of
aPL will most likely be apparent with an analysis of vascular and pregnancy-
related events.

Systemic lupus erythematosus and antiphospholipid antibodies

Anticardiolipin antibodies can be found in 2% to 5% of a normal popula-
tion [11,12]. These antibodies increase in prevalence with increasing age, with
IgG and IgM aCL being observed in 12% to 52% of an elderly population [13].
The frequency of the LAC is fairly well established in patients who have SLE.
Approximately one-third of patients are positive [14]. In contrast, reports of aCL
positivity in SLE vary considerably, from 23% to 47% [15-17]. Anti-32GPI is
found in 20% of lupus patients (17,18]. The question that arises from these data is
whether aPL-positive lupus patients have an increase in thrombotic or adverse
pregnancy events compared with those who do not have such antibodies.
A second question, perhaps not as apparent, is whether certain vascular and
pregnancy-related manifestations that have been ascribed to lupus, are seen
mainly or exclusively in those who have aPL.

Classification of syndromes with antiphospholipid antibodies

The simplistic classification system used by most physicians is that of primary
and secondary APS. The former is diagnosed in patients who have clinical
features consistent with those defined in the preliminary classification criteria [1].
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The latter is diagnosed in those who have a specific disorder, usually a connec-
tive tissue disease, who also have thrombotic events or adverse pregnancy out-
comes in the presence of aPL. This classification system implies that there exists
a clear distinction between APS and the connective tissue disease, but this is
frequently not the case. Unfortunately, the most frequent scenario is also the
most confusing: secondary APS in patients who have SLE.

Alarcon-Segovia proposed a modified classification that accepted the desig-
nations primary and secondary APS but added an intermediate group, which he
named APS with lupoid features [19,20]. This group has features consistent with
primary APS but fulfills fewer than four classification criteria for SLE (Fig. 1).
Although this division into three subtypes of APS is not formally accepted, the
concept of patients who might be experiencing a continuum of clinical mani-
festations helps to explain the clinical course observed in many individuals who
have aPL and distinguishes primary APS from SLE and illustrates the rela-
tionship of APS as a subset of SLE in many other patients.

+ APL
+ Thrombosis

Fig. 1. The relationship of APS to SLE: APS can exist as a primary form, secondary to a connective
tissue disease (usually SLE), or may be a primary form with some clinical features of SLE. The latter
category can be referred to as an intermediate syndrome or APS with lupoid features.



APLs IN SLE 259

Regardless of how these conditions are classified, one must distinguish those
who have aPL from those who have aPL and clinical disease. In those who
have secondary APS in association with SLE, clinical features that might be
consistent with APS may not be caused by the presence of aPL. Indeed, these
manifestations may be caused by some other aspect of lupus. For example,
pregnancy loss may be caused by active renal disease, a flare of lupus, or even
congenital heart block in the fetus (associated with anti-Ro/La antibody). Simi-
larly, thrombosis may be caused by heavy proteinuria, which in turn leads to
a hypercoagulable state independent of aPL. The question remains however,
regarding the influence of the presence of aPL on SLE-specific disease
manifestations and prognosis. It can be extremely difficult to tease apart clinical
manifestations and attribute them to either APS or SLE when both conditions
are present, and indeed, this distinction only becomes significant if therapeutic
intervention differs depending upon disease attribution.

Hypercoagulability, antiphospholipid antibodies, and systemic lupus
erythematosus

The first described and hallmark manifestation in individuals who have aPL
is thrombosis, either venous or arterial, regardless of vessel size. This under-
lying pathogenesis accounts for the major manifestations including deep venous
thrombosis (DVT), stroke or other ischemic cerebral event, and pregnancy loss.
It is therefore reasonable to assume that aPL may adversely affect the prognosis
of patients who have SLE. Several studies have shown that there is a strong
association between the presence of aPL and thromboembolism in patients who
have SLE. An extensive review by Love and Santoro [15] summarized data
showing that thromboembolic events occurred in 53% of 160 patients who had a
LAC and in 12% of 338 patients who did not have this antibody [6,21-28]. In
those who were aCL positive, 40% of 300 had thrombotic events, compared
with 18% of 364 patients who were antibody negative [21,22,29-34]. Therefore
the presence of aPL in the setting of SLE is associated with an increased
prevalence of thromboembolism compared with patients who did not have aPL.

There appears to be an interaction between the lupus disease process and aPL
that causes an increase in thrombotic events in patients who have SLE and aPL.
In patients positive for aPL associated with non-SLE conditions, the frequency of
thrombotic events was lower (22% of 328 patients) than that in a group of aPL-
positive patients who had SLE (42% of 340 patients) [27,35-42]. A more recent
study of 1519 aPL-positive patients determined that cerebrovascular thrombosis
was significantly more frequent in the aPL-SLE group compared with the
primary APS group [43]. These investigators also showed that venous thrombo-
sis occurred more frequently in those who had an LAC than in those who
had aCL, whereas arterial thrombosis was more frequent in the aCL-positive
group compared with those who had LAC. In a study comparing lung perfusion
scintigraphy in patients who had SLE, SLE with APS (SLE-APS), and primary
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APS, Aung et al found 43% of those who had SLE-APS to have segmental
uptake defects compared with none in the other two groups [44]. Although
the groups were small, the data suggest that those lupus patients who have
aPL have a significantly higher risk of pulmonary thromboembolism compared
with patients who have SLE alone. Similar observations have been made re-
garding the incidence of stroke in patients who have SLE-APS compared with
SLE alone [45,46]. Regardless of the pathogenesis of hypercoagulability in
the presence of aPL, there appears to be one or more factors specific to SLE
that impact significantly upon the development of thromboembolism not seen
in other conditions associated with aPL.

The prognosis of lupus appears to be impacted significantly by the presence
of aPL. Because thrombotic events are more common in SLE-APS, it is not
surprising that the mortality in lupus is increased when aPL are present. Ruiz-
Irastorza et al found cumulative survival at 15 years to be lower in patients who
had APS than in those who did not have APS (65% versus 90%, P=0.03) [47]. A
retrospective analysis determined that 8-year survival in SLE patients who did
not have APS was 98%. In those who had SLE-APS, it was 75%, and in those
who had primary APS 83%. The presence of APS in SLE was associated sig-
nificantly with higher mortality in this study (P=0.006) [48]. Regression analysis
of the data showed that disease activity at onset, arterial thrombosis, thrombo-
cytopenia, valvular heart disease, capillaritis, digital necrosis, and nephritis were
independent mortality risk factors. This study illustrates how the interaction
between manifestations of the underlying disease and those attributable to aPL
combine to adversely affect longevity in this patient population.

Pregnancy in systemic lupus erythematosus and antiphespholipid syndrome

Insights into the clinical manifestations of SLE in the presence of aPL are
most apparent upon analysis of vascular and pregnancy-related events, as ad-
verse pregnancy oufcome can be a significant problem in active SLE and APS.
Indeed, pregnancy loss is one of the two clinical classification criteria of APS
(see Box 1), and this issue is one that has attracted much attention among
rheumatologists and obstetricians, attesting to its clinical importance.

Assessment of any woman who has a medical problem contemplating preg-
nancy requires an appreciation of both maternal and fetal issues. Therefore, one
must address the effect of the pregnancy on the disease and the effect of the
disease on the pregnancy. Ideally, a prepregnancy evaluation should be under-
taken to appropriately plan the pregnancy enabling coordination of the efforts
of both the rheumatologist and obstetrician. Unfortunately, unplanned pregnan-
cies are almost the norm and require more urgent reactive rather than proactive
evaluation and planning.

Pregnancy loss is the most controversial adverse outcome in both SLE
and APS. The obvious questions are whether the problem in lupus is restricted
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to those who have aPL and if the antibody exacerbates an already significant
problem. APLs have been described in otherwise healthy women who have RPL,
although with a frequency that is lower than might be expected. The LAC occurs
in 15% of women who have RPL, while aCL might occur in 12% of a similar
population [49-53]. Petri and Allbriton observed 13.1% pregnancy loss in a large
lupus cohort [54]. This frequency appears to be representative when compared
with other series of pregnant lupus patients [55-59]. In the presence of aPL,
pregnancy loss appears to be more common in women who have SLE [60-63].
Between 50% and 74% of lupus patients who have a history of RPL have an
LAC, and up to 36% have aCL [60,61].

In the presence of aPL, pregnancy loss can occur at any stage of preg-
nancy, although the classic description is that of late pregnancy loss. Both early
and late pregnancy loss in lupus can be attributed to factors other than aPL,
including active disease and an exacerbation of underlying renal disease. It is
always problematic to assess the etiology of very early pregnancy loss, and even
more difficult to determine the role of aPL in early pregnancy loss in lupus.
The case becomes clearer if a patient who has SLE and aPL has a history of RPL
even when her disease is under good control.

Later pregnancy losses may be assessed more readily for etiology. APLs have
been associated with the development of placental thrombosis leading to pla-
cental insufficiency and intrauterine growth restriction (TUGR) culminating in
fetal demise [63]. In the context of active lupus, the etiologic evidence for late
pregnancy loss is far more subjective if placental pathology is either unavail-
able or inconclusive. The exception to this might be active renal disease with
heavy proteinuria, which can precipitate pre-eclampsia. This in turn can lead
to placental insufficiency with resultant TUGR, which occurs with increased
frequency in lupus pregnancies with or without fetal demise. In this case,
hypercoagulability is the common feature that could lead to a similar clinico—
pathologic picture as APS. Therefore, although pregnancy loss may occur in
SLE, the presence of aPL appears to place the pregnancy at greater risk.
Unfortunately, data have yet to support intervention in pregnant women who
have or do not have lupus when aPL is present if there is no previous history of
pregnancy loss.

Pregnancy loss in SLE, regardless of aPL status, must be evaluated methodi-
cally. It would be wrong to make the a priori assumption that a loss is caused by
either underlying disease or aPL. Any woman who has recurrent or late preg-
nancy loss should be investigated for anatomic, hormonal, or genetic abnor-
malities that might account for the losses, and it is essential that patients who
have lupus be assessed using the same thorough protocol. Furthermore, if pla-
cental pathology is available and consistent with ischemic pregnancy loss even if
aPL are negative, other thrombophilias such as protein C or § deficiency, factor V
Leiden mutation, prothrombin gene mutation, antithrombin III deficiency, or
hyperhomocysteinemia should be considered. The latter abnormality however,
may be quite uncommon, because homocysteine levels are reduced by folic acid,
a vitamin commonly taken by any woman contemplating a pregnancy.
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Preterm birth (no later than 37 weeks’ gestation) is common in SLE (40.5% of
live births) [64,65] and can be related to disease activity, pre-eclampsia, placental
insufficiency, or possibly premature rupture of the membranes [66,67]. In addi-
tion, preterm delivery also may be a reflection of advanced perinatal care where
the obstetrician intervenes owing to threatened fetal demise [68). Corticosteroids
also have been associated with premature birth, but usually the neonate is
appropriate size for gestational age [53]. Some authors also have suggested that
the development of pre-eclampsia may be caused by the use of high doses of
corticosteroids for disease control [69]. It is quite possible, however, that the
steroids have little direct impact on the onset of pre-eclampsia and are actually
an epiphenomenon in the etiology of pre-eclampsia. Rather, an exacerbation
of disease activity or a flare of renal disease with heavy proteinuria may be
the underlying problem, which is likely the reason for the institution of the
high doses of corticosteroids. APLs have been associated with an increased
frequency of pre-eclampsia, which could result in placental insufficiency, so
the presence of aPL may be an additive factor in the high frequency of pre-
mature births commonly seen in women who have SLE.

Maternal complications are described in pregnant women with SLE. Although
one would expect an increase in disease flares owing to the hyperestrogenic
environment, the results of several studies are quite conflicting [64,66,70~77].
Among the medical complications are hypertension, diabetes mellitus, pre-
eclampsia, and thrombosis [69,78]. Although these are more common in lupus,
they may not be caused by disease activity. The higher risk of thrombosis is
described in lupus pregnancies [78]. Even in uncomplicated pregnancies in
healthy women, the third trimester, the immediate postpartum period, and after
a cesarean section are characterized by hypercoagulability, and there is a greater
risk associated with hypercoagulability in those who have SLE, which is in-
creased further when aPL are present.

A particular problem arises when the woman who has SLE requires contra-
ception. The easiest and most effective choice would be estrogen-containing oral
contraceptive pills (OCP). Because lupus is a disease often exacerbated by a
hyperestrogenic state, the use of OCP remains controversial owing to the risk of
inducing a flare of the disease. If the patient is also positive for aPL, then OCP
likely should be avoided. In this latter case, OCP may not only exacerbate the
underlying disease (ie, SLE) but also place the woman at greater risk of
thrombosis. Indeed, the presence of aPL should be considered at least a relative
contraindication to the use of estrogen-containing OCP [791.

Women who have SLE or SLE-APS do not have any decrease in fertility.
Although there is some debate regarding subfertility and an association with aPL,
there is no good evidence to support that contention. There are however, two
scenarios that may affect fertility adversely. The first is increased disease activity
that could interfere with ovulation. The second issue is drug therapy. Cyclophos-
phamide may compromise ovarian function and potentially lead to ovarian failure,

It is possible for women who have SLE with or without APS to have infer-
tility, as could any woman who does not have these conditions. Treatment for the
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lupus patient may be problematic, however, owing to the hyperestrogenicity
resulting from ovulation induction or superovulation therapy using exogenous
follicle stimulating hormone (FSH). As with OCP, a hyperestrogenic environ-
ment may lead to exacerbation of SLE. There are cases of documented flares,
but these have been mild [80]. Providing the disease is under good control, FSH
therapy can be used with appropriate monitoring by the rheumatologist. The
presence of aPL however, complicates the situation. Again, elevated estrogen
levels may increase the tendency to thrombosis. Although there have been no
large studies attesting to the safety of such therapy in women who have aPL,
ovulation induction could be undertaken cautiously if there is no history of prior
thrombosis, but the patient and all physicians involved should be counseled
regarding potential risks.

Renal disease

The involvement of the kidney in SLE is known and described. Renal in-
volvement has been part of the classification criteria of SLE from the outset [2,3].
With the exception of membranous disease, the renal lesions are inflammatory,
targeting the glomerulus. Most patients who have SLE have some degree of
renal disease, but it is not always clinically detectable without the benefit of
immunofluorescence or electronmicroscopic evaluation of a kidney biopsy [81].
In the case of APS, renal involvement is not observed commonly. When present,
the pathology is characterized by a thrombotic microangiopathy with thrombosis
involving arterial and arteriolar lesions resulting in cortical ischemic atrophy
[82,83]. The clinical manifestations of APS vascular nephropathy are charac-
terized by hypertension, acute or chronic renal insufficiency, and low-grade
proteinuria {84].

Daugas et al [84] retrospectively studied 114 patients who had SLE for
renal disease in the presence or absence of aCL or LAC. The results revealed
that APS nephropathy occurred in 32% of patients who had SLE in addition to
lupus nephritis. The APS lesions were associated with LAC but not with aCL.
Renal lesions occurred when there was evidence of extra-renal arterial throm-
boses and pregnancy loss but were not associated with venous thromboses. Most
significantly, APS renal involvement appeared to be independent of the Jupus-
associated nephritis, and resulted in hypertension, renal insufficiency, and inter-
stitial fibrosis. It is therefore likely that APS nephropathy contributes to increased
morbidity and a poorer prognosis in this target lupus population because of its
superimposition on lupus nephritis,

Renal transplantation in patients who have SLE appears to have a similar
prognosis as transplantation in other conditions. The caveat to this reported
observation, however, is the poorer prognosis seen in patients who have aPL
[85-87]. Patients who have SLE-APS suffer an increased number of thrombo-
embolic events posttransplant. There is a significant frequency of thrombotic



264 LASKIN et al

microangiopathy recurring in the graft and a higher incidence of thrombosis of
the renal graft vein compared with lupus patients who do not have aPL.

Neurologic manifestations

Central nervous system (CNS) lupus is difficult to diagnose and manage.
The manifestations have been variously reported as seizures, psychosis, stroke,
transient ischemic attacks (TIA), chorea, cognitive dysfunction, and headaches.
The pathology has been difficult to define, as it may be entirely normal. There
is no gold standard test to diagnose CNS lupus, and physicians must rely on
their clinical judgment. The most common neurologic manifestations of APS are
stroke and TIA caused by arterial obstruction [88]. Although neuropsychiatric
disorders have been linked to aPL, the association is tenuous. Neurologic in-
volvement however, appears to be greater in those lupus patients who have aPL
[15]. A review of the literature demonstrated neurologic disorders in 38% of
LAC-positive patients compared with 21% in SLE patients lacking LAC. Simi-
larly, 49% of lupus patients who had aCL had neurologic manifestations com-
pared with 12% in aCL-negative lupus patients [15]. These data strongly suggest
that CNS disease is more common in SLE-APS than in SLE without APS.
Furthermore, as expected, aPL are associated mote strongly with vascular neu-
rologic events such as stroke, retinal artery occlusion, or amaurosis fugax. A re-
cent multicenter study demonstrated a significant association of epilepsy with
aPL positivity that appears to be secondary to CNS vascular disease [89].

Cardiac involvement

In 1924, Libman and Sacks described a verrucous endocarditis affecting
the heart valves in patients who had SLE [90]. The lesions can be found in 30%
to 50% of autopsy or echocardiographic studies but are not often of clinical
significance during life. The valvular disease is usually mild and rarely leads
to compromise of cardiac function. In APS, the valvular abnormalities are
essentially identical to those seen in SLE. There are no data indicating that
patients who have SLE-APS have a higher incidence of valvular disease com-
pared with SLE alone, but Vianna et al [91] did find a higher incidence of
valvular disease in patients who had SLE-APS compared with patients who had
APS alone. These investigators did find, however, that 41% of SLE-APS patients
who had valvular disease had significant mitral regurgitation, which was far in
excess of that seen in SLE without aPL [92]. The more severe involvement in
aPL-positive patients may be caused by a direct effect of aPL damaging the
endocardium. Therefore, aPL appears to enhance the pathogenic mechanism
operational in lupus as it affects cardiac valves, Moreover, there is an additional
risk in the presence of both aPL and endocardial vegetations, which results in a
higher frequency of embolic neurologic events [93,94].
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Atherosclerosis in systemic lupus erythematosus and antiphospholipid
syndrome

In 1976, Urowitz et al published a landmark paper documenting a bimodal
mortality pattern in SLE [95]. Early deaths were caused by infection and renal
disease, whereas later mortality was caused by atherosclerotic vascular disease.
Recent studies observed that lupus patients have a 50-fold higher risk of devel-
oping cardiovascular disease and stroke beyond the conventional risk factors
[96]. In the general population, aCL may be an independent risk factor for
atherosclerotic vascular disease as evidenced by a 15% prevalence of aCL in
middle-aged patients who had documented peripheral vascular disease [97). In
primary APS, IgG aCL was identified as an independent predictor of intima
media thickness, a marker of atherosclerotic vascular disease [98]. Although lipid
profile abnormalities have been described extensively in SLE, this is not the
case in primary APS [99-101]. Alves and Ames contrasted the close association
of dyslipidemia with atherosclerotic disease in SLE with the relative lack of
such an abnormality in primary APS. They did, however, find a subgroup of
patients who had primary APS lacking any lipid abnormality but having high
titers of aCL, thereby implying a direct effect of aCL promoting atherosclerosis.
Furthermore, these authors demonstrated an inhibitory effect of anti-B2GPI
antibodies on the naturally occurring antioxidant paraoxonase [102]. Therefore in
primary APS, atherosclerotic vascular disease appears to be promoted by aCL.
Further evidence is provided that aPL may be an additive risk for atherosclerosis
in SLE that is not accounted for by the traditional risk factors [103,104].

Other disease manifestations in systemic lupus erythematosus and
antiphospholipid syndrome

Several other manifestations exist in SLE and APS that characterize each of
these conditions. Thrombocytopenia is described in both disorders. It is fre-
quently milder in APS than in SLE. There is no evidence to suggest that this
cytopenia is more frequent in SLE-APS than in SLE alone. Similarly, Coombs-
positive hemolytic anemia is described in APS and SLE. It is, however, more
characteristic of lupus, and if occurring in primary APS, it may be an indicator
of the evolution of APS into SLE.

The skin is a target in both conditions. Although livedo reticularis has been
purported to be one of the hallmarks of APS, it appears to occur with equal
frequency in SLE without aPL. Similarly, leg ulcers, digital gangrene, necrotiz-
ing purpura, and nailfold infarcts appear to be as common in SLE as in APS
[105,106].

Catastrophic APS is a rare condition of small vessel vasculopathy affect-
ing muitiple organ systems associated with a high mortality [107]. It must
be distinguished from thrombotic thrombocytopenic purpura and disseminated
intravascular coagulation [108]. The distinguishing marker however, is aCL or
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LAC positivity. This condition can occur in primary APS or SLE-APS where
the presence of aPL renders patients who have SLE at risk for this often
fatal complication.

Antiphospholipid syndrome and evolving systemic lupus erythematosus

The intermediate classification of APS with lupoid features proposed by
Alarcon-Segovia [19] suggests that APS in some patients may be the first
manifestation of SLE. Just as rheumatologists initially thought of APS as a subset
of SLE, perhaps it may exist as evolving SLE. In a cohort of 165 patients who
had APS followed over a median period of 78 months, Mujic et al [109] reported
3 of 80 patients who had primary APS developing features of SLE. Although one
patient evolved into SLE after 4 years, the other two did not show features of
lupus until 10 years after the diagnosis of primary APS. Similarly, a case report
of a woman who had primary APS was diagnosed with SLE 15 years later
[110]. In another case report of APS evolving into SLE 12 years after the first
manifestations of APS, Derksen et al [111] suggest that a strongly positive
antinuclear antibody in a patient who has primary APS may be the marker for
later development of SLE. Carbone et al {112] reported that 3 (9%) of 33 patients
who had a history of RPL and aPL developed features of SLE over a 6-year
follow-up. The authors’ group [113] found 3 of 32 women who had the same
history of RPL also evolved into SLE or SLE~APS after a mean follow-up period
of 12 years. Although some immunogenetic studies have been undertaken to
determine if a particular haplotype is associated with APS occurring with SLE,
the findings are rather preliminary. Despite the limited evidence, it is appar-
ent that the evolution of APS into definite SLE does occur and may do so after
many years,

Summary

SLE is the prototypical, autoimmune disease characterized by immune-
mediated inflammation in multiple organ systems. Although many of the auto-
antibodies found in this condition appear to be merely markers of the presence of
the disease or indicators of disease activity, some are definitely pathogenic.
Morbidity and mortality in lupus are caused by the severity of the inflammation
and the specific organ system involved. In addition, drug therapy often has
significant impact on morbidity.

APS is an autoimmune disease characterized less by inflammation but more
by hypercoagulability and thrombotic events. The disorder was initially described
as a subset of SLE, but it is now known to exist as a separate entity in what is
described as primary APS. Morbidity and mortality in this condition are caused
by thrombosis and are dependent upon the organs affected. In addition, the
impact of the disease on prognosis also may be determined by the type of
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vascular involvement, with venous usually being of less concern than arterial.
Therapy plays less of a role in morbidity than in SLE.

The combination of SLE and APS appears to be of greater concern than either
entity alone. APS complicates SLE by adding a vaso-occlusive factor to the
inflammatory component that adversely affects the prognosis of those who have
lupus and aPL. The discovery of aPL in SLE and the diagnosis of the throm-
botic complications associated with the APS aspect of the combined disorder,
however, have significant implications therapeutically. Rather than instituting
a regimen of corticosteroids and immunosuppressive agents with all of their
attendant adverse effects, anticoagulation may be a safer and more appropriate
therapeutic option. It is therefore incumbent upon the physician to clearly define
the entity and evaluate the patient based upon a complete knowledge of the
underlying disease processes.
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Decrease in Pregnancy Loss Rates in Patients with
Systemic Lupus Erythematosus Over a 40-Year Period

CHRISTINE A. CLARK, KAREN A. SPITZER, and CARL A. LASKIN

ABSTRACT. Objective. To determine if there has been a statistically significant change in pregnancy loss and

preterm delivery rates in patients with systemic lupus erythematosus (SLE).

Methods. We analyzed the pregnancy outcomes of our SLE patients over the past 3 years and
reviewed the literature over the past 40 years. We extracted pregnancy loss and preterm delivery data
from reports of postdiagnosis SLE pregnancies. Studies were grouped into 5-year periods and
weighted according to sample size. Group means, calculated for each study period, were plotted
using linear regression to determine significance, and compared with population norms for the same
periods.

Results. The rate of loss in SLE pregnancies over the past 40 years decreased from a mean of 43%
in 1960-1965 to 17% in 2000~2003 (r2 = 0.648). This approximates the pregnancy loss rate in the
general US population. Preterm deliveries were not uniformly reported and were rarely stratified into
spontaneous or physician-initiated. Prior to 1980, it was not possible to derive group means for each
time period. From 1980 to 2002, however, there was a trend toward a decrease in preterm births in
SLE pregnancies, although they continue to be more frequent in SLE than in the general population.
Conclusion. Improvements in disease management and perinatal monitoring have resulted in a sig-
nificant decrease in pregnancy Joss in SLE over the last 40 years and a trend toward decreased
preterm deliveries over the last 20 years in comparison to the general population. These advances
highlight the importance of collaboration between rheumatologists and perinatologists. Given these
data, the description of SLE-associated pregnancy could be revised to reflect a more positive
prognosis for mother and fetus. (J Rheumatol 2005;32:1709~12)

Key Indexing Terms:
SYSTEMIC LUPUS ERYTHEMATOSUS

PREGNANCY LOSS

PRETERM DELIVERY RATES

Systemic lupus erythematosus (SLE) continues to be
described as a condition associated with poor pregnancy
outcome despite advances in disease management and peri-
natal care. We wanted to determine if there has been a sta-
tistically significant change in pregnancy loss and preterm
delivery rates in women with SLE over the last 40 years in
comparison with the general population.

MATERIALS AND METHODS

Patient selection. We reviewed the pregnancy oulcomes (pregnancy loss,
live birth, and preterm delivery) of our patients with SLE over the last 3
years. Preterm deliveries were defined as those spontaneously occurring at
fess than 37 weeks’ gestation, in contrast to those precipitated by the physi-
cian as the result of deteriorating maternal or fetal well being.

Literature review. In a literature review using the US National Library of
Medicine PubMed database, we extracted pregnancy loss (including both
carly and late losses) and preterm delivery data (whether specified as spon-
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taneous or not) from literature published over the last 40 years for women
diagnosed with SLE. Values for the total number of pregnancics, fetal loss
rates, and preterm delivery rates were elicited from each study.

For comparison, 5-year grouped US population values for pregnancy
losses from 1960 to 2000 and preterm births (defined as deliveries at < 37
weeks’ gestation) from 1980 to 2000 were calculated from data provided by
National Vital Statistics Reports'Z2,

Analysis. Data were analyzed using Sigma Stat version 4.0 (SPSS,
Chicago, IL, USA). Mean values were calculated for 5-year periods from
1960 t0 2003, and values were plotted using linear regression analysis (with
95% confidence intervals, CI) to determine the significance of any trends
over time.

RESULTS

Pregnancy outcome in our clinic. Of 83 pregnancies in
women with SLE attending our clinic over the last 3 years,
73 (83%) resulted in a live birth. Of the 73 deliveries, 50 had
spontaneous onset of labor, 17 of which (34%) occurred
prior to 37 weeks’ gestation.

Literature review and analysis. We identified more than 35
studies published since 1963 with pregnancy loss data avail-
able for patients diagnosed with SLE337,

Studies were collated into 5-year periods as some years
had no available SLE pregnancy data. Because the sample
mean is sensitive to a few unusually large or small observa-
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tions, we used a trimmed sample mean. Studies with results
that differed significantly from other studies in the same 5-
year time period (< 25th or > 75th percentile) were not
included in the analysis. Results were weighted accordingly
by combining raw data from studies grouped into the 5-year
periods starting with 1963.

Change in fetal loss rate in SLE pregnancies. The rate of
loss in SLE pregnancies decreased over the past 40 years
from a mean of more than 40% to a mean of 17%. Despite
interclinic variation within time periods, overall there has
been a significant trend toward increased live birth rates
(Figure 1; 12 = 0.648). In comparison, pregnancy loss rates
in the US have remained relatively stable since 1960: in
2000, it was reported that the pregnancy loss rate was
16.1%? (Figure 1).

Change in preterm delivery rates in SLE pregnancies. The
definition of preterm delivery varied from < 36 weeks to <
38 weeks among available SLE studies from 1980 to 2002,
and was not generally reported in the earlier literature. There
was seldom any delineation between spontaneous or
induced onset of preterm labor. We therefore analyzed data
from individual studies (in contrast to grouped data) and
found a trend toward a decrease in preterm delivery rate (<
37 weeks’ gestation) from 1980 to 2000 (37.3% to 32%,
respectively), but this was neither consistent nor statistical-
ly significant (12 = 0.418; Figure 2). In contrast, there has
been a slight but significant increase in the percentage of
preterm births in the US over the same period (from 9.4% in
1981 to 12.1% in 2002; 12 = 0.997)2,

45

DISCUSSION

Our review was hampered by inconsistent reporting and
variable definitions of events in the SLE literature. The term
“fetal loss” comprised losses at all stages of pregnancy
(from embryonic to stillbirth), and in many instances, the
term “preterm delivery” (defined as <36 to < 38 weeks’ ges-
tation) was not stratified as spontaneous or induced. In addi-
tion, statistical analysis had to account for sample sizes that
varied from 11 to 108. Our resuits must be interpreted in the
context of these difficulties. Nevertheless, it is apparent that
there has been a significant decline in pregnancy loss rates
in SLE over the last 40 years compared to the relatively sta-
ble rate in the general population over the same time period.

There are a number of factors contributing to the decline
in pregnancy loss (and potentially preterm births) among
women with SLE from both the maternal and the fetal
standpoint. Disease management, particularly the identifica-
tion and treatment of secondary antiphospholipid syndrome
(APS), may be the most significant clinical advance in the
last 2 decades, although there is still debate regarding the
optimum therapeutic regimen for women with a history of
thrombosis and/or recurrent pregnancy loss. There is also
recognition that inactive disease in contrast to stable disease
is an important consideration in reducing both maternal and
fetal morbidity37.

In addition, as timing of delivery is a highly critical
aspect of antenatal management, measures including fetal
biometry, amniotic fluid volume, heart rate patterns, arterial
and venous Doppler, and biophysical variables are now inte-
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Figure 1. Change in rate of fetal loss in SLE pregnancies and in the US general population
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Figure 2. Change in rate of preterm deliveries (< 37 weeks' gestation, spontaneous and
induced) in SLE pregnancies and in the US general population over the last 20 years.

gral parts of comprehensive fetal evaluation®®, Clinicians
are able to intervene and induce delivery in cases of deteri-
orating maternal or fetal health. Depending upon the gesta-
tional age, these induced deliveries might even be termed
“fortuitous live births,” as 20 years ago, no intervention
would have been possible and the pregnancy would have
terminated from either maternal or fetal causes with a result-
ant intrauterine death.

Kitridou and Goodwin®? reviewed pregnancy outcomes
in patients with SLE over the last half century and also
reported rates approaching the population norm, but there
was no mention of change in preterm deliveries. The
increase in fetal survival due to improved pregnancy man-
agement was also raised by Petri and Allbritton®’, although
the authors concluded (in 1993) that adverse pregnancy out-
comes in lupus, including loss and preterm delivery, were
still very common. In the intervening 12 years, that percep-
tion has gradually changed.

Pregnancy in women with SLE continues to be con-
traindicated in the context of severe organ disease or a his-
tory of life-threatening complications in previous pregnan-
cies. For SLE patients without those superimposed condi-
tions, however, there should be no contraindication for preg-
nancy, providing disease is clinically quiescent at the outset
and there is appropriate planning and close prenatal moni-
toring.

We continue to advocate that SLE pregnancies be treated
as high risk. However, based upon our review of the litera-
ture, we propose that the prevailing description of preg-
nancy in patients with SLE be revised to reflect advances in
disease and perinatal management over the last 40 years.
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Incidence of Postpartum Thrombosis and Preterm
Delivery in Women with Antiphospholipid Antibodies
and Recurrent Pregnancy Loss

CHRISTINE A. CLARK, KAREN A. SPITZER, MARK A.
JOSHUA A. WAKS, and CARL A. LASKIN

CROWTHER, JAMIE N. NADLER, MATTHEW D. LASKIN,

ABSTRACT. Objective. To determine the frequency of preterm deliveries and postpartum thrombotic events (TE) in
pregnancies resulting in live birth in women with antiphospholipid antibodies (aPL) and a history of

recurrent pregnancy loss (RPL) but without prior TE.

Methods. We reviewed the pregnancy outcomes of women referred to our clinic with a history of RPL.

Prepregnancy investigation-of RPL inciuded histor
lupus anticoagulant). We recorded use of anticoag

y of TE and aPL positivity (anticardioli pin 1gG and
ulation therapy during and after pregnancy, obstetric

outcome, gestational age at delivery, and postpartum course. Included in our study were women with
unexplained RPL with no history of TE attending our clinic who subsequently had pregnancies that

resulted in a live birth,

Results. Over a S-year period, 260 women with RPL and no history of TE had a live birth at our clin-
ic. Eighty-seven (33.5%) were positive for aPL and 173 (66.5%) were negative for aPL. Twenty-four
percent of deliveries in the aPL-positive group occurred before 37 weeks’ gestation compared to 9.8%
of deliveries in the aPL-negative group (p = 0.004; 95% Cl 0.052-0.234). There were no antepartum
TE in either group. One woman in the aPL-positive group (1.1%) had a deep vein thrombosis 3.5 weeks
postpartum while receiving prophylactic anticoagulant therapy, compared to none in the aPL-negative

group.

Conclusion. A significantly higher proportion of aPL-

positive patients had preterm deliveries compared

to aPL-negative patients, but pregnancy-related TE was infrequent: 99.0% of aPL-positive women with
a history of RPL and no prior TE who had a live birth at our clinic had an uneventful pregnancy,
delivery, and postpartum course. (J Rheumatol First Release April 12007)

Key Indexing Terms:

PRETERM DELIVERY  POSTPARTUM THROMBOSIS ANTIPHOSPHOLIPID ANTIBODIES

ANTICOAGULATION

Women with antiphospholipid antibodies (aPL) are consid-
ered at increased risk for recurrent pregnancy loss (RPL),
intrauterine growth restriction, stillbirth, prematurity, and
thrombotic events (TE)!3. Despite continuing debate regarding
appropriate therapy due to a dearth of well desi gned, appropri-
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LUPUS ANTICOAGULANT

ately powered studies™, the standard of care for women with
aPL and a history of RPL but not TE continues to include
prophylactic anticoagulant therapy during pregnancy>7.

Studies investigating treatment regimens for aPL-positive
pregnancy usually identify live birth rate as the primary out-
come and the incidence of intrauterine growth restriction, pla-
cental infarction, prematurity, and preeclampsia as secondary
outcomes. There is only limited literature available about the
incidence of postpartum TE in this population®-1°,

The TERM Programme (Treatment and Evaluation of
Recurrent Miscarriage), established in 1996, investigates
about 300 new patients per year with a history of RPL. Those
identified with hormonal, genetic, or anatomic abnormalities
that might account for reproductive failures are referred for
appropriate treatment or counseling. Those with immunologic
and coagulation abnormalities are prospectively followed at
our clinic from the prepregnancy to postpartum period.

We initiated this investigation because the necessity for
postpartum anticoagulation in aPL-positive pregnancies (in
the absence of prior TE) has not been determined and yet this
regimen is becoming entrenched. We report our experience
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over a 5-year period comparing outcomes of aPL-positive and
negative women without a history of TE whose pregnancies
resulted in a live birth. We wanted to observe the frequency of
pregnancy-related thrombosis in women with aPL but without
a history of TE compared to women with a similar obstetric
history, but no aPL, and also to evaluate the association
between aPL positivity and preterm delivery.

MATERIALS AND METHODS
Study design. Patients with a history of RPL referred to our clinic over a 5-
year period were prospectively followed throughout their pregnancies. We
subsequently performed a chart review and collected demographic, clinical,
and obstetric outcome data on patients whose pregnancies had progressed to
at least 27 weeks. We restricted our study in this manner because we wanted
to confine our analysis to pregnancies with a significant likelihood of live
birth. Further, women in early pregnancy are less likely to experience any
pregnancy-related TE!, We recorded anticoagulation use throughout preg-
nancy and the postpartum period.

Patients with significant comorbidity, including systemic lupus erythe-
matosus and diabetes, were excluded from the study.

Definition of RPL. Patients were classified with RPL defined as at least 2 con-
secutive fosses in the absence of anatomic (assessed by hysterosalpingogram
or sonohysterogram), genetic (karyotype analysis of both partners), or hor-
monal (luteal-phase biopsy or mid-luteal-phase progesterone level} abnor-
malities. Early losses were defined as those occurring at < 14 weeks’ gesta-
tion, late losses as those at > 14 weeks’ gestation.

Laboratory evaluation. Prenatal serum and plasma specimens were collected
from each patient and stored at -80°C as part of routine investigation. Those
with a positive aPL result were recailed to the clinic a minimum of 6 weeks
later for collection of a second sample for confirmation purposes. The fupus
anticoagulant (LAC) was measured using a panel of tests to optimize detection
as described'?, including Russell’s viper venom time (DRVVT), dilute pro-
thrombin time, a lupus-sensitive partial thromboplastin time, and the kaolin-
cephalin clotting time. Factor deficiencies were ruled out by repeat testing of
prolonged results with §:1 and 4:] mixing with normal plasma. IgG anticardi-
olipin (aCL) levels were measured using INOVA Quantalite kits {Intermedico,
Mississauga, ON, Canada). Results were derived from a standard curve, and
values > 15 GPL units were considered positive based upon the mean + 2 stan-
dard deviation of the results of 162 normal sera. We did not include aCL {gM
in our study because not all women were tested for that isotype.

aPL-positive group, This group comprised paticnts with a history of RPL who
were positive for aCL IgG and/or LAC on at lcast 2 occasions, 6 weeks apart,
but negative for anatomic, hormonal, or genetic investigations, and an index
pregnancy that progressed to at least 27 weeks’ gestation.

Comparator group. This group included aPL-negative women with a history
of RPL with no anatomic, hormonal, or genetic abnormalities, and no history
of TE, with at least one documented pregnancy (subsequent to the last spon-
taneous loss) that progressed to at least 27 weeks’ gestation,

Statistical analysis. We used SigmaStat Version 3.0 software (SPSS Inc.,
Chicago, IL, USA) for statistical analysis. Proportions were compared using
the z test (for population prevalence statistics) with Yates’ correction factor, A
p value < 0.05 was considered significant and 95% confidence intervals (CI)
were calculated for differences and odds ratios. Where appropriate, Fisher’s
exact test was used for comparisons of proportions with expected cell values
of less than 5.

RESULTS

FPatients. The 2 comparator groups included 87 aPL-positive
and 173 aPL-negative women; all had a history of RPL as
defined above and none had a history of TE. There was no dif-
ference in the obstetric histories of women in each group

(Table Iy with the following exception: significantly more
women in the aPL-negative group had a history of at least one
live birth compared to the aPL-positive group (72.8% vs
41.4%; p > 0.001, 95% Cl1 0.189-0.439), indicating that more
women in the aPL-positive group had primary rather than sec-
ondary RPL. There was no difference in the proportion of
each group with 2 or > 2 pregnancy losses (Table 1). There
was no difference in the mean ages of the women in each
group (32.0 vs 33.3 yrs; p = not significant).

Distribution of aPL. In the aPL-positive group, 54.0% of
women were positive for LAC only; 28.7% were positive for
aCL only; 17.2% were positive for both LAC and aCL. The
LAC-specific partial thromboplastin time (PTT-LAC) was the
most frequently seen LAC measured (74.2% of women with
an LAC had a prolonged PTT-LAQ), followed by the DRVVT
(40.9%:; Table 2).

Table 1. Obstetric histories of women with a history of recurrent pregnan-
cy loss but not thrombotic events, with and without antiphospholipid anti-
bodies (aPL). There was no difference between the 2 groups with the
exception of live births: more aPL-negative women had at least 1 live birth
prior to the index pregnancy.

Obstetric History aPL-Positive, aPL-Negative, p

n=87 n=173

Pregnancies, mean = SD,

median (range) 35%x14,3(2-8) 39%13,4 (2-8) NS

2 Early losses (%) 34 (39.1) 52 (31.0) NS
2 3 Early losses (%) 45 (51.7) 105 (62.5) NS
Early and late losses (%) 9(103) 10 (6.0 NS
Late losses only (%) 2(2.3) 1 (0.6) NS
Live birth ever (%) 36 (41.4) 126 (72.8) < 0.001*

NS: not significantly different. * Power with o = 0.05: 0.998; 95% CI of
the difference 0.189-0.439,

Table 2. Frequency and distribution of anticardiolipin (aCL) titers and spe-
cific lupus anticoagulant (LAC) tests in the aPL-positive group (n = 87).
13 women in the group were positive for both aCL and LAC. Nine patients
in the LAC positive group (13.6%) had prolonged results for all 4 LAC
{ests.

Phospholipid Antibody n Positive (%)

aCL IgG (all titers) 48/87 (55.2)
Frequency of titer ranges among aCL-positive results (n = 48)

Low (15-25 GPL) 28(58.3)

Moderate (26-50 GPL) 10 (20.8)

High (> 51 GPL) 10 (20.8)
LAC (= 1 test in panel) 66/87 (75.9)

Frequency of specific tests among LAC-positive resuits* (n = 66)

Dilute PT 15(22.7)
PTT-LAC 49 (74.2)
DRVVT 27 (40.9)
KCT 15(22.7)

* Percentages do not sum to 100 because many patients were positive for
more than one LAC test. Dilute PT: dilute prothrombin time; PTT-LAC:
lupus anticoagulant-specific partial thromboplastin time; DRVVT: dilute
Russell’s viper venom time; KCT: kaolin-cephalin clotting time; GPL: IgG
anticardiolipin units (negative: < 15).
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Women fulfilling criteria for the antiphospholipid syndrome
(APS). Forty-five women in the aPL-positive group had = 3
early losses and 11 had at least one late loss. OFf those 56
women, 45 also had repeated moderate to high levels of aCL
IgG and/or prolonged LAC. This latter group thereby satisfied
obstetric and laboratory classification criteria for APS.

Anticoagulation therapy during andlor after pregnancy.
Prenatal and/or postpartum anticoagulation therapy was given
at the discretion of the attending physician. Prophylactic anti-
coagulation therapy was given during pregnancy to 71/87
aPL-positive patients: 44 received prophylactic doses of low
molecular weight heparin (LMWH; dalteparin at 5000 U
once daily or a weight-adjusted equivalent) with low-dose
aspirin (ASA, 81 mg/day); ASA only at a dose of 81 mg/day
was taken by 27 women; 16 women received no treatment.
Only 4 women in the aPL-positive group and none in the aPL-
negative group received anticoagulation postpartum. ASA was
discontinued at 35 weeks’ gestation and not given postpartum,
according to clinic policy.
Pregnancy-related TE. There were no episodes of thrombosis
during any of the 260 pregnancies observed. There were no
postpartum TE in the aPL-negative group. One (1.1%) woman
in the aPL-positive group had a deep vein thrombosis 3.5
weeks postpartum while receiving prophylactic LMWH. She
had a history of 2 early losses and was positive for high levels
of both aCL 1gG and LAC (PTT-LAC, dilute prothrombin
time, and DRVVT). At 28 weeks’ gestation, she developed
high blood pressure, decreased platelets, and proteinutia, and

was diagnosed with HELLP syndrome (hemolysis, elevated
liver enzymes, and low platelets). Due to her deteriorating
condition, a nonelective cesarean section was performed at 31
weeks’ gestation. She developed hypertensive retinopathy
postpartum; she had been receiving 5000 IU/day fractionated
heparin throughout pregnancy and after delivery. This treat-
ment was to continue until 6 weeks’ postpartum. She was dis-
charged from hospital 10 days after delivery and one week
later, she reported leg pain. A deep vein thrombosis was con-
firmed by venogram 3 weeks’ postpartum.
Preterm deliveries. Twenty-four percent of deliveries in the
aPL-positive group occurred before 37 weeks’ gestation com-
pared to 9.8% of deliveries in the aPL-negative group (p =
0.004; 95% CI 0.052-0.234; Figure 1). There was no differ-
ence in the frequency of preterm deliveries in the aPL group
between women with a history of 2 compared to > 2 prior
pregnancy losses (30.4% vs 30.7%, respectively).

Within the 3 treatment groups in the aPL-positive group,
preterm and term deliveries were differentially distributed
(Table 2): in the group receiving ASA, 13/27 (48.1%) had
preterm deliveries compared to 7/44 (15.9%) of women
receiving LMWH/ASA (p = 0.003, power with o = 0.05,
0.843; 95% CI for the difference 0.141-0.579) and 1/15
(6.3%) receiving no treatment (p = 0.012, power with o, =
0.05, 0.758; 95% CI for the difference 0.129-0.709). There
was no difference in the frequency of term deliveries among

untreated aPL-positive and aPL.-negative women (93.8% vs
91.4%, respectively).
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Figure 1. Comparison of preterm deliveries in aPL-positive versus aPL-negative pregnancies. There were signifi-
cantly more preterm deliveries in the aPL-positive group (24.1% vs 9.8%; p = 0.004).
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DISCUSSION

Management of TE in women with aPL outside the context of
pregnancy is well described!3-15, Several investigators have
attempted to establish guidelines for the treatment of pregnant
women with confirmed previous or current thromboembolism
regardless of aPL status'®. As Empson, ef al and Derksen, ef
al have shown™, there is also a large if disparate body of lit-
erature regarding management of pregnancy in women with
aPL, although the primary outcome measure of experimental
treatment protocols for this population is usually live birth rate
and not reduction in TE during pregnancy or postpar-
tum>?!18, Despite the lack of evidence-based treatment
guidelines!S particularly for women with aPL in the postpar-
tum period, anticoagulation during and after pregnancy is fre-
quently described as the standard of practice!9-2!, However, as
we have reported, management of patients with RPL with or
without aPL and with or without a history of TE varies con-
siderably from specialty to specialty??, and cannot yet be con-
sidered either standardized or evidence-based.

In our RPL clinic over 5 years, we observed 260 pregnan-
cies that resulted in a live birth in women with a history of at
least 2 prior losses. One woman with aPL in the context of
RPL with no prior thrombotic history had a postpartum TE
compared to none in the group without aPL. An association
between aPL positivity and postpartum TE in this population
of women was not found. Postnatal anticoagulation did not
eliminate the occurrence of a postpartum TE in our patient.
Others have also found that TE can occur despite thrombo-
prophylaxis during pregnancy in women with a history of
prior events®24 Of interest, in a prospective study of 125
pregnant women with a history of TE in the absence of known
aPL or other prothrombotic conditions, Brill-Edwards, et a/?5
found that antepartum thromboprophylaxis was unwarranted
as the risk of recurrent thromboembolism was so low.

Although there was no difference in the number of prior
spontaneous abortions between our 2 groups, more than 60%
of our aPL-negative group with RPL had a history of at least
one live birth compared to 40% of our aPL-positive group,
suggesting an association between primary RPL and aPL pos-
itivity. We were also able to confirm an association between

Table 3. Distribution of preterm deliveries among treatment groups in our
aPL-positive population of women (n = 87) with a history of RPL. Results
are expressed as percentages in each treatment group with either term or
preterm deliveries. In the aPL-negative group, 17 (9.8%) women had
preterm deliveries.

Treatment During Pregnancy ~ Term Deliveries,  Preterm Deliveries,

n (%) n (%)
LMWH + ASA 37(84.1) 7(15.9)
ASA only 14 (51.9) 1348.1)
No treatment 15(93.8) 1(6.3)
All treatment groups 66 (75.9) 21 24.1)

LMWH: low molecular weight heparin.

aPL positivity and prematurity, as there was a significant
increase in preterm deliveries in our aPL-positive group com-
pared to the aPL-negative group. This has been noted by our-
selves and others regarding aPL in the context of systemic
lupus erythematosusZ6,

We noted a modest treatment effect among our patients that
has not been previously reported. Of 16 aPL-positive patients
who received no anticoagulation during pregnancy at the dis-
cretion of their physicians, 15 (93.8%) had term deliveries. A
similar if slightly lower percentage (85%) receiving
LMWH/ASA also had term deliveries. In contrast, only 14 of
27 (51.9%) women receiving only ASA had term deliveries.
These sample sizes are small but the difference between the
ASA and no-treatment groups was statistically significant.
However, this observation should be considered with caution:
this was not a randomized clinical trial comparing treatment
effects. The differences we observed in preterm delivery rates
may simply have been an epiphenomenon, and our observa-
tion is not in agreement with a metaanalysis of ASA con-
sumption during pregnancy in which Kozer, et al concluded
that ASA seemed to have a small but significant effect on
reducing the rate of preterm deliveries in moderate to high-
risk pregnancies?’,

Our study has limitations that should be noted. Our popu-
lation was highly selected and thus our results are probably
not widely generalizable. Second, although our population
was large in comparison to many studies, it was still too small
to establish an association or lack thereof between aPL and
postpartum thrombosis. Finally, pre- and postpartum throm-
boprophylaxis was not protocolized, thus limiting our ability
to comment on the efficacy of individual thromboprophylaxis
regimens.

Defining RPL as = 2 rather than the more commonly
accepted 2 3 consecutive pregnancy losses may also be con-
sidered a weakness of our study by some. While rigid inclu-
sion and exclusion criteria are required for randomized clini-
cal trials evaluating therapeutic regimens, in our routine clin-
ical practice with this population, many referrals involve
women with only 2 losses, and we do not withhold evaluation
or treatment until they have had a further loss. As noted
recently by Petrozza, er a8, controversy exists regarding how
many pregnancy losses should occur before a diagnostic eval-
uation is considered. In addition, if we are to assume that it is
the presence of aPL that influences the development of preg-
nancy-associated TE in women with RPL, rather than their
history of pregnancy loss, then the number of prior losses,
whether 2 or 3, is immaterial. Indeed, the only patient with a
postpartum event in our prospective, observational study had
a history of only 2 losses and did not satisfy classification cri-
teria for APS.

We confirmed an association between aPL positivity and
prematurity, and observed a very low rate of postpartum
thrombosis in patients with RPL, aPL, and no history of TE.
Only one (1.2%) of our aPL-positive patients had a TE during
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or after pregnancy, and this occurred despite concurrent pro-
phylactic anticoagulant therapy. We agree with Gates, ef al®®,
who stated that there is still insufficient evidence on which to
base recommendations for thromboprophylaxis during preg-
nancy and the early postnatal period for women with aPL and
no history of non-pregnancy-related TE. Our findings suggest
that randomized clinical trials of anticoagulant therapy are
urgently needed to establish evidence-based standard of care
for patients with RPL, and in particular, for patients with RPL
and aPL.
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Low Molecular Weight Heparin and Aspirin for
Recurrent Pregnancy Loss: Results from the
Randomized, Controlled HepASA Trial

CARL A. LASKIN, KAREN A. SPITZER, CHRISTINE A. CLARK, MARK R. CROWTHER, JEFF S. GINSBERG,
GILLIAN A. HAWKER, JOHN C. KINGDOM, JON BARRETT, and MICHAEL GENT

ABSTRACT, Objective. To compare live birth rates in women with recurrent pregnancy loss (RPL) and either

autoantibodies or a coagulation abnormality, treated with low molecular weight heparin plus aspirin
{(LMWH/ASA) or ASA alone, and 10 place our results in context with other randomized clinical tri-
als (RCT) with similar cohorts.

Methods. The HepASA Trial was an RCT including patients with a history of RPL and at least 1 of
the following: antiphospholipid antibody (aPL), an inherited thrombophilia, or antinuclear antibody.
Treatment groups were stratified by aPL status and history of early versus late pregnancy losses.
Patients received either LMWH/ASA or ASA alone. The primary outcome was live birth; secondary
outcomes included adverse events and bone loss at the spine and femoral neck, Literature over the
past 20 years was reviewed to identify comparable RCT.

Results. Over 4 years, 859 women with RPL were screened: 88 (10.2%) fulfilled inclusion criteria,
became pregnant and were randomized to receive either LMWH/ASA or ASA alone. aPL were pres-
entin 42 (47.7%) patients in each group. The trial was stopped after 4 years when an interim analy-
sis showed no difference in live birth rates in the 2 groups, and a lower rate of pregnancy loss in the
ASA only group than expected. In the LMWH/ASA group, 35/45 (77.8%) had a live birth versus
34/43 (79.1%) in the ASA only group (p = 0.71). Neither number of prior losses nor aPL status was
correlated with pregnancy outcome. There were no cases of pregnancy related thrombosis in either
group. Mean change in BMD did not differ by treatment group at either the lumbar spine (p = 0.57)
or femoral neck (p = 0.15). RCT since 2000 for aPL positive women with RPL and similar inclusion
criteria report a mean live birth rate of 75% with either LMWH or ASA.

Conclusion. LMWH/ASA did not confer incremental benefit compared to ASA alone for this pop-
ulation. Regardless of treatment regimen, number of prior losses, or aPL positivity, almost 80% of
women in our RPL cohort had a successful pregnancy outcome. These findings contribute to a grow-
ing body of literature that contests the emerging standard of care comprising LMWH/ASA for this
population. (First Release Feb 1 2009; J Rheumatol 2009;36:279-87; d0i:10.3899/jrheurn.080763)

Key Indexing Terms:
RECURRENT PREGNANCY LOSS
RANDOMIZED CLINICAL TRIAL

Approximately 15% of all clinically recognizable pregnan-
cies end in pregnancy loss%2, and it has been estimated that
recurrent pregnancy loss (RPL) affects up to 5% of couples
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trying to conceive®. A patient who has had 2 or more con-
secutive losses can be classified with RPL*. Possible causes
to consider in evaluating RPL include anatomical, genetic,
and hormonal factors, but in over 50% of cases no etiology
is found®, Pregnancy loss in patients with antiphospholipid
antibodies (aPL) including anticardiolipin (aCL) and the
lupus anticoagulant (LAC) has been attributed to placental
infarcts and vascular thrombosis leading to placental insuf-
ficiency®’. Others have observed an inhibition of tro-
phoblast invasion and differentiation as a possible mecha-
nism for early pregnancy loss®?. The role of an immune-
mediated mechanism to explain RPL has been examined
based on observations initially made in women with sys-
temic lupus erythematosus (SLE), an autoimmune disease
that can be accompanied by higher than normal rates of fetal
loss'0. Certainly, the deposition of immunoglobulins, com-
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plement, anti-DNA antibodies, and antinuclear antibodies
(ANA) in the lupus placenta suggest that coagulopathy is
not the only mechanism of placental (and therefore fetal)
ischemia, and that immune-mediated inflammatory mecha-
nisms may also contribute to intrauterine growth restriction
(TUGR) and fetal loss!!,

The present standard of care for women with aPL and
RPL is treatment with heparin and aspirin (ASA)!2. Early
data supporting the use of ASA and unfractionated heparin
to improve live birth rate in women with RPL and aPL
appeared in 2 small studies in the 1990s'314. Rai and col-
leagues'®, in determining the required sample size for their
randomized trial, predicted rates of loss with ASA alone that
were significantly higher than observed by others both
before and since!>-17, They included women with very low
levels of aPL, and found a decrease in early fetal loss with
the use of unfractionated heparin and ASA compared to
ASA only. They also reported no treatment benefit for
pregnancies that survived beyond 13 weeks’ gestation, a
finding not supported by others!8. In a more recent ran-
domized clinical trial (RCT), Farquharson, et al found no
improvement in pregnancy outcomes of aPL positive
women with a history of RPL when comparing treatment
with low molecular weight heparin (LMWH)/ASA vs
ASA alone'’ and Carmona, et al found that preconceptu-
al ASA treatment was an independent predictor of live
birth!®, Subsequent to the design and initiation of our
HepASA trial, Empson, ez 2/, in a Cochrane database
review, concluded that treatment with unfractionated
heparin and ASA may reduce pregnancy loss by 54% but
that large randomized controlled trials are still needed to
explore potential differences between unfractionated
heparin and LMWH.

A relationship between inherited and acquired throm-
bophilias and RPL has been examined, with small uncon-
trolled studies favoring treatment with LMWH to improve
pregnancy outcome?!23, but evidence supporting this treat-
ment remains inadequate?*. A recent systematic review con-
cluded that owing to limited evidence of efficacy, treatment
with LMWH/ASA remains empiric in women with inherit-
ed thrombophilias?3.

As previous studies of these therapeutic regimens have
not proven conclusive due to small sample sizes and/or
weak study design, we undertook a randomized controlled
trial of LMWH and ASA versus ASA alone for women with
prior adverse obstetric outcomes, autoantibodies including
aPL, and inherited thrombophilias, commencing randomiza-
tion early in the first trimester, The primary objective of the
HepASA Trial was to investigate whether treatment with
LMWH plus ASA results in an increased rate of live births
compared to treatment with ASA alone. The secondary
objective was to compare adverse events and the incidence
of bone loss in the 2 groups. In addition, we wanted to place
our findings in the context of other comparable trials and

determine why, in the apparent absence of consistent find-
ings, a standard of care has emerged for this population.

MATERIALS AND METHODS

Objectives. In this open label RCT, we investigated whether treatment with
LMWH/ASA results in increased live births in women with a history of
consecutive RPL and autoantibodies compared to treatment with ASA
alone.

Participants. Inclusion criteria; Women considered for participation in this
trial fulfilled the following criteria: aged 18-44 years at the time of ran-
domization; a history of 2 2 unexplained consecutive pregnancy losses
prior to 32 weeks gestation; presence of at least 1 of the following: ANA,
aPL, or an inherited thrombophilia; and confirmed pregnancy by either 2
appropriately rising quantitative beta human chorionic gonadotropin
(BhCQG) tests performed 48 h apart or by ultrasound confirming fetal heart
activity,

Exclusion criteria: Exclusion criteria included SLE (fulfilling American
College of Rheumatology classification criteria2®), known peptic ulcer dis-
ease (within the last 5 yrs), sensitivity to ASA or heparin obtained by self
report, bone mineral density z score < ~2.5, known platelet function abnor-
mality, or a previous thromboembolic event (TE) requiring ongoing antico~
agulant therapy including heparin, ASA, or warfarin, verified in medical
records. Patients were also excluded if any genetic, anatomic, or hormonal
etiology for pregnancy loss was identified by (respectively) karyotype
analysis of both partners, hysterosalpingogram/sonohystogram, and a hor-
monal evaluation (which included either an endometrial biopsy or loss
while taking progesterone or clomiphene therapy or mid luteal phase serum
progesterone levels timed appropriately). Any such patient was referred for
appropriate counseling or treatment. Geographic distance from the clinic
and hospitals in Toronto/Hamilton, Ontario, as well as failure to consent to
participate were additional exclusion criteria.

Laboratory evaluation: Positive serology was defined as at least one of
the following tests found to be positive on 2 occasions at least 8 weeks
apart; anticardiolipin IgG [> 15 IgG phospholipid units (GPL)] or IgM [>
25 IgM phospholipid units (MPL)}; LAC measured by Russell’s viper
venom time (RVVT), kaolin-cephalin clotting time (KCCT), dilute pro-
thrombin time (DilPT), or lupus sensitive activated partial thromboplastin
time (2PTT-LA)*; or the presence of 1 positive test on a thrombophilia
screen {which included protein C (functional), protein § (free) antigen
functional, activated protein C resistance (APCR) assay, factor V Leiden,
prothrombin 20210 AG, and methylenetetrahydrofolate reductase
(MTHFR)]; or ANA 2 1/80. All eligible patients signed consent to partic-
ipate at the pretrial visit and again at randomization once confirmed
pregnant.

Clinical assessments: A study physician evaluated all randomized
women every 6 weeks during their pregnancy. The assessment included a
general examination preceded by a detailed history including a functional
inquiry assessing for the presence of a systemic autoimmune disorder.
Platelets were measured 6 to 12 days after beginning LMWH and every 6
weeks thereafter. Partial thromboplastin time (PTT) was measured at each
visit. Obstetrical evalvations were performed according to accepted stan-
dard of practice. Data were collecied at the obstetrical visits to document
fetal development and well-being as well as maternal complications.
Delivery information was obtained from the cbstetrician or from medical
records. Patients were seen 6 weeks post partum and had a bone mineral
density (BMD) performed 6-12 weeks’ post partum. Spine (1.2~L4) and hip
(femoral neck) BMD were measured in g/em? by dual energy x-ray absorp-
tiometry using a Lunar DPX-L bone densitometer (Lunar Corporation,
Madison, W1, USA). Measurements throughout the trial were performed by
a single, certified densitometry technician. The coefficient of variation
determined by test-retest with repositioning was 1.18% at the spine and
1.56% at the femoral neck.

Adverse events: Side effects were recorded at each visit by the study
physician using a standard questionnaire. BMD was assessed prepregnancy
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and 6-12 weeks at a single laboratory by a single technician to allow quan-
tification of the effect of LMWH on BMD as well as to determine the effect
of pregnancy on BMD in the ASA only group,

Interventionsitrial products. The trial drug, LMWH (Fragmin, dalteparin
sodium), was provided by Pfizer (formerly Pharmacia and Upjohn) as a
solution for injection with potency described in intemational anti-Xa units
(TU) and supplied in multidose vials (25,000 anti-Xa 1U/mi). All patients
randomized to receive LMWH were taught to self-inject the medication
subcutaneously once daily until 35 weeks® gestation or delivery, at a dose
of 5000 IU/day. ASA (81 mg enteric coated) was used in combination with
LMWH in the investigational group, and ASA alone was administered in
the reference group. Medication compliance was measured at each clinical
visit by patient self-report and retumn of used LMWH vials.

Sample size. The sample size estimate was based upon an expected live
birth rate of 50% in the ASA-treated patients derived from the live birth rate
in the placebo arm of the ASA/P study!S. A 25% absolute improvement in
live birth rate with LMWH/ASA treatment was hypothesized'%. The sam-
ple size was based on the number needed to show a significant difference
in proportions, with a 2-sided alpha of 0.05 and a beta of 0.10, and was cal-
culated to be 90 patients per group (180 patients in total). We assumed a
10% dropout rate, resulting in a planned sample size of 200 with an accru-
al rate of 50 per year for the 4-year funding period. An interim analysis was
built into the study design to occur once 90 patients were randomized.

Randomization. The randomization schedule was created by the
Coordinating and Methods Centre (CMC) of McMaster University in
Hamilton. Randomization was performed at the CMC, with communication
by telephone, when an eligible patient was confirmed pregnant, Patients
were randomized to receive prophylactic doses of LMWH and ASA or
ASA only. The CMC assigned a study number to the patient and provided
treatment allocation data to the study coordinator, Patients were stratified
by presence or absence of aPL, and carly (£ 14 wks) versus late (15-32
wks) losses. The rationale for stratification was to enable subgroup analy-
sis of aPL. positive women, who may have a different risk or poorer out-
comes than the other women included in this study. Women with a history
of both early and late losses were assigned to the late stratum.

Blinding, The trial was an open label design, as the investigators did not
consider daily subcutaneous placebo injections to pregnant women ethical;
further, ascertainment of the primary endpoint (live birth) should not be
subject to bias as a result of knowledge of treatment strategies. We also
examined safety variables including adverse events and changes in BMD.
Statistical analysis. The primary analysis was “intent to treat” based on
stratified logistic regression with an adjustment for age and timing of loss-
es as well as the treatment variable. The trial design planned for a multi-
variate analysis, permitting subgroup analysis paying atiention to antibody
profiles, early and late losses, maternal age, and side effect profiles. Mean
change in BMD from baseline to followup was compared by treatment
group using a Student’s ¢ test. Participants were classified as having expe-
rienced bone loss at the spine and femoral neck separately based on the esti-
mated least significant change. Logistic regression was used to examine the
effect of treatment group on BMD loss for the spine and femoral neck sep-
arately. Statistical analysis was performed using SAS (Version 9.1).

Ethics approval, Our stady was approved by the University of Toronto Ethics
Review Board, Toronto, and by the Ethics Review Board at McMaster
University (Clinical Trials.gov registration number NCT00564174).

RESULTS

A total of 859 women were screened for inclusion in the
HepASA trial between 2000 and 2004 (Figure 1). From the
panel of laboratory markers tested, 266 women (31%) had at
least 1 positive result. One hundred eighty-three of the pos-
itive patients completed the required gynecologic tests, and
112 of these patients consented to participate once they

became pregnant. Twenty-four failed to conceive during the
study period and 88 patients were randomized (10.2% of the
total screened): 43 patients to receive ASA only and 45 to
receive LMWH/ASA.

Figure 1 summarizes study recruitment. Baseline patient
characteristics are summarized in Table 1. There were no
significant differences between the 2 groups in demograph-
ic characteristics, obstetric history, mean age at randomiza-
tion (33.8 vs 34.6 yrs), or laboratory profile. Forty-two
patients (47.7%) of those randomized were aPL positive (25
for IgG; 6 for IgM; 15 for LAC; and some patients for more
than 1 aPL) and 22% had one of the panel of thrombophilia
markers tested, all heterozygous.

Our study was designed to have a sample size of 200
patients and we had anticipated completion within the 4-
year funding period. However, after 4 years of recruitment
and screening 859 women, only 88 patients had been ran-
domized (Figure 1). The steering committee decided to end
the trial upon completion of the 4-year funding period when
it was revealed that an interim analysis showed no signifi-
cant difference in pregnancy outcome between the groups.
In addition, the pregnancy loss event rate in the ASA only
group was much lower than originally hypothesized.

There were 35 (77.8%) live births in the LMWH/ASA
group and 34 (79.1%) live births in the ASA only group
(p = 0.75 by Fisher’s exact test, Table 2). There was no asso-
ciation between number of previous pregnancy losses (2 vs
2 3) and pregnancy outcome: relative risk (RR) 0.70; 95%
confidence interval (CI) of RR: 0.40-1.22 (p = 0.20). Mode
of delivery was similar in the 2 groups: RR 1.04; 95% CI
0.77-1.41 (p = 0.80). One patient in the ASA only group had
a twin pregnancy that resulted in 1 live birth and 1 stillbirth,
Thus the total number of cutcomes in the ASA only group
was 44. A neonatal death occurred in the ASA group, attrib-
uted to cervical incompetence, preterm premature rupture of
membranes, and delivery at 22 weeks’ gestation (with the
neonate living for less than 1 h). Spontaneous abortions
S 14 weeks’ gestation occurred in 7 (15.5%) of the
LMWH/ASA pregnancies and in 8 (18.6%) of the ASA only
pregnancies with the mean (range) gestational age at the
time of loss being 9.8 (7.7-10.7) weeks versus 8.9
(5.9-13.0) weeks, respectively. There were no pregnancy
losses between 15 and 20 weeks’ gestation,

The median birth weight in the LMWH/ASA group was
3404.5 grams (g) and 3250 g in the ASA only group (p =
0.627). Birth weights were below the 10th percentile based
on Canadian census data®® in 9 patients (including 1 twin
stillbirth), with 3 in LMWH/ASA group and 6 in the ASA
only group. Placental maturation was noted in one of these
patients and increasing blood pressure in another, both
resulting in the decision to induce labor, Obstetric histories
of early versus late loss were not associated with any differ-
ence in the live birth rate in the 2 groups (Figure 2). Of the
11 patients with a history of stillbirth, none had a late preg-

-*—-—-[ Personal non-commercial use only. The Journal of Rheumatology Copyright © 20089. All rights reserved. ——

Laskin, et al: Heparin and ASA for pregnancy loss

281



Women referred for eligibility screening: n = 859

3 No autoantibodies,

\ 4

negative for thrombophilia 3
screen; n = 574 :

Positive for autoantibodies or thrombophilia
screen: n = 266

Chose not to complete

A 4

Completed anatomic, genetic and
hormonal investigations: n = 183

n=83

| gynecological investigations:

: Anatomic, hommonal or
' genefic abnormalities, sent

A 4

i for appropriate ireatment or
i counseling: n=71

1
levamm e rammr s n s menme - B

Eligible and consented fo participate: n = 112

' Failed to conceive during

A 4

Randomized: n =88

5 study:n=24 E

ASAonly:n=43 Heparin and ASA: n =45

Figure 1. CONSORT flow chart for recruitment to the HepAS

nancy loss or stillbirth in the study pregnancy: 7 had a live
birth; 4 had early pregnancy losses. Three of the 7 live births
occurred among the 9 patients with a birthweight less than
the 10th percentile.

Stratification by presence or absence of aPL at random-
ization resulted in 22 aPL positive patients randomized to
LMWH/ASA (48.9%) and 20 randomized to ASA (46.5%)
(Table 1). Table 3 summarizes pregnancy outcome based on
aPL presence and treatment group. No significant difference
was detected with respect to pregnancy outcome. Live births

A trial.

were evenly distributed across GPL and MPL titers in both
treatment groups, but the sample sizes were too small to
enable any conclusions regarding the significance of that
observation. There were no cases of a maternal thromboem-
bolic event either during pregnancy or in the postpartum
period in either group.

Of the 88 trial participants, 23/45 randomized to
LMWH/ASA and 15/43 randomized to ASA alone complet-
ed both baseline and followup BMD assessments. For these
38 women, the mean duration of time between assessments
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Table 1. Baseline patient characteristics of the 2 treatment groups.

Varigble, n ASA Only LMWH/ASA
(n=43) (n=45)
History of early losses (< 14 wks) 34 32
History of late losses (> 14 wks) 9 13
Still birth ever (20~32 wks) 7 4
Live birth ever 15 15
Maternal age at randomization, yrs, 338 4.1 346 (3.9)
mean (SD)
Gestational age at randomization, wks, 5.6(1.5) 58(1.5)
mean (SD)
Current smoker 3 5
aPL (aCL and/or LAC) 20 22
Inherited thrombophilia 10% gk
ANA 15 15
2 2 Laboratory abnormalities 4 . 7

ASA: aspirin; LMWH: low molecular weight heparin; aPL: antiphospho-
lipid antibody; aCL: anticardiolipin antibody; LAC: lupus anticoagulant;
ANA: antinuclear antibody; SD: standard deviation. * 7 heterozygous for
Factor V Leiden, 3 heterozygous for prothrombin 20210 AG. ** 7 het-
erozygous for Factor V Leiden, ! heterozygous for prothrombin 20210 AG,
and 1 heterozygous for both prothrombin 20210 AG and methylenete-
trahydrofolate reductase (MTHFR).

Table 2. Pregnancy outcome stratified by treatment group. Data are pre-
sented as n (%). There were no statistically significant differences between
the 2 weatment groups with regard to obstetrical outcomes. There was 1
twin pregnancy in the ASA only group, resulting in 44 pregnancy outcomes
from 43 pregnancies.

Pregnancy Outcome, n LMWH/ASA,  ASA Only,
n=45 n=43
Loss, £ 14 wks gestation 7(15.6) 8 (18.6)
Loss, 14 to 20 wks gestation 0(0) 00
Ectopic pregnancy 2(4.4) 00
Still birth (2032 wks) 1(22) 1*(2.3)
Live birth 35(77.8) 34%(79.1)
Induced delivery 9(20.0) 8(18.2)
Caesarian section 11 (24.4) 14 (31.8)
Neonatal death 0 1
Total 45 44%

* One patient had a twin birth with 1 still birth and 1 live bith. LMWH:
low molecular weight heparin; ASA: aspirin.

was 1.35 years (0.84-2.82 yrs) and was similar for the 2
groups (p = 0.18). Mean change in BMD for the 38 women
was ~0.05 g/cm? at the spine (range —0.30 to 0.07) and ~0.01
g/em? at the femoral neck (range —0.16 to 0.115). Mean
change in BMD did not differ by treatment group at either
the lumbar spine (p = 0.57) or femoral neck (p = 0.15).
Twenty-eight of the 38 women with complete BMD data
experienced significant loss of bone mass over the interven-
ing period at 1 or both of the lumbar spine or femoral neck;
27 of the 28 experienced loss at the spine, and 13 of the 28
experienced loss of bone mass at the femoral neck. The odds
of loss of bone mass were not significantly different for
those in the LMWH/ASA group compared with those in the

ASA alone group [odds ratio, OR (any loss) = 0.97, 95% CI
0.22 — 4.24, p = 0.97; OR (spine loss) = 0.71, 95% CI
0.17-2.92, p = 0.63; and OR (hip loss) = 2.33, 95% CI
0.57-9.291.

DISCUSSION

The HepASA trial, comparing LMWH/ASA and ASA alone
in women with RPL, did not show any demonstrable differ-
ence in the rate of live births in the 2 groups. Our results add
to the body of literature'6:!7 suggesting that use of heparin
plus ASA in women with RPL may not be as beneficial as
originally suggested!31%. There were no major adverse
events associated with either treatment. One stilibirth did
occur in each treatment arm and the only neonatal death
occurred in the ASA only group, associated with cervical
incompetence and preterm premature rupture of membranes
at 22 weeks’ gestation.

Two subgroups included in HepASA have been the sub-
ject of much discussion. The study was stratified by pres-
ence of aPL, as this population has been included in many
previous studies. Although our final sample size resulted in
lower than the desired statistical power, the subgroup of
women with aPL did not appear to benefit from the use of
LMWH plus ASA (Table 3). Unfortunately, although aCL
titers and live births in our aPL positive women were even-
ly distributed between the 2 treatment groups, the sample
size was not sufficient to enable any conclusions to be drawn
with regard to titer-based treatment efficacy. Of patients
screened for this trial, the number positive for aPL was 31%
{256/859), which was lower than our previous experience!>,
and as not all of these women satisfied our inclusion/exclu-
sion criteria, we concur with the findings that approximate-
ly 20% of women with RPL have aPL25.

The data collected in this study did not show evidence
that LMWH use was associated with increased bone loss
versus the ASA group. The safety of LMWH in pregnancy
has been described by others®%3! and bone loss appears to
be similar for women on LMWH or on unfractionated
heparin®2. Both pre- and post-BMD measurements were
obtained in 54% (38/70) of the patients with live births. We
surmise that as our patients come from a wide radius around
Toronto, the followup BMD appointment at the reference
laboratory, located downtown, may have been difficult to
attend despite our efforts to accommodate schedules.
Additionally, since a number of our patients became preg-
nant very quickly after their successful pregnancy in this
trial, they may not have undergone postpartum BMD if they
were already pregnant.

We included women with a history of 2 or more consec-
utive first trimester pregnancy losses, as we and others have
noted that the causes of RPL are similar in women with 2 or
3 losses®’. We support investigation and, if appropriate,
treatment of women with RPL after 2 consecutive losses
rather than after a third loss*. Indeed, our analysis of women
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ed to end the trial at the end of the 4-year funding period.
The pregnancy loss event rate was much lower in the ASA
only group than originally hypothesized and there was no
difference in live birth rate in the 2 treatment groups. It was
clear that a much expanded sample size would be necessary
to detect a difference between the 2 arms and would require
screening thousands more patients.

Our experience highlights the difficulty in recruiting RPL
patients with antoantibodies and inherited thrombophilias
into clinical trials and suggests that investigators studying
this population need to carefully consider feasibility and
multicenter collaboration. Despite the high referral rate to
our center (> 200 patients/yr), it was not feasible to fulfill
enrollment in an appropriately-powered decisive trial in 4
years. We recognized the need for collaborators early on but
it proved difficult to find centers willing to participate. Some
potential collaborators who treat women with RPL were
uncomfortable with the trial inclusion of an ASA only treat-
ment arm, as they felt it inappropriate to withhold heparin
from aPL- or inherited thrombophilia-positive patients.
Literature available at the time of trial design suggested a
much higher incidence of inherited and acquired throm-

bophilias in women with RPL!® than we have subsequently
reported3S. Although the association of thrombophilias with
RPL has been confirmed in 2 metaanalyses®”38 data support-
ing recommendations to treat with anticoagulants remain
limited?®, and the small sample size of patients with throm-
bophilias in each of our study groups did not permit statisti-
cally valid comparison of treatment efficacy.

There have been a number of RCT for patients with RPL
with aPL evaluating either unfractionated (UFH) or LMWH
(Table 4) over the past 15 years. Each trial determined its
own aPL inclusion criteria; for example, cutoffs for aCL 1gG
levels varied from a low of 51 to a high of 30%° GPL, and
each center measured LAC by different methodologies, and
intuitively, these design inconsistencies might be expected
to result in differential outcomes. However, regardless of
differences in aPL status among the various trials, the live
birth rates, whether in the UFH or LMWH treatment groups,
are similar, ranging from 71.1% to 84%, with a weighted
mean of 77.0% (standard deviation: 4.1). The only signifi-
cant differences among trial outcomes are in the ASA-only
treatment arms (Table 5): the live birth rates in those vary
from a low of 42.2%1* to a high of 80.0%!6. Interestingly,

Table 4. Comparison of live birth rates for women with recurrent pregnancy loss and aPL. Results from 8 randomized clinical trials from 1996 to 2008 eval-
uating either unfractionated heparin or low molecular weight heparin in combination with aspirin.

Author, year n Determination of aPL Positivity Intervention Live Births (%)

Kutteh, 199612 25 aCL IgG 2 27 or IgM 2 27 (Pos LAC excluded) ASA 81 mg/day + sc UFH 5000 U bid 20/25 (80.0)

Rai, 1997 45 aCL IgG > 5 or IgM > 3 or LAC (RVVT) ASA 75 mg/day + sc UFH 5000 U bid 32/45 (71.1)

Cowchack, 19923 26 aCL IgG > 30 or IgM > 11 or LAC (DRVVT or APPT)  ASA 80 mg/day + sc UFH 10,000 U bid 19/26 (73.1)

Noble, 20054° 25 aCL IgG > 20 or IgM > 20 or aPS > 3 MOM or ASA 80 mg/day + sc UFH 5000 U bid 20/25 (80.0)
LAC (DRVVT)

Franklin, 20024} 25 aCL IgG > 20 or IgM > 20 and/or aPS > 3 MOM ASA 81 mg/day + sc LMWH 5000 IU bid 19/25 (76.0)

and/or LAC (DRVVT)
Farquarson, 200217 51 aCL IgG > 9 and/or IgM > 5 or LAC (DRVVT) ASA 75 mg/day + sc LMWH 5000 IU/day 40/51 (78.4)
Noble, 200510 25 aCL IgG > 20 and/or IgM > 20 and/or aPS >3 MOM  ASA 81 mg/day + sc LMWH 40 mg/day 21/25 (84.0)
and/or LAC (DRVVT)
Laskin, 2008 22 aCL IgG > 15 and/or IgM > 25 and/or LAC ASA 81 mg/day + sc LMWH 5000 IU/day 17122 (77.3)

(DRVVT, PTTLA, DilPT, KCT)

RPL: recurrent pregnancy loss; UFH: unfractionated heparin; LMWH: low molecular weight heparin; ASA: aspirin; aPL: antiphospholipid antibody; aCL:
anticardiolipin; LAC: lupus anticoagulant; DRVVT: dilute Russell’s viper venom time; MOM: multiples of the mean; PTTLA: lupus anticoagulant sensitive

partial thromboplastin time; DilPT: dilute prothrombin time.

Table 5. Comparison of studies with ASA only treatment arms for aPL positive patients with recurrent preg-

nancy loss.

Study, Year n aPL Positivity % Live Births
Cowchock, 1992%% 19 aCL IgG > 30 or IgM > 11 and/or LAC (DRVVT or APPT) 68.4
Kutteh, 19963 25 aCL IgG2 27 or IgM 2 27 (Pos LAC excluded) 44.0

Rai, 199744 45 aCL IgG > 5 or IgM > 3 andfor LAC (RVVT) 422
Pattison, 200016 20 aCL IgG 2 5 orIgM 2 5§ andfor LAC (aPTT, DRVVT, KCT) 80.0
Farquarson, 2002!7 47 aCL 1gG > 9 or IgM > 5 and/or LAC (DRVVT) 72.3

Laskin, 2008 21

aCL 1gG > 15 or IgM > 25 and/or LAC (DRVVT, PTTLA, DilPT, KCT) 714

ASA.: aspirin; aPL: antiphospholipid antibody; aCL: anticardiolipin; LAC: lupus anticoagulant; DRVVT: dilute
Russell’s viper venom time; PTTLA: lupus anticoagulant sensitive partial thromboplastin time; DilPT: dilute

prothrombin time.
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both the lowest and the highest birth rates with ASA only
treatment occurred in the trials with the lowest cutoff for
aCL positivity, and the second lowest birth rate occurred in
a trial that excluded LAC positive patients altogether!3. The
2 trials with the lowest birth rates with ASA only treat-
ment'>!* were among the earliest completed with this pop-
ulation, and were also among those few that have reported a
significant benefit for heparin and ASA over ASA alone.
Their findings helped to establish the current standard of
care that continues to recommend the use of LMWH/ASA
for women with RPL and aPL.

However, the results from our HepASA trial add to a
growing body of evidence reported since 200016174041 ga¢
does not support the use of LMWH plus ASA over ASA
alone in this population. We agree with Gates, et ai*?, who
concluded after a thorough literature review, that for women
with aPL, RPL, and no prior history of thrombosis, there is
insufficient evidence to base recommendations for thrombo-
prophylaxis in pregnancy.
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Purpose:

ASA/P (1988-94) was a double-blind, controlled, randomized therapeutic trial of 202 women with a history of recurrent
pregnancy loss {RPL) with or without antiphospholipid antibodies (aPL). The study found no difference in live birth rates
between treatment with either aspirin and prednisone (ASA/P) or placebo, between a history of early vs late losses, or
between aPL positive or negative patients. Others have reported increased rates of thrombotic events (TE) and
development of the antiphospholipid syndrome (APS) in this patient population in longterm followup studies 1-12 years
after pregnancy loss accompanied by aPL. We wanted to determine the incidence of subsequent TE and APS in our
longterm followup cohort.

Method: All participants in the ASA/P trial were sent questionnaires in 2008-09 that included a series of self-report
yes/no questions based upon the clinical classification criteria for SLE/APS. We also requested information regarding
subsequent pregnancies, medications currently being taken, and medical specialists currently being seen.

Results: Forty (19.8%) patients were considered lost to followup after their questionnaires were *returned-to-sender”
and further attempts to update contact information failed. Fifty-five completed questionnaires were received (34.0%
response rate). Median age of respondents: 51 (range 42-57); median years since trial participation: 17 (range 14-20).
When comparing respondents to the original trial participants, 52% of respondents had received ASA/P, 67% had a live
birth In the trial, and 51% were aPL-positive, not significantly different from the group as a whole. Twenty-three
women had 34 subsequent pregnancies resulting in 22 live births, 10 early losses, 1 stillbirth, and 1 ectopic pregnancy
(18/23 women had at least 1 live birth in the interval since trial participation). There have been no TE and no one has
been diagnosed with APS.

Conclusion: The group of 55 women who responded to our followup questionnaire 14-20 years after participating in
the ASA/P trial was representative of the original study cohort. In contrast to other longterm followups of patients with
RPL and aPL, none of our respondents reported any TE and none has been diagnosed with APS. These results suggest
that RPL, even in the context of aPL, is neither associated with nor predictive of the development of subsequent TE
even as long as 20 years after initial presentation.
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Disclosure: C. A. Clark, None; K. A. Spitzer, None; C. A. Laskin, None.
<< Previous Abstract in Session | Next Abstract in Session >>

See more of: Antiphospholipid Syndrome: Pathogenesis and Clinical Aspects
See more of: ACR Poster Sessions



c00053

s0020

p0030

p0040

p0020

CHOS3.Indd 627
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Pregnancy and Autoimmune
Rheumatic Disease

CARL A. LASKIN, CHRISTINE A. CLARK AND KAREN $. SPITZER

PREGNANCY AND THE RHEUMATIC
DISEASES

Rheumatic diseases occur most often in women, rang-
ing from an incidence of 9:1 (female :male) in systemic
lupus erythematosus (SLE) to 3:1 in rheumatoid arthritis
(RA). It follows logically that physiological states charac-
terized by hyperestrogenicity would likely have an effect
on disease activity. Pregnancy may therefore exacerbate
disease or be associated with disease amelioration, if not
remission.! Medical issues associated with pregnancy may
be rather complicated due to the multisystemic nature of
rheumatic disorders,? presenting many challenges for the
attending physicians, whether general internists, rheuma-
tologists, or obstetricians. Of particular concern are the
medications used to treat these patients. Although some
medications may be completely safe in pregnancy, it may
be necessary, depending on the drug, to discontinue certain
agents from 3 weeks to 2 years prior to conception. Under
ideal circumstances, any patient with an underlying medi-
cal problem should be assessed prior to a pregnancy in
order that the pregnancy can be undertaken electively and
as safely as possible. On too many occasions a patient may
first present in a medical office pregnant either with active
disease or on unsafe medications. Critical decisions must
be made at these times that may be difficult emotionally
and ethically.

Among the rhenmatic diseases that could be addressed
in this chapter, many are simply too uncommon to war-
rant detailed discussion. Therefore, those djsorders that
are more likely to be encountered by the clinician will be
discussed.

Principles of Gender-Specific Medicine
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IMMUNE FUNCTION IN THE CONNECTIVE
TISSUE DISEASES AND PREGNANCY

Most rheumatic diseases are characterized by abnormalities
in immunoregulation due to an imbalance in immune sup-
pressor activity. Pregnancy and the accompanying hormonal
changes may have a significant effect on disease manifesta-
tions, either amelioration or exacerbation.

Circulating autoantibodies are the primary marker of
most connective tissue diseases (CTD), which may either
be causative of or merely associated with tissue damage.
These autoantibodies may bind with antigens on cell sur-
faces resulting in tissue destruction. As an alternative to
this cytotoxic mechanism, the autoantibody may bind with
antigen to form either a circulating or in situ immune com-
plex or fix complement, thereby initiating an inflammatory
response when fixed in tissues, which then results in dam-
age (immune complex mechanism). The clinical manifesta-
tions vary according to the site of tissue injury, which, in
turn, varies according to the disease entity. This may lead to
inflammatory synovitis as in RA or a multisystern disorder
as in SLE.?

During pregnancy a number of alterations in immune
function occur affecting lymphocyte function, humoral
immunity, and the inflammatory response. Awareness of
these changes is of paramount importance in the assessment
of a patient with a known or possible CTD. Human preg-
nancy is associated with an increase in immune suppressor
activity leading to a decrease in humoral B cell function.
In many autoimmune diseases there is dysregulation of the
immune response leading to an impairment of suppressor
activity resulting in polyclonal B cell activation. Therefore

Copyright 2009, Elsevier Inc. All rights reserved,
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the superimposition of pregnancy on the immunoregulatory
abnormalities present in a woman with a CTD will alter the
immune environment and may even correct the abnormali-
ties existing in the CTD. Regardless, the interaction of these
two altered immune states must be appreciated in order to
account for changes in disease activity.

A BRIEF OUTLINE OF THE IMMUNOLOGY
OF IMPLANTATION, PREGNANCY, AND
LABOR AND DELIVERY

The fundamental theory of the establishment of pregnancy
has been the Th1/Th2 paradigm.! Helper-T cell clones
can be divided into two phenotypes that secrete a distinct
cytokine pattern (Table 53.1).* During pregnancy, there is
an overall suppression of Thl-mediated celtular immunity
and an enhancement of Th2-mediated humoral immunity.
The maintenance of pregnancy requires the downregula-
tion of the pro-inflammatory Thi cytokines (tissue necrosis
factor-alpha [TNF-qf, interferon gamma [IFN-~], and inter-
leukin-2 [IL-2]) and the upregulation of anti-inflammatory
Th2 cytokines (IL-4, IL-6, and IL-10). During embryo
implantation, uterine epithelial cells surrounding the blasto-
cyst undergo apoptosis. These apoptotic cells are then taken
up by macrophages found in excess at the implantation site,
The uptake of the apoptotic cells into the macrophages pro-
motes the secretion of Th2 cytokines and suppresses the
release of Thl cytokines including TNF-¢ from the mac-
rophages. The Th2-rich anti-inflammatory environment
surrounds and protects the developing embryo. Therefore
pregnancy appears to be a Th2 phenomenon. Recent data,
however, suggest that this paradigm may be overly simplis-
tic. Although TNF-o and IFN-v have been implicated in
failed implantation or early pregnancy loss, it now appears
that small quantities of these cytokines may be necessary
for the successful implantation of the embryo. Moreover,
it may be that Thi activity both accompanies and pre-
dominates over Th2-mediated events during the early

TABLE 53.1 Distribution of cytokine production between
helper cell clones, Th! and Th2*

Thi Th2
IFN-y L3
L2 IL-4
TNF- L-5
TNF-o IL-6
GM-CSF IL-10
L3 IL-13
IL-10 TNFo
GM-CSF

IFN: interferon; IL: interleukin; TNF: tumor necrosis factor; GM-
CSF:granulocyte macrophage colony-factor,
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implantation period, and premature and term labor. Thi
activity plays an important role in the promotion of the Th2
response, regulation of the placentation process, defense
against infections, and initiation of delivery. The new par-
adigm should more properly be thought of as “Th1-Th2
cooperation” rather than a Th2-dominant phenomenon.

MANAGEMENT OF REPRODUCTIVE
ISSUES IN THE RHEUMATIC DISEASES

As with any woman with an underlying medical problem,
pregnancy should ideally be elective. Planning minimizes
the risks not only of disease complications to mother and
fetus but also of birth defects due to medication. Prior to
becoming pregnant, the patient should be assessed by an
internist with specific notice taken of the manifestations of
the underlying disease, the past history of exacerbations,
and past and current medications. The attending physician
will then be able to document (a) the clinical profile; (b) the
laboratory profile; (c) the frequency and pattern of the most
recent disease flare; and (d) the current medications.

= Clinical profile: This profile is constructed from the his-
tory and physical examination. In addition, the past
history is utilized to record how the disease initially pre-
sented and the usual manifestations of a flare.

Laboratory profile: The laboratory tests that best reflect
the patient’s disease status are used as indicators of dis-
ease activity during a pregnancy. The profile is con-
structed from the current laboratory tests and any relevant
serology, as well as noting which laboratory variables are
associated with disease activity.

Most recent disease flare: It is important to determine
and document the most recent exacerbation of the disease
as well as the severity. The timing of a pregnancy will
determine the safety of such an undertaking. Appropriate
counseling of the patient can then be undertaken. This
information should be incorporated into the patient’s
clinical profile.

Medications: A detailed history of current medications is
essential to provide appropriate counseling to the patient
regarding the timing of a pregnancy. Many antirheumatic
drugs are unsafe in pregnancy, and because many are also
long acting, they may have to be discontinued months
prior to conception,

SYSTEMIC LUPUS ERYTHEMATOSUS

SLE is a multisystem autoimmune disorder characterized
by diverse clinical and laboratory abnormalities, with a
variable disease course. The disease predominantly affects
young women in childbearing years but may occur in any
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age group. The prevalence has been reported from 15 to 50
per 100000 population but varies considerably according to
race and ethnic background. Clinical manifestations are the
result of inflammation of multiple organ systems including
skin, joints, kidneys, nervous system, and serosal mem-
branes. Diagnosis and management of SLE is often difficult
due to heterogeneity of the clinical and laboratory manifes-
tations. Most clinicians rely upon the American College of
Rheumatology (ACR) 1982 classification criteria to assist
in the assessment of patients with an established or possible
diagnosis of lupus.’ Genetic factors have been documented
with a strong association with MHC components HLA-DR2
and -DR3%

Apart from the minor organ manifestations of arthritis
and dermatitis, clinical evidence of renal involvement is
found in 50-66% of patients with SLE. The World Health
Organization has recognized six classes of lupus glomeru-
lonephritis.” The prognosis varies according to the severity
of involvement with mesangial and membranous glomeru-
lonephritis having a better prognosis than proliferative dis-
ease. Central nervous system involvement may present with
neurologic and/or psychiatric manifestations.

Laboratory findings in SLE include cytopenias, abnormal
renal function tests, hypergammaglobulinemia, and a number
of circulating autoantibodies. Among the most significant
autoantibodies is anti-dsDNA antibody, which may be both
pathogenic and a marker of disease activity. In addition,
depressed complement levels correlate with disease activity.

Systemic Lupus and Fertility

Although studies indicate no difference in fertility rates
in women with SLE compared to the general population,
one must interpret these findings with caution.® Any active
inflammatory disorder impacts the pituitary-ovarian axis
leading to anovulation. In addition, the adverse effects
of certain medications such as cyclophosphamide may
severely compromise gonadal function. Therefore, under
these circumstances, fertility rates will be affected.

There are women with well-controlled SLE who may
require fertility treatment often in the form of ovulation
induction therapy. This treatment requires the use of high
doses of exogenous follicle stimulating hormone (FSH)
leading to a hyperestrogenic state. The hyperestrogenic-
ity may exacerbate lupus. There are several studies of
ovulation induction therapy in women with SLE.*'? For
the most part, the women have fared well although some
complications associated with disease exacerbation have
occurred, but since the studies are small, no conclusions
can be drawn. Although such therapy is not contraindicated
in women with SLE, it is advisable to initiate ovulation
induction only in those individuals whose disease is under
excellent control for an extended period such as 6 months.
In addition, the patient must be assessed for disease activity
and advisability of entering a pregnancy.

LEGATO 978-0-12-374271-1
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The Pre-Pregnancy Evaluation

Whenever possible, women with SLE contemplating preg-
nancy should be evaluated prior to conception for the sta-
tus of their disease and its activity. The clinician should
determine the patient’s clinical and laboratory profile, date
of most recent flare of the disease, and current medications.
Using a methodical approach the physician may grasp the
subtle nuances of the underlying disease permitting bet-
ter distinction of disease activity and the physiological or
pathophysiological changes associated with pregnancy.

Pregnancy in any woman with an underlying medical
problem should be managed by both an internist/subspecial-
ist and obstetrician/perinatologist. In the case of SLE, that
internist should be a rheumatologist or at the very least an
internist familiar with the management of lupus. The pre-
pregnancy evaluation should be undertaken by an internist/
rheumatologist and a recommendation made to the patient
regarding the medical management plan. It is often neces-
sary to delay a pregnancy until the disease comes under bet-
ter control or while medications are changed to those more
compatible with pregnancy. Appropriate counseling regard-
ing the potential effect of the disease on the pregnancy and
neonate, and similarly the effect of the pregnancy on the
disease should be undertaken.

The Effect of Pregnancy on SLE

There is some consistency in the response of SLE to preg-
nancy but some patients do not “behave” as expected. As
early as 1952, it was noted that some women with SLE
flare during pregnancy.’® Other studies have also noted an
increase in flares during pregnancy.'*!” The more recent
literature, however, notes that the frequency of disease
exacerbation during pregnancy and postpartum is less than
that reported earlier.'®!? In a case—control prospective study
comparing pregnant and non-pregnant women with similar
manifestations of SLE, Lockshin er al. found no increase
in fares during pregnancy.?%?! In contrast, Petri concluded
that pregnancy was associated with an increased rate of dis-
ease flares in her population with a frequency of 1.63 per
person years compared to 0.64-0.65 in a postpartum group
or in non-pregnant controls.* Ruiz-Irastorza et al. observed
findings similar to Petri with a 65% flare rate during preg-
nancy compared to 42% in the controls group.”® Recent
studies by Cortes-Hemandez et al. found that 33% of their
lupus patients flared during pregnancy, with 26% in the sec-
ond trimester and 51% post partum.?* The major predictors
of a flare were the discontinuation of antimalarial treatment,
a history of more than three flares before the pregnancy,
and a SLEDAI score (a standardized measure of lupus dis-
ease activity) =5 during these flares. In one study of 46
women with SLE who underwent 61 pregnancies, Urowitz
et al. observed no increased frequency of lupus flares, using
the SLEDAL, during pregnancy compared with controls.?
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Indeed there was a reduced chance of flare during a preg-
nancy if the patient had inactive disease for 6 months prior
to conception. Clearly there is a lack of consensus among
these studies. This may be due to dissimilar entry criteria,
differing definitions of a flare, distinct patient populations,
and differing control groups, 2223

The incidence of adverse pregnancy outcomes in
women with SLE is increased. In a retrospective analysis,
555 women with SLE had an adverse outcome apart from
manifestations of SLE compared to a group of 600000
controls.®® These outcomes included hypertension, renal
disease, preterm delivery, non-elective cesarean section,
postpartum hernorrhage, and delivery-related deep venous
thrombosis. Clark et al. noted 38.9% of women with SLE
had a preterm delivery (before 37 weeks gestation) in a
group of 72 pregnancies®’ The observation of preterm deliv-
ery was associated with disease activity and the presence of
IgG anti-cardiolipin antibody.

Renal disease may flare during a pregnancy, which may
be related to insufficient steroid dosage in treatment.?
Studies have been inconsistent in finding deterioration in
renal function associated with pregnancy.!$2628-32 Tozman
et al. noted no recurrence of renal disease in 11 of 18
patients with similar findings by Jungers et al. and Huong
et al. All noted that the best prognosis was associated with
remission of the disease at pregnancy onset. Furthermore,
they all noted a higher risk of pre-eclampsia and premature
birth than expected. In contrast, others noted an increase of
renal flare in pregnancy.3%*! These authors also conclude
that the only predictor of a favorable maternal outcome in a
pregnancy is quiescence of renal disease.

In contrast to renal disease, there is very little stud-
ied with respect to central nervous system (CNS) disease.
Suffice it to say that moderate to severely active lupus is a
high-risk situation for both mother and fetus.!

Pre-eclampsia and Active SLE

It is a major diagnostic challenge to distinguish pre-
eclampsia from a lupus flare during pregnancy. Pre-eclampsia
occurs in approximately 13% of lupus pregnancies and
can be as high as 66% in those with renal disease.?!33
Defining the clinical and laboratory profile of the patient
before pregnancy will often assist in distinguishing these
two conditions. If there are clinical features of active Tupus
and positive serology, this is likely a lupus flare. Depressed
complement levels are characteristic of active lupus whereas
elevated complement levels are seen in pregnancy and do
not change in pre-eclampsia. Although proteinuria may be
seen both in pre-eclampsia and lupus nephritis, the presence
of an active sediment is a feature of active nephritis and not
pre-eclampsia. Elevated liver function tests and uric acid
with thrombocytopenia and decreased urinary excretion of
calcium are characteristic of pre-eclampsia whereas throm-
bocytopenia alone or, if there is renal insufficiency, elevated
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serum urate can be seen in active SLE. Knowledge of your
patient and how her disease has manifested itself in the past
will assist immeasurably in correctly assessing this difficult
diagnostic situation.

Effect of SLE on Pregnancy

Adverse pregnancy outcome is more common in SLE than
in any other rheumatic disease. Appropriate pre-pregnancy
evaluation and counseling maximizes the probability of a
successful outcome for both the mother and the neonate.
Maintaining the viability of the pregnancy requires close
collaboration between the obstetrician/perinatologist and
internist/rheumatologist.

Spontaneous Abortion, Prematurity, and
Stillbirth

It has been reported in the past that the incidence of
fetal wastage in SLE pregnancies approximated 50%,
which included miscarriage, prematurity, and still-
birth. 1417222323534-36 However, a recent analysis of long-
term data indicated that the spontaneous abortion rate in
SLE has declined from 50% to less than 20% over the past
40 years (Figure 53.1).57 Among the risk factors associated
with adverse outcomes are antiphospholipid antibodies,
hypocomplementemia, and hypertension during pregnancy.?*
Although some have noted that infants born to mothers with
lupus are small for gestational age, others have not observed
this even in cases where placental size is reduced.

The increased frequency of fetal loss in SLE may be
due to several factors: (i) active lupus resulting in decidual
vasculitis which in turn compromises placental blood flow
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FIGURE 53.1 Change in rate of fetal loss in SLE pregnancies
and in the US general population over the past 40 years.?’ Data
were grouped into S-year periods (except for the first period,
1963-1965, and the last period, 2000-2003).

Redrawn from Clark, Spitzer, and Laskin, 2005, Figure I, p. 1710, by per-
mission of the Journal of Rheumatology.
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depriving the fetus; (ii) trophoblast-reactive lymphocyto-
toxic antibodies; (iii) anti-Ro/SSA or anti-La/SSB antibod-
ies with their associated compromise of the fetal cardiac
conduction system; and (iv) antiphospholipid antibodies
with resulting placental vascular thrombosis and insuffi-
ciency culminating in ischemic pregnancy loss.

Antiphospholipid Antibodies and Pregnancy

Antiphospholipid antibodies (aPL) in low to moderate titer
may be seen in 40-60% of lupus patients with active dis-
ease. The aPL family of antibodies includes IgG or IgM
anti-cardiolipin antibodies (aCL} and a non-specific in vitro
inhibitor of coagulation often referred to as the lupus anti-
coagulant (LAC). Although the mere presence of aPL in
a woman with lupus may not be associated with any par-
ticular manifestation, there may be an increased risk of
adverse pregnancy outcome in such individuals. A review
of 10 studies comprising 554 women with SLE observed
fetal loss more frequently in the presence of aPL (39-59%)
compared to those without aPL (16-20%).%8 In addition,
aPL have been associated with pre-eclampsia and placental
abruption. > Women with SLE and aPL and the associ-
ated clinical manifestations including thromboembolism
and pregnancy wastage, are classified with secondary
antiphospholipid syndrome (APS). Those with only aPL
and an associated clinical feature are classified as primary
APS since they lack any other feature of SLE.

LAC and aCL have often been used interchangeably to
indicate the presence of aPL. While there is certainly a cor-
relation between these two antibodies, they are not identi-
cal. Lockshin er al. reported that while both the LAC and
aCL were associated with fetal loss, higher levels of aCL
appear to be more predictive of fetal distress or fetal death
among pregnant women with SLE.*? However, other recent
observations by Clark er al. have shown that the LAC may
have a higher association with pregnancy loss and adverse
outcome than aCL.*> The risk of fetal loss in women with
circulating aPL has lately become controversial. Although
some studies suggest that the presence of aCL or features of
the antiphospholipid syndrome (APS) are associated with
increased risk of pregnancy loss in women with SLE, oth-
ers have not found this to be the case.’044-5! Questions have
arisen regarding the association of aPL with early vs, late
pregnancy loss; the significance of IgM and IgA isotypes of
aCL,%? and whether the presence of LAC or aCL in women
with no history of thromboembolism or adverse pregnancy
outcome, is sufficient indication for intervention.

Treatment for pregnant women with APS, whether
primary or secondary, has also become somewhat con-
troversial. Although initial studies supported the use of
prednisone and aspirin to promote live birth in a woman
with a history of pregnancy loss and aPL, a double-blind,
randomized controlled trial failed to show a benefit beyond
placebo.53* Heparin and aspirin have become the accepted
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treatment for the prevention of pregnancy loss in women
with APS, % although studies supporting the use of such
therapy prior to 2000 contrast with those performed after
that date where ASA alone was found to be at least as effi-
cacious as heparin with ASA.35-5!

The Neonate

In general, term births from women with SLE are at no
greater risk of congenital anomalies than those born to
mothers without SLE. The major exception is those babies
born to mothers possessing anti-Ro (SSA) and/or anti-La
(SSB) antibodies. Although abnormalities occur in only
1-2% of the neonates, the manifestations form collectively
the neonatal lupus syndrome. Transient serologic abnor-
malities, skin lesions, and cardiac anomalies including con-
genital heart block characterize the syndrome,>% which
results from the transplancental passage of matemal IgG
anti-Ro/La antibody and usually resolves by 8-9 months of
age. The antibody may be found in up to 25-30% of women
with SLE but may also be an isolated finding in the general
population. Once a woman with anti-Ro/La antibodies has
given birth to an infant with congenital heart block, the risk
in a subsequent pregnancy is about 15%.62

The Management of SLE during Pregnancy

Ideally, lupus should be inactive when pregnancy is con-
templated. Should the disease flare during pregnancy, treat-
ment must be instituted immediately using the safest, most
effective regimen. Prednisone has few adverse effects on
the fetus and should be used if necessary. Other drugs with
very good safety profiles in SLE include some non-steroidal
anti-inflammatory drugs (NSAIDs, naproxen, ibuprofen),
antimalarials, and azathioprine.

MonNITORING DURING PREGNANCY

Both the obstetrician and internist should concurrently
follow pregnant women with SLE. Efforts should be
coordinated to avoid duplication of laboratory tests and
inappropriate, overly liberal consultation with other medi-
cal specialties. Matemnal clinical evaluation in addition to
appropriate laboratory testing determines disease activity.
If the patient’s serology is concordant with disease activity,
then rising anti-dsDNA antibody and falling complement
levels will be the markers of a disease flare. Be aware that
complement levels in pregnancy are typically elevated s0 a
falling level should be noted, not just a low level. Validated
measures of disease activity usually restricted to research
protocols can be adapted for use in the clinic,8566

LABOR AND DELIVERY
The obstetrician should make the decision regarding the
mode of delivery. Most patients with SLE deliver vaginally.
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Corticosteroid supplementation should be administered at
labor or prior to a cesarean section in women currently or
recently using such medications. Of note, there is no ration-
ale for prophylactically increasing the dose of corticoster-
oids to prevent a postpartum flare of the disease.%®

BREASTFEEDING

The major concern in nursing the neonate is exposure to
certain medications that may enter the breast milk. The
underlying disease is not an issue in terms of the safety of
the infant, but there is some conflicting evidence suggesting
an association of disease exacerbation with hyperprolactine-
mia %% If the disease is active, caution must be exercised
due to some medications with which the mother may be
treated. Prednisone (up to 30-40mg/day), hydroxychlo-
roquine, and short acting non-steroidal agents (naproxen,
ibuprofen) are considered compatible with breastfeeding,

CONTRACEPTION

At one time combined oral contraceptives (estrogen-
containing agents) were considered to be at least relatively
contraindicated in women with SLE.®-7 This may still be
the case in those with aPL as there appears to be increased
risk in those patients of thromboembolism.” However, in
those lacking aPL the controversies have been limited to
patients with some degree of disease activity. Two recent
studies clarified this issue. Neither found any association
between combined oral contraceptive use and exacerbation
of SLE, providing the woman has stable disease.”™

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic, systemic, inflam-
matory disease targeting the joints, Its etiology is unknown
but a peculiar host response to a viral infection contin-
ues to be hypothesized.” The disease appears to have no
racial predilection and can be considered relatively com-
mon, affecting 1% of the population with a female to male
ratio of 3:1, Although RA can affect any age group, most
patients present between 20 and 60 years of age. The typi-
cal clinical picture is a symmetric, inflammatory polyarthri-
tis mainly affecting small to medium-sized synovial joints.
Early morning stiffness or gelling, and constitutional symp-
toms of fatigue and malaise, accompany active disease. The
disease is characterized by exacerbations and remissions.”®
Extra-articular manifestations attest to the systemic nature
of the disease process.

Laboratory findings include a normocytic, normochromic
anemia as well as abnormalities in a number of acute phase
reactants such as elevated platelet count and erythrocyte
sedimentation rate (ESR), and hypergammaglobulinemia.
Leukopenia is a manifestation of RA with hypersplenism,
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or Felty’s syndrome. The classic autoantibody is an IgM
anti-immunoglobulin or rheumatoid factor and is detected
in the serum of 75-80% of patients with RA. The anti-
nuclear factor (ANA) and several other autoantibodies are
often found in Felty’s syndrome. Synovial fluid is charac-
terized by an inflammatory exudate with polymorphonu-
clear cells and lymphocytes. Radiographic changes range
from soft tissue swelling to erosive destruction of the artic-
ular surfaces of joints,

RA is diagnosed based upon the clinical and laboratory
features outlined above. The ACR has revised the classifi-
cation criteria for RA emphasizing the objective finding
of synovitis for a minimum of 6 weeks, ruling out other
conditions.”>76

Effect of Hormones and Pregnancy on RA

RA is a hormone-sensitive disease. Numerous studies have
shown a relationship between the use of oral contraceptives
(OC) and RA.”™ In some studies a protective effect of the
higher estrogen containing OC was observed, particularly if
used in younger age groups.® However, the use of OC does
not affect the long-term outcome of RA should it develop.”
Prolactin levels may exacerbate RA but breastfeeding for
longer than 12 months may actually protect against devel-
opment of the disease.®! In contrast, breastfeeding for less
than 12 months before the onset of RA is associated with an
increased risk of developing RA and should it develop, the
disease may be more aggressive.®? Karlson et al, also reported
that an early age at menarche and irregular menstrual cycles
appear to be risk factors for the development of RA 8!

There are very few diseases other than RA so dramati-
cally affected by pregnancy. Remission of the disease
oceurs in almost 80% of pregnant women with RA, usu-
ally occurring in the first trimester but is also seen even into
the second and third trimesters.®># This observation was
noted in 1938 when Hench described a marked improve-
ment in rheumatoid disease in 33 of 34 pregnancies occur-
ring in 20 women with RA. Since that time, many others
have described this tendency in RA.%% In addition, there
is evidence suggesting that pregnancy may exert a protec-
tive effect against the development of RA 8788

In contrast to the remitting effects of pregnancy on RA,
most patients flare 6 weeks to 6 months post partum.®® In
addition to confirming this observation, Spector and Da
Silva noted an increased risk of developing RA during the
postpartum period.”® As mentioned above, some studies
even suggest that a postpartum flare and the new onset of
RA may be associated with breast-feeding. Barrett ef al.
found that women breastfeeding for the first time had
increased disease activity 6 months postpartum. 829 It is
hypothesized that high levels of the proinflammatory hor-
mone prolactin plays a critical role in the increased inci-
dence of postpartum flares of RA and the onset of new
disease.
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Not all patients experience the expected remission dur-
ing pregnancy. Barrett er al. found that greater than 25%
of women with RA continued to have significant disability
during pregnancy. Surprisingly, in this prospective study,
only 16% of 140 women with RA were in complete remis-
sion during pregnancy.9?

Recent studies suggest that the effects of pregnancy on
the clinical manifestations of RA may be more variable than
originally accepted. There has been little success in predict-
ing with any degree of certainty which women with RA
will go into a remission during pregnancy. Factors that may
be implicated in the varability of effect include disease
duration, functional class, and rheumatoid factor positiv-
ity but none of these has been shown to have any predic-
tive value. Although remission is expected by the end of the
first trimester, there is still a small but significant number of
women who show no improvement and indeed, require fur-
ther intervention during pregnancy to control disease.

Possible Mechanisms of Remission during
Pregnancy and Flares Post Partum

The remission-inducing effect of pregnancy on RA contin-
ues to be the subject of a great deal of creative research.
Initially it was hypothesized that the increase in blood
cortisol levels during pregnancy was responsible for the
induction of remission in pregnant women with RA 859
This theory has since been discredited because it has been
shown that there is no correlation between the change in
RA disease activity during pregnancy and plasma cortisol
concentrations.® Furthermore, plasma cortisol levels nor-
malize within 5 days post partum yet RA flares do not usu-
ally occur for another 4-6 weeks.

Non-hormonal plasma constituents may possibly play
a role in remission induction in RA during pregnancy.
Pregnancy zone proteins (PZP) have a suppressive effect on
the inflammatory activity of polymorphonuclear leukocytes.
Itis interesting that the timing of amelioration of RA during
pregnancy is associated with the rise of PZP levels. In addi-
tion, the lack of improvement in 20-25% of women with
RA during a pregnancy may be due to the inability of these
individuals to synthesize sufficient amounts of PZP.34%

The expansion of T regulatory cells with suppressor
activity and decreased B cell response in pregnancy (Th2
response) may counter the lack of suppressor activity seen
in RA (Thl response).”6%395 Therefore the amelioration of
RA in pregnancy may be a downregulation of a Th1 response
rather than an upregulation of a Th2 response.”* Alternatively,
the shift to Th2 cytokines during pregnancy may underlie the
amelioration of RA and the shift back to a Thi cytokine pro-
file is responsible for the postpartum flare %

An intriguing hypothesis has been proposed by Adams
et al.'® The hypothesis is based upon the recent observa-
tion that placental apoptotic syncytiotrophoblastic debris
is extruded into the maternal circulation constituting the
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primary event. This debris contains intracellular fetal HLA
Class II molecules. The second event is the uptake of this
debris by immature maternal dendritic cells, which then
present fetal HLA Class II peptides. The HLA molecules
also present HLA self-peptides. In pregnancy, this process
should induce immune tolerance of fetal antigens. In RA,
the simultaneous presentation of fetal and self HLA pep-
tides by tolerogenic dendritic cells during pregnancy may
be the underlying mechanism of amelioration of disease
activity. With the disappearance of the apoptotic syncytio-
trophoblastic debris postpartum, the remission can no longer
be sustained and there is a recurrence of rheumatoid disease
activity. This novel hypothesis requires further investigation.

Yan et al. from this same group of investigators found
that, in pregnancy, rheumatoid disease activity was corre-
lated with maternal serum levels of fetal DNA.!! As the
fetal DNA levels increased throughout pregnancy, the dis-
ease was either markedly improved or remained in rernis-
sion. Post partum, as fetal DNA levels decreased, disease
activity returned.

Effect of RA on Pregnancy

Investigations regarding the effect of RA on pregnancy,
as opposed to pregnancy on RA, are less well established,
Indeed, there is little adverse disease effect on pregnancy
with most issues being related to specific medications.
Kaplan and Diamond noted that RA appears to have no
significant impact on the patient’s ability to have a normal
pregnancy, delivery, and infant.!? Nelson et al. found no
increase in infertility in patients with RA, although there
was diminished fecundability (the probability of conceiving
within one menstrual cycle). 1% In a prospective case~control
study this group also observed no increase in adverse preg-
nancy outcomes in women who later developed RA.!%
Notwithstanding these observations, women with an active
inflammatory systemic disease often have menstrual irregu-
larities with interruption of the pituitary—ovarian axis. This
might lead to anovulation with subsequent subfertility.
Upon establishing disease control these endocrine abnor-
malities reverse, with normalization of the menstrual cycle
accompanied by ovulation and return of fertility.

Management of RA during Pregnancy

The therapeutic objective in both the pregnant and non-
pregnant RA patient is to control inflammation, leading to
reduction of pain, restoration of function, and prevention of
deformity and damage. This is accomplished using a com-
bination of drug therapy, patient education, physiotherapy,
and occupational therapy.

Ideally the patient should defer pregnancy until she is well
controlled on a treatment regimen deemed safe in pregnancy.
A pre-pregnancy consultation will assist in this assessment
allowing the woman to initiate a pregnancy electively with
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a safe management plan in place. In RA, the major issues
when contemplating pregnancy are mostly related to medi-
cations. Non-steroidal agents can be used in pregnancy with
certain caveats (see below). Naproxen and ibuprofen have
a good safety profile in pregnancy. Corticosteroids are not
contraindicated but pre-pregnancy counseling for the patient
is necessary regarding a moderately increased risk of orofa-
cial cleft in the fetus.'% Antimalarial agents such as hydrox-
ychloroquine have become widely accepted in the treatment
of the pregnant woman with RA.!%-1! Sylfasalazine can
usually be continued during pregnancy with little if any risk
to the mother and fetus.'11%13 1t is worthwhile noting that
males on sulfasalazine often manifest oligospermia, revers-
ible upon discontinuation of the drug, Immunosuppressive
agents such as azathioprine have shown a good safety track
record in pregnancy whereas methotrexate should be discon-
tinued 3 months prior to conception.’” Even in males, it is
recommended that methotrexate be discontinued 3 months
prior to conception.'!3 The question regarding tumor necro-
sis factor alpha (TNF-c) inhibitors has become very con-
troversial recently'!* and at present, the use of such agents
including etanercept and infliximab must be viewed as rela-
tively contraindicated during a pregnancy.

Because most women with RA experience remission or
at least a significant improvement in disease activity dur-
ing pregnancy, medications can often be discontinued. For
those with active disease during pregnancy, treatment must
be directed at controlling inflammation while balancing the
risk to the fetus with the benefits to the mother's health. In
those women with active disease during pregnancy, the use
of prednisone to control moderate to severe disease activity
may be unavoidable.

Postpartum flare requires aggressive and timely treatment.
If the mother is nursing, the drugs of choice for disease con-
trol are naproxen, ibuprofen, and prednisone. Antimalarials
and sulfasalazine are also deemed safe for breastfeeding. The
safety of TNF-a inhibitors for nursing mothers has not been
established. A review of currently available data suggests that
etanercept should be avoided during pregnancy and breast-
feeding.!'% One case report found clinically significant lev-
els of infliximab in a 6-week-old, breastfed newborn. As the
investigators were unable to demonstrate infliximab in the
breast milk, they concluded that its presence was the result
of transplacental transfer and cautioned against maternal use
during pregnancy as both short- and long-term effects on the
infant as the result of exposure in utero are unknown, '

General therapeutic measures such as appropriate bed-
rest, physiotherapy, occupational therapy, and nutrition
remain as mainstays in the treatment of active RA.

Issues Surrounding Labor and Delivery

Although there are few issues surrounding labor and deliv-
ery in women with RA, the usual issues with respect to sur-
gery remain, particularly if rheumatoid disease involves the
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cervical spine with atlanto-axial subluxation and its attend-
ant anesthetic risks. Recent population-based studies noted
an increase risk of cesarean section, prematurity, and longer
hospitalizations at birth among infants born to mothers with
RA. These problems may actually be due to disease mani-
festations or maternal drug therapy.'''*® There is a grow-
ing trend, especially in European hospitals, to establish
practice guidelines with respect to the management of preg-
nant women with RA.!1°

Family Planning

Although there is no evidence indicating that RA adversely
affects fertility or the ability to carry a pregnancy, coun-
seling regarding medication safety during pregnancy
remains the most significant issue when planning a preg-
nancy in a couple with RA. There are adverse effects on
fertility among anti-inflammatory agents and certain immu-
nosuppressants in both men and women.'®® Pregnancy itself
is not harmful to the potential mother with RA or her infant
but she must be cognizant of the emotional and physical
stress associated in caring for a newborn.

SERONEGATIVE
SPONDYLOARTHROPATHIES

This group of diseases is distinguished from RA by the
absence of rheumatoid factor, or seronegativity. Among the
diseases included in this category are ankylosing spondylitis
(AS), reactive arthritis (formerly Reiter’s syndrome), psori-
atic arthritis (PsA), and arthritis associated with inflarama-
tory bowel disease or enteropathic arthritis.!?! The common
articular features of this group of disorders are sacroiliitis,
spondylitis, seronegative polyarthritis, and dactylitis. It is
intriguing to note the strong familial aggregation of these
disorders both within each entity and among all the enti-
ties in the group. The finding of a strong association with
HLA B27 supports the interrelationship of these diseases.

The diagnosis of a seronegative arthropathy is based upon
clinical features including both articular and extra-articular,
and the radiologic findings of sacroiliitis and spondylitis.
Other than a negative rheurmatoid factor, the laboratory find-
ings are not very helpful: the ESR is usually normal. HLA
typing may be helpful in dealing with a diagnostic challenge.

Other than PsA, seronegative disorders are more com-
mon in men than women, which distinguishes them from
most other rheumatic diseases. The diagnosis of AS in a
woman is often missed due to the milder nature of the dis-
ease process compared to that seen in men.'2?

Spondyloarthropathies and Pregnancy

There are few studies on the interaction of seronegative dis-
eases and pregnancy. In his report of 14 patients with AS,
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Hart concluded there was no change in the progress of the
disease and childbirth had little or no effect on its course,!??
Others have observed that pregnancy has no ameliorating
effect on AS and there is no adverse effect of the disease on
the pregnancy.'?* The course of AS is independent of preg-
nancy, with each running a separate course. Flares during
pregnancy occur but are likely the natural history of the dis-
ease rather than a relationship to pregnancy. In contrast, the
majority of pregnant patients with PsA show an improve-
ment in both skin and joint disease!?52¢ and like RA, remis-
sion during pregnancy in PsA is relatively common (up to
70% of patients), and there is frequently a postpartum flare.
Treatment of AS as well as other seronegative dis-
eases may involve the use of non-steroidal agents such as
naproxen or ibuprofen. These agents can be used in preg-
nancy safely until week 32 when they must be discontin-
uved. Corticosteroids may also be used and can be continued
throughout pregnancy. Physical therapy is particularly helpful
in treating sacroiliitis and spondylitis. In the pregnant woman,
postural and breathing exercises may be especially important,

SCLERODERMA (PROGRESSIVE
SYSTEMIC SCLEROSIS)

Progressive systemic sclerosis (PSS) is a relatively uncom-
mon disease characterized by fibrosis and a vasculopathy in
skin, joints, and internal organs.'*!?" The incidence of the
disease is only 2-12 cases per million population annually,
with a global distribution. Women are affected 34 times
more than men, with most patients presenting between 30
and 50 years of age. The main pathologic lesion is vascular
with a concentric proliferation of the intima and fibrosis of
the adventitia of small arteries and arterioles.!??

The most common clinical feature of PSS is Raynaud's
phenomenon, which may predate other features by years.
Skin and joint involvement is common as is dysphagia due
to esophageal dysmotility. Renal involvement is the leading
cause of death in PSS, typically manifested as the sudden
onset of malignant hypertension. Poor prognostic signs in
this disease include the presence of renal disease and pul-
monary hypertension, 28

Laboratory features of PSS are anemia due to chronic
illness, microangiopathic hemolysis in cases of rapidly
progressive renal failure, an elevated ESR, hypergamma-
globulinemia, and a positive ANA. The diagnosis of PSS,
however, is based on clinical features.'?

Effect of Scleroderma on Pregnancy

There are few reports on scleroderma and pregnancy prob-
ably because it is such a rare disease, and it usually presents
in postmenopausal women. Although there was some con-
cern regarding an increase in infertility in women with PSS,
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Steen and Medsger were unable to confirm this when com-
pared to controls.’>32 An increased incidence of spon-
taneous abortions in women with PSS was observed in a
case-control study, which incloded healthy controls.!®
Fourteen percent of pregnancies resulted in fetal demise
usually in the first trimester and in women destined to
develop PSS.!¥ In addition, patients with PSS have higher
rates of perinatal death and a greater frequency of small for
gestational age neonates compared with a general popula-
tion. However, even in women with severe PSS, successful
pregnancies can occur if the complications of the disease
are adequately treated in a timely fashion.!34135

Effect of Pregnancy on Scleroderma

Early literature reported patients with diffuse PSS having an
exacerbation of their disease during pregnancy to the point
of maternal death.'?6!37 However, in a later study using a
questionnaire, authors reported that maternal complications
were no more frequent than patients with RA or in normal
controls.” A prospective study of 67 pregnancies demon-
strated that in 61% symptoms remained stable, 20% of preg-
nancies improved, and the remainder noted worsening,'®

If PSS progresses rapidly with cardiac or renal involve-
ment, the effect of pregnancy may aggravate matters sig-
nificantly.’>™1*! Esophagitis is often exacerbated by PSS.
Raynaud’s phenomenon on the other hand usually improves
during pregnancy due the peripheral vasodilation character-
istic of pregnancy.'?®

Many patients do well during pregnancy, but for some,
disease exacerbation may be precipitated by pregnancy.
Pregnant women with PSS must be monitored closely by
the internist/rheumatologist and obstetrician, with particular
attention paid to blood pressure and renal function.

Treatment of Scleroderma

There is no specific treatment for scleroderma. Treatment
modalities are directed towards suppression of the microvas-
cular abnormalities and the process underlying the progres-
sive fibrosis characteristic of this condition.'?> To date, there
are no pharmacologic or biologic agents that have demon-
strated significant efficacy to warrant their recommendation
in this condition. Management of scleroderma must be sup-
portive and attempt to be preventative of disease progression
whether the patient is pregnant or not. Supportive measures
may include patient education, avoidance of exposure to
cold and compliance with a physiotherapy program to pre-
serve hand function and thereby minimize contractures.
Skin treatment in pregnancy is aimed at symptomatic
relief of pruritis and the prevention of digital ulcers due to
Raynaud’s phenomenon, The usual treatment of Raynaud’s
phenomenon with calcium channel blocking agents such
as nifedipine can also be used in pregnancy. In most preg-
nant women with Raynaud’s phenomenon, the problem is
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usually ameliorated by the generalized vasodilatation asso-
ciated with pregnancy.

Systemic treatment of organ involvement is often nec-
essary with medications selected to be safe in pregnancy.
Antihypertensive agents such as alpha-methyldopa and cal-
cium channel antagonists such as nifedipine are considered
compatible with pregnancy and may be used to treat hyper-
tension. If renal failure is present, dialysis may be required.
In the case of severe cardiac, pulmonary or renal disease, ter-
mination of the pregnancy is recommended. Should myosi-
tis occur, corticosteroids are useful. Esophageal dysmotility
leading to gastric reflux is common in scleroderma. It is a
common problem in general in pregnancy and may be quite
disabling when the woman also has scleroderma. Treatment
with antacids, H2-blocking agents, and metoclopramide
are often effective and may be used in pregnancy. The most
effective therapy is proton pump inhibition. A multicenter
prospective controlled study concluded that proton pump
inhibitors do not represent a major teratogenic risk,'*? but
the recommendation is still to use such agents only when
the potential benefits outweigh the risks (US Food and
Drug Administration, FDA, Category C-‘Risk cannot be
ruled out”, Table 53.2). The Teratogen Information System,
TERIS, concludes that the doses required during pregnancy
would be unlikely to pose a risk to the fetus,

Pre-delivery anesthesia consultation may be beneficial
owing to the special challenges inherent in scleroderma.
Certain physical limitations may be present due to con-
tractures of the skin, hips, and extremities. Ideally, during
delivery the environment should be kept warm, including
the provision of intravenous fluids. The patient should wear
thermal socks and the application of warm compresses
should be used to minimize problems of Raynaud’s phe-
nomenon, which can occur during labor and delivery.'?®
Postpartum management involves monitoring the patient’s
blood pressure, which may be a harbinger of a renal crisis.

A pregnant woman with scleroderma usually experi-
ences a good outcome medically and obstetrically. Owing
to the rarity of this condition and the dearth of published
literature concerning pregnancy in scleroderma, it is still
not clear whether there is a higher frequency of pregnancy
loss or adverse pregnancy outcome,'3013%143 However, the
adverse outcomes described in earlier literature do not seem
to be as frequent today. Nonetheless, owing to the medical
issues as well as the possibility of prematurity and small for

TABLE 53.2 FDA classification of drugs in pregnancy
Class

Controlled studies show no risk
No evidence of risk in humans
Risk cannot be ruled out
Positive evidence of risk
Contraindicated in pregnancy

KU w»
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gestational age neonate, women with scleroderma should
attend a high-risk pregnancy unit and be managed by a peri-
natologist. Pre-pregnancy evaluation and planning as well
as close medical and obstetrical monitoring to enable early
and aggressive therapeutic intervention should promote a
higher probability of a successful pregnancy outcome for
both mother and neonate.

PHARMACOLOGIC TREATMENT
OF RHEUMATIC DISEASE AND
REPRODUCTION

The assessment of any pregnant patient with rheumatic disease
or those contemplating pregnancy must include consideration
of current medications and, in some cases, previous exposure
to specific pharmacologic agents. Although most drugs may
be safe while the man and woman are attempting to conceive,
some must be discontinued during pregnancy and yet others
require discontinuation some time prior to conception.

Non-steroidal Anti-inflammatory Drugs
(NSAIDs)

NSAIDs are commonly used in the treatment of the arthri-
tis manifested in many rheumatic diseases. Many are now
available over the counter, making it of paramount impor-
tance that the obstetrician and internist be aware of all
medications consumed by the patient whether prescribed or
self-administered.

Most NSAIDs are safe to use for couples attempting to
conceive. However, for women, some agents can inhibit
follicular rupture, preventing the release of the oocyte
and thereby contributing to subfertility."**!%5 This is not a
common phenomenon, occurring in about 10% of women
taking such agents (personal observations). In addition,
NSAIDs may inhibit the motility of the fallopian tubes
and by extension, the passage of the oocyte down the
tubes. 46147 Although these issues might arise with the use
of any NSAID due to the inhibition of cyclooxygenase, the
most widely studied agent is indomethacin. 484

During pregnancy, naproxen and ibuprofen are the two
most commonly used NSAIDs. Indeed, there is too little in
the literature regarding any other drug in this class other than
indomethacin to have any knowledge regarding their safety
profiles. When considering naproxen and ibuprofen in preg-
nancy, the fetal risk category is B but is reclassified as C when
used in high doses. Peripartum there is concern with respect
to the neonate regarding intracranial hemorrhage, premature
closure of the ductus arteriosus, and impaired renal function
leading to a decrease in amniotic fluid volume. The patient
should be informed that NSAIDs will start being tapered by
week 25 and completely discontinued by week 32 at the lat-
est (6-8 weeks prior to the expected date of delivery).
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A population-based study in Denmark indicated that
there might be some association with the use of NSAIDs
and early pregnancy loss.!*® However, the study fails to
indicate the reason for the use of the drugs or if there was
an underlying disorder that might predispose to pregnancy
loss. It is interesting to note that in women with RA, in
whom the use of NSAIDs would be quite extensive, there
does not appear to be any increased incidence of pregnancy
loss. Clearly, further studies need to be undertaken to sup-
port or refute the Danish observation.

Aspirin (ASA) has become a commonly used drug in
pregnancy.'?! Despite a continuing lack of consensus, it has
been variously recommended as a pre-treatment for ovula-
tion induction, for the promotion of implantation in in vitro
fertilization cycles, and for the prevention of pregnancy
loss.!¥*"15% It has been shown to provide moderate but con-
sistent reductions in the relative risk of pre-eclampsia and
preterm delivery.'S> ASA appears to be a safe agent to use
in pregnancy with the exception of a reported increased
incidence of gastroschisis in the offspring of women taking
ASA in the first trimester.'*%157 Regardless of the very low
frequency of this side effect (1/1000 compared to 1/10000
in the general population), patients should still be coun-
seled regarding the potential association prior to initiating
ASA therapy during pregnancy. ASA is also capable of pro-
longing labor and may cause an increase in antepartum and
postpartum bleeding. It is actually for the latter reasons that
it has an FDA classification of C/D when used in the third
trimester. To avoid the issues surrounding labor and deliv-
ery, discontinuation of ASA 4 weeks prior to the expected
date of delivery should be implemented.

The American Academy of Pediatrics (AAP) considers
ASA, naproxen, and ibuprofen compatible with breastfeed-
ing but as always, the lowest effective dose should be used.

Anticoagulants

The patient with APS and previous thrombosis should receive
anticoagulation treatment throughout their pregnancy and dur-
ing the postpartum period.'® As discussed earlier, data sup-
porting the use of heparin treatment in women with pregnancy
loss and APL with no history of thrombosis are inconclusive
and evidence-based standards of care both during the peripar-
tum and postpartum periods are lacking.!*® Once the decision
to use heparin has been made, low-molecular weight heparin
(LMWH) is perceived to be more desirable than unfraction-
ated heparin (UFH), despite a Cochrane Review recommend-
ing the use of unfractionated heparin'® as LMWH carries
less of a risk of osteoporosis and thrombocytopenia and can
be administered once daily (161). Two small studies compar-
ing UFH and LMWH did not show differences in efficacy but
larger prospective data are needed.!$215® LMWH treatment
over the duration of a pregnancy can be associated with oste-
openia and therefore calcium and vitamin D supplementation
should be recommended during pregnancy.'163
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Antimalarial Agents

Antimalarials are used extensively in both RA and SLE.
The major side effect is retinal toxicity, which requires oph-
thalmologic monitoring every 6~12 months. The favored
antimalarial is hydroxychloroquine (FDA Category C),
which appears to have a lower incidence of retinal toxicity.

Numerous studies have attested to the safety of antima-
larials in pregnancy.'%0166.167 A]] of the investigators have
commented that the risk of a flare of disease far outweighs
any risk of fetal toxicity. In a follow-up study of the chil-
dren born to mothers on hydroxychloroquine during preg-
nancy, Klinger er al. found no evidence of retinal toxicity,
prompting these authors to conclude that there appears to
be little or no risk of ocular toxicity in children exposed to
hydroxychloroquine in utero.!®® This observation has been
confirmed by Motta er al.'s

The AAP has categorized hydroxychloroquine to be safe
in the nursing mother.

Corticosteroids

Corticosteroids are commonly used in the treatment of most
rheumatic diseases and are associated with a rapid or rela-
tively rapid therapeutic response. In RA most patients achieve
a response using low doses of prednisone (5-10mg/day).
In SLE, prednisone doses are usually higher, with minor
organ disease requiring 10-40mg/day and major organ man-
ifestations treated with 40-80mg/day. In all cases, the low-
est effective dose of prednisone should be used.

The use of prednisone in pregnancy is associated with
few adverse side effects on the fetus. Maternal side effects
are dose-related. The commonest side effects are hyperten-
sion and gestational diabetes mellitus. In a double-blind,
randomized controlled trial, Laskin et al. observed an inci-
dence of gestational diabetes mellitus of 15% and hyperten-
sion 13% in the prednisone-treated group compared to 5%
in the placebo group for either condition.>* The cushingoid
side effects and osteopenia occur similarly to that seen in
the non-pregnant state.

Fetal side effects are few and uncommon. Orofacial
clefting in the offspring of mothers treated with corticoster-
oids during the first trimester has been reported.!%%'70 The
results in these studies have been supported by the findings
in a recent meta-analysis where the prevalence of orofacial
clefting in prednisone-exposed infants was 1/400 compared
to 1/800 in the general population.’”! In spite of the low
risk of this potential side effect, any pregnant woman on
corticosteroids should be counseled appropriately.

Premature birth has been described in pregnant women
treated with corticosteroids. In a randomized trial referred to
above, Laskin et al. found premature births before 37 weeks
gestation in 62% of the prednisone-treated group compared
10 11% in the placebo group.’ The neonates were all appro-
priate size for gestational age. Prednisone is classified as D
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when used in the first trimester. The physician must weight
potential risks versus benefits when prescribing these agents.

The AAP considers prednisone to be compatible with
breastfeeding. There appears to be minimal exposure with
maternal doses at 30-40 mg/day.

Sulfasalazine

Sulfasalazine (SSZ) is used with reasonable success in RA,
spondyloarthropathies, and inflammatory bowel disease.
The drug appears to be safe in pregnancy with most of the
evidence gathered from its use in Crohn’s disease.'”>175
Although there are no reported issues with respect to female
fertility, males treated with SSZ are often found to have low
sperm counts and motility. The oligoasthenaspermia is revers-
ible but requires at least 2 months avoidance of SSA.}72176

Owing to a report of bloody diarrhea in an infant breast-
fed by a woman on SSA, the AAP recommends caution
when nursing on SSA. 177178

Azathioprine

Azathioprine (AZA) is used in many rheumatic diseases for its
immunosuppressive properties and as a steroid-sparing agent,
Among all immunosuppressive agents, AZA appears to be
the safest in pregnancy. The placenta reportedly forms a rela-
tive barrier to AZA and its metabolites.'” In a recent study
of 189 women exposed to AZA compared to 230 controls
not exposed to any teratogens during pregnancy, outcomes
associated with AZA included increased rates of spontaneous
abortions, intrauterine growth restriction (IUGR), and prema-
turity,'® but no increase in the occurrence of major malfor-
mations. However, as larger studies are required to confirm
these results, AZA continues to be a Class D drug,

With few data available regarding the safety of AZA
in breastfeeding, the AAP has recommended that mothers
avoiding nursing while being treated with this agent.

Methotrexate

Methotrexate (MTX), a drug used with good success in RA,
is a folic acid antagonist. Use in pregnancy has been associ-
ated with spontaneous abortions due to embryotoxicity. The
drug has definite association with numerous fetal anomalies
as well as IUGR."®!-183 MTX is not to be used in pregnancy
and has an FDA Category X rating.

Owing to MTX binding to tissues, it is recommended
that it be discontinued at least 3 months prior to conception.
A similar recommendation applies to men taking MTX but
evidence is lacking to support such a recommendation. '8
However, until the situation is clarified, it is recommended
that both men and women avoid pregnancy for at least 3
months after discontinuing MTX!81-183

MTX is only excreted in breast milk to a very small
degree. However, it binds to neonatal tissues and therefore
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accumulates leading to toxicity.'®® The AAP categorizes
MTX as contraindicated in nursing mothers.

Cyclophosphamide

Cyclophosphamide (CTX) is a cytotoxic, alkylating agent
used in the treatment of severe major organ involvement in
SLE and specific vasculitides. It has been categorized as a
Class D drug by the FDA. CTX is embryotoxic and asso-
ciated with many anomalies upon exposure in the first tri-
mester. However, it does not appear to be associated with
abnormalities if used in the second and third trimesters.
Regardless, the drug should not be used in pregnancy unless
there is a life-threatening problem and even then restricted
to use late in the pregnancy. CTX is contraindicated in the
nursing mother owing to the risk of neutropenia, immuno-
suppression, growth disturbances, and potential carcinogen-
esis in the neonate, '73.174.183

Cyclosporine

Cyclosporine A (CSA, FDA Classification C) is used to
treat certain manifestations of SLE renal disease. Most of
the literature surrounding the use of CSA in pregnancy
deals with renal transplantation. There appears to be lit-
tle evidence that CSA crosses the placenta to any signifi-
cance’®~18 and current data indicate that it is probably safe
in pregnancy with no specific anomalies described.!$7-18
Adverse pregnancy outcomes such as prematurity and
TUGR likely have more to do with the underlying disease
process than treatment with CSA.!%0

CSA is excreted in breast milk and is associated with
immunosuppression, neutropenia, and growth disturbances
in the neonate. The AAP categorizes CSA as contraindi-
cated in the nursing mother,

Mycophenolate

Mycophenolate mofetil (MMF) is a purine biosynthesis
inhibitor. Its use in pregnancy is accompanied by several
congenital anomalies and spontaneous abortions,'8%191-193
These findings have been noted not only in animal studies
but also in humans. In addition, a possible characteristic
phenotype has been described.'® Although MMF does not
appear to impact male fertility, paternal exposure may be
associated with congenital anomalies.!”! Recommendations
in women regarding discontinuation of MMF prior to
conception vary from 3 to 12 weeks. It would appear that
avoidance of this drug by females at least 6 weeks prior to
conceiving may be the most appropriate whereas for males,
the recommendation is 12 weeks’ avoidance. This is an
FDA Class D drug and should be avoided in pregnancy.

Since MMEF is excreted into breast milk, it should not be
administered to nursing mothers.
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Leflunomide

Leflunomide, a pyrimidine synthesis inhibitor, is used in
the treatment of RA. The active metabolite has a half-life
of 2 weeks. Owing to teratogenicity and embryotoxicity in
animals when administered in human-equivalent doses, the
drug is FDA Class X and is contraindicated in pregnancy. If
pregnancy is contemplated, there is an elimination or wash-
out protocol that should be undertaken by both men and
women exposed to the drug. It may take up to 2 years after
the last dosing before reaching undetectable levels. The
elimination protocol is likely ineffective should the woman
already be pregnant. It is therefore recommended that under
such circumstances, the woman should be advised to termi-
nate the pregnancy.

Evidence regarding the transfer of leflunomide into
breast milk is insufficient, and until conclusive results are
obtained, breastfeeding is therefore not recommended.'?

TNF-o. Antagonists

The two most commonly used ant-TNF-o agents are
etanercept and infliximab, both of which are FDA Category
B drugs and both of which are used in the treatment of RA,
with infliximab being used most frequently in spondyloar-
thropathies. At present the data reported in the literature
are very controversial,'$™1919 While a review of 131
women directly exposed to infliximab during pregnancy
found no increase in proportion of live births, miscarriages,
or therapeutic terminations compared to the US general
population,’®® a case report documented a possible causal
relationship between maternal use of etanercept during
pregnancy and the VATER or VACTERL complex of con-
genital anomalies (vertebral anomalies; anal atresia; cardiac
defect; tracheoesophageal fistula; renal abnormalities; and
limb abnormalities) occurring in the neonates.'®® Further
studies into this association must be undertaken before a
clear recommendation regarding the use of anti-TNF-o
agents in pregnancy can be offered. At present, the com-
mon recommendation is to discontinue the agents once the
woman is pregnant. Only in those cases where the mother’s
health is in jeopardy might anti-TNF-o agents be consid-
ered, However, all patients must be counseled regarding the
potential fetal toxicity of these agents and the fact that very
little is known about their use in pregnancy and lactation.

Other biologics such as rituximab, adalimumab, anak-
inra and abatacept, fall into a similar category as etanercept
and infliximab except even less is known about their effects
in pregnancy,2%:20!

There is insufficient information regarding these agents in
the nursing mother, although one group of investigators, una-
ble to demonstrate infliximab in the breast milk, concluded
that its presence in a 6-week-old neonate was due to trans-
placental transfer. The maternal use of TNF-o antagonists
should continue to be restricted until the short- and long-term
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effects on the infant resulting from exposure in utero and in
breast milk have been more completely elucidated.!!¢

CONCLUSION

Management of pregnancy in women with rheumatic dis-
ease requires the physician to have a detailed knowledge
of the patient’s disease history, including her typical clini-
cal manifestations, laboratory markers, and flare indicators.
Ideally, a pregnancy should be planned with the patient to
ensure conception occurs during a period of clinical quies-
cence after appropriate withdrawal of any fetotoxic agents.
With improvements in disease management and perinatal
monitoring, in addition to collaboration between rheuma-
tologists and perinatologists, there is now a good prognosis
for both mother and fetus for the majority of women with
rheumatic disease.
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Clark, et al, reply
To the Editor:

We read with interest Dr. Carp's comments regarding the HepASA trial.
The gquestions he raises about our inclusion criteria and conclusions are
those that have surrounded therapeutic trials for recurrent pregnancy loss
(RPL) with or without antiphospholipid antibodies (aPL) for decades.

Dr. Carp suggests that stratification for this patient population should
include age and number of previous losses. The issue of evaluating and
treating women with a history of 2 versus 3 losses continues to be debated,
and evidence supporting both contentions is available and used by investi-
gators according to their convictions. As noted, we and others have
observed that causes of RPL are similar in women with 2 or 3 losses!?,
Brigham, ef al, in a longitudinal study of 325 patients with idiopathic RPL,
found that women with a history of 2 versus 3 previous losses had the same
chances of success in a sibsequent pregnancy (76% vs 79%)°. Intuitively,
therefore, if, in the absence of an identifiable etiology, there is no differ-
ence in subsequent pregnancy outcome and if there is no difference in the
distribution of known etiologies of loss between women with 2 versus 3
losses, it is acceptable to include both groups without stratifying by num-
ber of Josses. Indeed, our analysis supported this inference, as we found no
difference in ontcome when comparing women with 2 versus 3 previous
losses*. As Dr. Carp noted, and as supported by Brigham's large prospec-
tive study®, maternal age has a profound influence on future pregnancy
success, and appears to be the most significant factor in predicting subse-
quent pregnancy outcome in women with RPL. Age was not a discriminat-
ing factor in our trial, as there was no significant difference between the 2
treatment groups (33.8 vs 34.6 yrs). The issues of number of losses and age
have already been thoroughly addressed with regard to this population. Our
trial design incorporated 2 of the strata that have not yet been adequately
investigated with regard to the treatment efficacy of heparin and aspirin
(ASA) for RPL: the effect of aPL positivity and a history of early versus
late Josses.

Regarding the inclusion of women positive for antinuclear antibodies
(ANA) as well as aPL in our trial, we discussed the controversial status of
the decision in our report. However, as we stratified the 2 treatment groups
on the presence of aPL positivity, we were able to analyze the (apparently)
more interesting aPL subgroups without interference from the inclusion of
ANA-positive women, We reiterate that investigating a broader spectrum
of autoantibodies than just aPL for women with RPL in the absence of con-
nective tissue disease may be important, as it is emerging that in patients
with primary antiphospholipid syndrome (APS), there may be an inflam-
matory component to the RPL with an etiology that remains to be
elucidated’,

Dr. Carp mentions 3 reports that have evaluated heparin and ASA ver-
sus ASA alone, and cites them as a “more closely defined group of women
with antiphospholipid syndrome and 3 or more miscarriages.”

- Unfortunately, this is not the case. Kutteh, et al® specifically excluded
women with the lupus anticoagulant (a classification criterion for APS) and
studies by both Rai, ef al’ and Farquharson, ef a8 included women with
such low levels of anticardiolipin antibodies (IgG > 5 and IgM > 37; and
1gG > 9 and IgM > 58) that they would not have fulfilled classification cri-
teria for APS regardless of the number of miscarriages. As discussed in our
report, Rai and Kutteh’s studies, both completed and published more than
10 years ago, have the lowest birthrates in their ASA-only treatment groups
in the literature, and they are the only studies that found a significant dif-

ference in pregnancy outcome with the addition of heparin. Because they
were the earliest trials reported for this population, the results became the
basis for clinical decision-making that has not assimilated new data pub-
lished over the intervening decade. Subsequent trials that have reported
much higher success rates in their ASA-only treatment arms and detected
no significant improvement in pregnancy outcome with anticoagulant ther-
apy have been largely disregarded or misconstrued. For example, in his Jet-
ter, Dr. Carp cites Farquharson, er al’s repori® as evidence supporting the
continued use of heparin and ASA despite their conclusion to the contrary
~ that no benefit was conferred by the addition of heparin to ASA
treatment.

Regardless of treatment regimen, number of prior losses, history of
early versus late losses, or aPL positivity, almost 80% of our patients had a
live birth. While we clearly conceded the weaknesses in our trial, we stand
by our contention that for women with RPL, aPL, and no history of throm-
bosis, there is insufficient evidence for recommendations for thrombopro-
phylaxis in pregnancy. Unfortunately, this treatment has become
entrenched and continues as an example of eminence- rather than cvi-
dence-based medicine.
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Pregnancy and Reproductive Concerns
in Systemic Lupus Erythematosus

Carl A. Laskin, Karen A. Spitzer, Christine A. Clark

INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystem,
autoimmune disease predominantly affecting women in
their child-bearing years, with a female-to-male ratio of
9:1. It is therefore not surprising that those physiological
states associated with hyperestrogenicity or other
changes in sex hormone levels may affect disease status.
The hormonal changes associated with pregnancy may
indeed have a profound influence on lupus disease
activity {1, 2]. Management of pregnant women with
SLE presents a challenge to all attending physicians
whether rheumatologists, general internists, medical
subspecialists, or obstetricians. A coordinated manage-
ment plan is essential for attending to both the medical
and obstetrical needs of the patient. Ideally a woman
with lupus should be evaluated prior to a pregnancy to
ensure that there is no medical contraindication. On too
many occasions, a patient may first present in a medical
office pregnant either with active disease or on unsafe
medications. Critical decisions must be made at these
times that may be difficult emotionally and ethically.

Inaddition to pregnancy, other issues that are relevant
to the woman with SLE include contraception and the
investigation and management of infertility. This chapter
will concentrate on pregnancy issues but will also
address these broader issues concerning reproduction.

PHYSIOLOGICAL CHANGES
RELEVANT TO WOMEN WITH
UNDERLYING SLE

Pregnancy is accompanied by major physiological
changes, which may adversely affect the woman with
underlying SLE. In addition, such changes will affect
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numerous clinical and lab parameters complicating the
assessment of disease activity in the pregnant woman
with SLE. Among those systemic changes relevant to
the woman with SLE are: cardiovascular with potential
cardiac, renal, and hypertensive complications; hemato-
logic including changes in blood volume and control
mechanisms of coagulation such as changes in platelet
counts, clotting factor levels, and regulatory proteins;
immunologic including the regulation of both humoral
and cellular immunity, complement kinetics, and the
development of immune complexes; and hormonal
with changing levels of estrogen, progesterone, prolac-
tin, and protein-hormone binding globulins {3].

Cardiovascular

Associated with pregnancy are dramatic changes in
maternal hemodynamics due to increases in blood
volume, heart rate, stroke volume, and a decrease in
systemic vascular resistance [3, 4]. Cardiac output
increases by 30—50% with a 20% increase in heart rate
and a 5- to 10-mmHg decrease in mean arterial pressure
in pregnancy. The lupus patient with underlying
cardiac, renal, or other vascular complications of the
disease may be at risk of further major organ deteriora-
tion during pregnancy.

Hematologic

The hematologic changes that occur normally in preg-
nancy compound the changes in the cardiovascular
system. Plasma volume increases 30—50% beyond that
seen in the nonpregnant state with the red cell mass
increasing 20—40% [5, 6, 7]. Again, such changes may
not bode well for the lupus patient with cardiovascular
or renal compromise. Other alterations include an

Copyright © 2011 by Elsevier Inc. All rights reserved.
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increase in white blood cell count and a mild decrease in
platelet count [8, 9]. Although the WBC increases during
pregnancy, the absolute lymphocyte count does not
change. In contrast, changes in platelet counts may mani-
fest as asymptomatic thrombocytopenia in the third
trimester in many normal pregnancies. These changes
observed in the CBC may confound the assessment of
disease activity in the pregnant woman with SLE.

It is well appreciated that pregnancy is a prothrom-
botic state due to increases in the levels of several clotting
factors (factors 11, VII, VI, X, and von Willebrand); a
decrease in the levels or activity of naturally occurring
anticoagulants such as Protein S as well as an increase
in activated Protein C resistance; and an increase in the
activity of fibrinolytic inhibitors [10—14]. Owing to these
changes in pregnancy, there may be an increased theoret-
ical risk of thrombotic events in those with antiphospho-
lipid antibodies. Supporting data regarding such an
increased risk is still lacking.

Immunologic

During pregnancy, alterations in immune function
occur affecting lymphocyte function, humoral immu-
nity, and the inflammatory response. Awareness of these
changes is of paramount importance in the assessment
of a patient with known SLE. Human pregnancy is asso-
ciated with an increase in immune suppressor activity,
leading to a decrease in humoral B cell function. In lupus
there is dysregulation of the immune response, leading
to an impairment of suppressor activity, resulting in
polyclonal B cell activation.

Pregnancy-specific proteins such as o-fetoprotein,
Bi-glycoprotein, ay-macroglobulin, and others suppress
lymphocyte function, as do increases in endogenous
corticosteroids. Although their roles are not completely
understood, interleukins-1 and -3 (IL-1, IL-3), tumor
necrosis factor « (TNF-o), interferon-y (IFN-vy), granulo-
cyte—macrophage colony-stimulating factor (GM-CSF),
and other cytokines may be critical in sustaining preg-
nancy [15]. This is relevant in that the production or
metabolism of some cytokines is thought to be abnormal
in rheumatic illness.

Therefore, the superimposition of pregnancy on the
immunoregulatory abnormalities present in a woman
with lupus will alter the immune environment. The
interaction of these two altered immune states must be
appreciated in order to account for changes in disease
activity.

Hormonal

Estrogen, progesterone, prolactin, and other
hormone levels rise in pregnancy [16]. Estrogens upre-
gulate and androgens downregulate T-cell responses
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and immunoglobulin synthesis [17]. I1L-1, IL-2, IL-6,
and TNF-o. can be regulated by sex hormones. Since
circulating and local levels of cytokines may be
abnormal in SLE, it is likely that these hormonally
induced alterations in immune function may affect
disease activity in the pregnant woman with SLE.

THE IMMUNOLOGY OF
IMPLANTATION, PREGNANCY, AND
LABOR AND DELIVERY

The fundamental theory of the establishment of preg-
nancy has been the Th-1/Th-2 paradigm [1]. Helper
T-cell clones can be divided into two phenotypes that
secrete a distinct cytokine pattern [18]. During preg-
nancy, there is an overall suppression of Th-1-mediated
cellular immunity and an enhancement of Th-2-mediated
humoral immunity. The maintenance of pregnancy
requires the downregulation of the pro-inflammatory
Th-1 cytokines (TNF-a, IFN-y, and IL-2) and the upregu-
lation of anti<inflammatory Th-2 cytokines (IL-4, IL-6,
and 1L-10). During embryo implantation, uterine epithe-
lial cells surrounding the blastocyst undergo apoptosis.
These apoptotic cells are then taken up by macrophages
found in excess at the implantation site. The uptake of
the apoptotic cells into the macrophages promotes the
secretion of Th-2 cytokines and suppresses the release
of Th-1 cytokines including TNF-uo. from the macro-
phages. The Th-2-rich anti-inflammatory environment
surrounds and protects the developing embryo. There-
fore, pregnancy appears to be a Th-2 phenomenon.
Recent data, however, suggest that this paradigm may
be overly simplistic. Although TNF-o and IFN-y have
been implicated in failed implantation or early preg-
nancy loss, it now appears that small quantities of these
cytokines may be necessary for the successful implant-
ation of the embryo. Moreover, it may be that Th-1
activity both accompanies and predominates over Th-
2-mediated events during the early implantation period,
and premature and term labor. Th-1 activity plays an
important role in the promotion of the Th-2 response,
regulation of the placentation process, defense against
infections, and initiation of delivery. The new paradigm
should more properly be thought of as “Th-1—Th-2 coop-
eration” rather than a Th-2-dominant phenomenon.

THE PLACENTA

The placenta is often the target organ culminating in
adverse pregnancy outcome in women with SLE.
Abnormalities in placentation, uteroplacental vascular
insufficiency, and placental infarction may be the under-
lying cause of intrauterine growth restriction (IUGR),
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preeclampsia, and preterm delivery often described as
complicating factors in lupus pregnancies [19, 20].
Therefore, an understanding of normal placental physi-
ology and morphology is necessary to appreciate the
pathological changes that may occur in the placenta
during pregnancy.

The placenta brings maternal and fetal blood in close
relationship. The placenta is partly of fetal origin (the
trophoblast) and partly of maternal origin (transforma-
tion of the uterine mucosa). The fetal trophoblast
ensures implantation. It is composed of two layers: the
inner cellular layer (cytotrophoblast) and the exterior
syncytial layer (syncytiotrophoblast). The placenta is
well defined by the 3*¢ month. At term it weighs 500 g
and is 20 cm in diameter. The human placenta is villous,
hemochorial, and choriocallantoic, meaning that the
placental villi are bathed directly in maternal blood
and are traversed by vessels coming from the allantoic
circulation of the fetus. While maintenance of pregnancy
prior to implantation is assured by both ovarian and
pituitary hormones, after implantation the placenta
assumes an important role in hormone production: cho-
rionic gonadotrophins are discernible several days after
nidation, peak at the 60" day, and then fall to low levels
until completion of pregnancy [21].

MANAGEMENT OF PREGNANT
WOMEN WITH SLE

General Principles

In any woman with an underlying medical problem,
pregnancy should be planned in advance to minimize
the risks to mother and fetus, thereby maximizing the
probabilities of a successful outcome. A prepregnancy
medical and obstetrical evaluation represents the ideal
management plan. In the case of rheumatic diseases,
specifically SLE, a rheumatologist should assess the
patient when a pregnancy is being considered. The
objective of the assessment is to note the manifestations
of the underlying disease, the past history of exacerba-
tions and past and current medications. With this
approach, the attending physician will then be able to
document: (1) the clinical profile; (2) the laboratory
profile; (3) the frequency and pattern of the most recent
disease flare; and (4) the current medications.

¢ Clinical profile. This profile is constructed from the
history and physical examination. In addition, the
past history is utilized to record how the disease
initially presented and the usual manifestations of
a flare.

* Laboratory profile. The laboratory tests that best
reflect the patient’s disease status are used as
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indicators of disease activity during a pregnancy. The
profile is constructed from the current laboratory tests
and any relevant serology; as well as noting which
laboratory variables are associated with disease
activity.

* Most recent disease flare. It is important to determine
and document the most recent exacerbation of the
disease as well as the severity. The timing of
a pregnancy will determine the safety of such an
undertaking. Appropriate counseling of the patient
can then be undertaken. This information should be
incorporated into the patient’s clinical profile.

¢ Medications. A detailed history of current
medications is essential to provide appropriate
counseling to the patient regarding the timing of
a pregnancy. Many antirheumatic drugs are unsafe in
pregnancy, and because many are also long-acting,
they may have to be discontinued months prior to
conception.

The Prepregnancy Evaluation

Women with underlying SLE should consider
a planned pregnancy to ensure their safety as well as
the best outcome for themselves and their newborn.
Whenever possible, women with SLE contemplating
pregnancy should be evaluated prior to conception to
determine disease status and activity. The clinician
should determine the patient’s clinical and laboratory
profile, date of most recent flare of the disease, and
current medications. Using a methodical approach, the
physician may grasp the subtle nuances of the under-
lying disease, permitting better distinction of disease
activity and the physiological or pathophysiological
changes associated with pregnancy.

Pregnancy in any woman with an underlying medical
problem should be managed by both an internist/
subspecialist and obstetrician/perinatologist. In the
case of SLE, that internist should be a rheumatologist
or at the very least an internist familiar with the manage-
ment of lupus. The prepregnancy evaluation should
form the basis of a recommendation to the patient
regarding the medical management plan. Appropriate
counseling regarding the potential effect of the disease
on the pregnancy and neonate, and similarly the effect
of the pregnancy on the disease should be provided.

The prepregnancy evaluation must include a detailed
history, noting presenting and usual manifestations of
the disease, which will assist in distinguishing a disease
flare from other pregnancy-related complications. The
timing of the most recent flare as well as documenting
a frequency of flare pattern will indicate the safety of
undertaking a pregnancy at a particular time. The
current medications as well as a recent medication
history are essential as many drugs used to treat SLE
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are relatively or absolutely contraindicated in pregnancy
and some require a specific washout period of time prior
to conception. The physical examination must be docu-
mented, especially any abnormalities to ensure an accu-
rate baseline clinical evaluation prior to pregnancy.
Laboratory investigations should include baseline
CBC, liver function tests, renal function, and serology.
A baseline urine evaluation is essential and should
include not only a dipstick with microscopic evaluation
of the sediment but a protein/creatinine ratio on a spot
sample or 24-h collection. A recommendation and plan
should be discussed with the patient and relayed to all
physicians involved in the management. Even if the
opinion is not to undertake pregnancy at this time, the
physician should present to the patient the reasons for
the negative recommendation as well as the goals that
need to be achieved before a favorable recommendation
can be given. Booking a reassessment visit may prevent
the occurrence of an unplanned pregnancy by a woman
who simply decides to proceed despite the risks.

Once the decision has been made to proceed with
a pregnancy, the management plan should be discussed
with the patient. This will involve presenting the risks of
potential problems, proper use of medications and their
safety, frequency of visits and monitoring specifics, as
well as a recommendation for obstetrical management.
For individuals with complicated but stable disease,
who will undertake a pregnancy in the near future, a pre-
pregnancy obstetrical assessment should be considered.
The ideal obstetrician is a perinatologist familiar with
lupus in pregnancy. The perinatologist should be
informed of the medical management plan and the
obstetrical and medical prenatal assessments should be
coordinated to minimize the inconvenience to the
patient and maximize the lines of communication
among all involved.

Prenatal Assessments

The first prenatal visit will include a complete history,
physical exam, and laboratory assessment, which will be
compared to that obtained at the prepregnancy evalua-
tion. This will serve as the baseline for future assess-
ments during the pregnancy, noting any clinical or lab
evidence consistent with disease activity. The frequency
of visits should be at minimum once per trimester in
those cases of full remission with minor organ disease.
In those women with a history of major organ disease
or any evidence of active lupus, the frequency should
be at least once monthly or coincide with obstetrical
visits. Where the patient shows any medical instability,
visits will be more frequent or the patient may require
hospital admission. Regular, frequent medical assess-
ments are the norm to minimize the probability of an
unexpected disease exacerbation.
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The Effect of Pregnancy on SLE

In all pregnant women with an underlying medical
problem, the physician must view the situation as the
effect of the pregnancy on the disease and the effect of
the disease on the pregnancy. The former scenario is
more medical, whereas the latter scenario is related to
things obstetrical. This is the exact situation in SLE
and all physicians involved in patient management
must be cognizant of this “two-way street.”

There is some consistency in the response of SLE to
pregnancy, but some patients do not “behave” as
expected. As early as 1952, it was noted that some
women with SLE flare during pregnancy [22]. Other
studies have also noted an increase in flares during preg-
nancy [23-26]. The more recent literature, however,
notes that the frequency of disease exacerbation during
pregnancy and postpartum is less than that reported
earlier [27, 28]. In a case—control prospective study
comparing pregnant and nonpregnant women with
similar manifestations of SLE, Lockshin et al. found no
increase in flares during pregnancy [29, 30]. In contrast,
Petri concluded that pregnancy was associated with an
increased rate of disease flares in her population with
a frequency of 1.63 per person years compared to
0.64-0.65 in a postpartum group or in nonpregnant
controls [31]. Ruiz-Irastorza et al. observed findings
similar to Petri with a 65% flare rate during pregnancy
compared to 42% in the control group [32]. Recent
studies by Cortes-Hernandez et al. found that 33% of
their lupus patients flared during pregnancy, with 26%
in the second trimester and 51% postpartum [33]. The
major predictors of a flare were the discontinuation of
antimalarial treatment, a history of more than three
flares before the pregnancy, and a SLEDAI (Systemic
Lupus Erythematosus Disease Activity Index) score of
5 or more during these flares. In one study of 46 women
with SLE who underwent 61 pregnancies, Urowitz et al.
observed no increased frequency of lupus flares, using
the SLEDAI, during pregnancy compared with controls
[34]. Indeed there was a reduced chance of flare during
a pregnancy if the patient had inactive disease for
6 months prior to conception. Clearly there is a lack of
consensus among these studies. This may be due to
dissimilar entry criteria, differing definitions of a flare,
distinct patient populations, and differing control
groups [31, 32]. Despite the lack of consensus regarding
the relationship between SLE flare and pregnancy, it is
clear that many patients do well during pregnancy
and that vigilance for flare on the part of the treating
physician is always necessary. Modifications have been
suggested for measuring SLE flare during pregnancy
using the SELENA SLEDAI (SLEPDAI systemic lupus
erythematosus pregnancy disease activity index), the
LAI (LAIL-P, lupus activity index pregnancy), or the
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SLAM-R (m-SLAM, modified systemic lupus activity
measure) and have been tested [35, 36].

The incidence of adverse pregnancy outcomes in
women with SLE is increased. In a retrospective anal-
ysis, 555 women with SLE had an adverse outcome apart
from manifestations of SLE compared to a group of
600,000 controls [37]. These outcomes included hyper-
tension, renal disease, preterm delivery, nonelective
cesarean section, postpartum hemorrhage, and deliver-
y-related deep venous thrombosis. Clark et al. noted
38.9% of women with SLE had a preterm delivery
(before 37 weeks gestation) in a group of 72 pregnancies
[38]. The observation of preterm delivery was associated
with disease activity and the presence of IgG anticardio-
lipin antibody.

Renal Disease

Renal function may decline during pregnancy in
those with renal disease, but it is determined, not
surprisingly, by the severity of the underlying renal
dysfunction. A permanent decline will occur in up to
10% of women with glomerular filtration rates initially
normal or mildly reduced (serum creatinine less than
132 pumol/1). Patients with hypertension are much
more likely to have progressive disease regardless of
pregnancy status [39—42]. In those with moderate renal
insufficiency (serum creatinine, 132—255 umol/l), the
serum creatinine declines over the first half of preg-
nancy similar to that in those without renal disease,
but then may increase significantly higher and above
that observed at the onset of pregnancy [43, 44]. This
decline in renal function may be irreversible, especially
in those with hypertension [45].

Any renal disease, including lupus glomerulone-
phritis, predisposes patients to preeclampsia. There is
some disagreement whether patients with renal SLE
do less well than those with other forms of glomerulone-
phritis. In general, those with preserved renal function
and minimal hypertension do well. Even those with
severe renal disease often have surprisingly good preg-
nancy outcomes. Normal urinary protein in pregnancy
may be as high as 500 mg/day. Modest increases in
urinary protein (particularly in patients with fixed
proteinuria), accompanied by proportional increases in
glomerular filtration in mid- to late pregnancy and not
accompanied by other signs of active lupus, likely do
not indicate lupus nephritis and need not be treated.
Our experience leads us to expect an increase in protein-
uria after 20 weeks in almost all patients who have had
any renal involvement. The increase in proteinuria is
related to the normal increase in plasma volume seen
in pregnancy, which appears to overwhelm the filtering
capacity of the previously damaged glomeruli. In
patients with marked increases in urinary protein,
with or without hypertension, it may be impossible to
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distinguish between preeclampsia and active lupus
nephritis, and may therefore be necessary to treat if
delivery is not likely in the immediate future. Isolated
hypocomplementemia may suggest increased vigilance
but by itself does not warrant intervention.

Renal disease may flare during a pregnancy, which
may respond to treating with corticosteroids or in-
creasing the dosage of administered steroids [32]. Studies
have been inconsistent in finding deterioration in renal
function associated with pregnancy [27, 37, 46—50].
Tozman et al. noted no recurrence of renal disease in 11
of 18 patients with similar findings by Jungers et al.
and Huong et al. All noted that the best prognosis was
associated with remission of the disease at pregnancy
onset. Furthermore, they all noted a higher risk of
preeclampsia and premature birth than expected. In
contrast, others noted an increase of renal flare in preg-
nancy [48, 49]. These authors and others also conclude
that the only predictor of a favorable maternal outcome
in a pregnancy is quiescence of renal disease [34].

Renal Disease and Preeclampsia

Preeclampsia is a syndrome occurring after 20 weeks
gestation. The first manifestations are hypertension and
proteinuria, but other clinical features may include
headache, visual disturbances, epigastric pain, thrombo-
cytopenia, and abnormalities in liver function tests
[51]. The underlying pathogenesis is a microangiopathy
affecting the brain, liver, kidney, and placenta [52].
The condition often precipitates preterm delivery owing
to fetal compromise characterized by IUGR due
to placental insufficiency. The inciting event actually
occurs early in pregnancy with abnormalities in the
development of the placental vasculature leading to
underperfusion. The hypoperfusion then leads to the
production of antiangiogenic factors, which upon
release into the maternal circulation, adversely affect
endothelial cell function, resulting in the manifestations
noted above.

Preeclampsia is not uncommon in lupus pregnancies
occurring in approximately 13% of such patients [53]. In
those with underlying renal disease, the risk of devel-
oping preeclampsia may be much higher with a reported
frequency that may be as high as 66% [54]. Superim-
posed on the increased risk associated with SLE and
renal disease is an even greater risk in those patients
with antiphospholipid antibodies (aPL), diabetes melli-
tus, or preeclampsia having occurred in a prior preg-
nancy [55].

A major diagnostic challenge to the clinician is to
distinguish preeclampsia from a lupus flare during
a pregnancy. Defining the clinical and laboratory profile
of the patient before pregnancy will often assist in distin-
guishing these two conditions. If there are clinical
features of active lupus and positive serology, this is
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likely a lupus flare. Depressed complement levels are
characteristic of active lupus, whereas elevated comple-
ment levels are seen in pregnancy and usually do not
change in preeclampsia. Although proteinuria may be
seen both in preeclampsia and lupus nephritis, the pres-
ence of active sediment is a feature of active nephritis
and not preeclampsia. Thus, a simple microscopic eval-
uation of the urine may be extremely informative,
although it is acknowledged that Class V membranous
glomerulonephritis can be associated with a totally
benign sediment. Elevated liver function tests and uric
acid with thrombocytopenia and decreased urinary
excretion of calcium are characteristic of preeclampsia,
whereas thrombocytopenia alone or, if there is renal
insufficiency, elevated serum urate can be seen in active
SLE. Knowledge of your patient and how her disease
has manifested itself in the past will assist immeasur-
ably in correctly assessing this difficult diagnostic

situation.

Hematologic Disease
THROMBOCYTOPENIA

Thrombaocytopenia is common during a pregnancy,
especially in women with underlying SLE. There are
a number of causes of thrombocytopenia, which may
be unrelated to the underlying autoimmune disease.
As is the case in any pregnant woman with a low platelet
count, a methodical approach to the differential diag-
nosis must be undertaken lest the clinician erroneously
attribute the thrombocytopenia to active lupus. Manage-
ment should be directed to the underlying cause
without simply assuming lupus to be the culprit. Platelet
counts in normal pregnancies may be toward the lower
limit of normal but in general, they remain within the

normal range throughout pregnancy [56—59].

Before concluding that thrombocytopenia is indeed
present, be certain that the finding is not merely
a spurious lab resuit due to EDTA-induced platelet
aggregation. Once ruled out, the differential diagnosis
should be undertaken in the pregnant woman with
underlying SLE with consideration of the following

possibilities:

1. Gestational thrombocytopenia is typically observed
late in gestation with counts 70—100 x 10°/1. The
condition is benign without fetal/neonatal
thrombocytopenia, and resolves after delivery
[60—62]. Should this occur in a woman with SLE,
close follow-up is necessary to ensure the platelet
count stabilizes at a safe level and is not
a manifestation of active lupus.

2. Thrombocytopenia occurring after 25 weeks is most
often due to preeclampsia. Platelet counts are lower
in preeclampsia than that seen in gestational
thrombocytopenia, with an incidence of 15% in
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women who develop preeclampsia. Preeclampsia
tends to worsen as pregnancy progresses, is
associated with worsening fetal health, and remits
after delivery, although not always immediately. It is
not associated with other signs or symptoms of
active SLE. Biochemical and clinical manifestations
of preeclampsia or the HELLP syndrome (hemolysis,
elevated liver enzymes, low platelet count) may be
present. Treatment directed at early delivery is
usually indicated. Since preeclampsia occurs with
greater frequency in women with SLE, the clinician
can expect thrombocytopenia more often in the
pregnant woman with SLE. Distinction between
preeclampsia and a lupus flare may be problematic
but it is an important distinction to make
nonetheless. The clinical and lab assessment as
discussed above is necessary to help clarify the
diagnosis.

Thrombocytopenia associated with an
antiphospholipid antibody can occur at any time but
is often seen early, usually before 15 weeks. The
platelet count will reach a nadir greater than 50 x
10°/1 and remain constant throughout most of
pregnancy. The condition typically remits after
delivery, whether or not treatment is administered,
and tends to recur with subsequent pregnancies. It is
unaccompanied by signs of SLE activity in other
organ systems; fragmented erythrocytes and
increased lactic dehydrogenase (LDH) do not occur.
Aspirin may reverse the thrombocytopenia [63].
Severe thrombocytopenia (often <10 x 10%/1) similar
to that seen in idiopathic thrombocytopenic purpura
may occur in lupus pregnancies but is more likely in
those women with a history of thrombocytopenia as
a major manifestation of SLE. When it occurs, it is
often without other manifestations of active SLE and
may occur at any time during the pregnancy. It will
usually respond to high doses of prednisone and may
require continuation of these higher doses.
Intravenous gamma globulin can also be used as

a temporizing measure, particularly to avoid
splenectomy. The condition usually resolves
postpartum but tends to recur in subsequent
pregnancies. It is noteworthy that there is a 5-10%
risk of neonatal thrombocytopenia (an example of
passively acquired autoimmunity) in those born to
mothers having had episodes of platelet counts below
50 x 10°/L during the pregnancy with a greater risk if
the mother has had a splenectomy [64—66]. Aspirin is
contraindicated in those women with this type of
thrombocytopenia.

. In those women with other manifestations of SLE,

thrombocytopenia may occur, usually in the
moderate range of 50—120 x 10°/1. These counts are
characterized by persistence over time and
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responsiveness to prednisone. The low platelet count
will be observed in those women where this is

a known manifestation of lupus outside of the
pregnant state.

No specific test clearly differentiates one type of
thrombocytopenia from another in pregnant patients
with SLE. Unfortunately, tests for platelet-associated
immunoglobulin or for antiplatelet antibodies seldom
help differentiate among the types of thrombocytopenia.

ANEMIA

Anemia is a common complication of SLE. The
anemia “of chronic disease” is the most frequent attrib-
uted cause. A true autoimmune hemolytic anemia is
uncommon, but does occur, with the risk being higher
in those in whom there is a history of this being a mani-
festation of lupus [67]. SLE-induced anemia amplifies
the normal dilutional anemia of pregnancy and, if
severe, may indicate intervention using corticosteroids
or blood transfusion.

Cutaneous Disease

Normal pregnancy erythema, particularly of the face
and hands, resembles that seen in active SLE. Skin areas
where there has been prior lupus eruption frequently
become more erythematous as cutaneous blood flow
increases in pregnancy. With experience, distinguishing
between active SLE cutaneous disease and pregnancy-
induced change is not difficult.

Arthritis

Joints previously affected by lupus arthritis often
become painful and may even develop noninflamma-
tory effusions during pregnancy, particularly late in
gestation as ligamentous laxity occurs. The decision
that a given complaint is due to active SLE rather than
to physiologic changes of pregnancy depends on the
demonstration that the arthritis is inflammatory. If
extra-articular manifestations of active SLE are present,
it is likely that the articular effusion represents active
disease. If warranted, arthrocentesis may be informative
with regard to leukocyte count and culture since there is
no contraindication to this procedure during pregnancy.

Neurologic SLE

Neurologic events during the course of pregnancy are
rare. There are isolated reports but no cogent evidence
that SLE neurologic events, including chorea and trans-
verse myelitis, are induced or exacerbated by pregnancy
[68—70]. There are also occasional reports of SLE
patients suffering stroke postpartum, usually in the
setting of coexisting antiphospholipid antibodies.

One of the more difficult diagnostic decisions
concerns the occurrence of seizures late in pregnancy,
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when hypertension and renal failure are also present.
The circumstances in which the events occur, the pres-
ence of other clinical and serologic evidence of active
SLE, and response to therapy may all be required to
make the distinction between active neurologic lupus
and eclampsia. Treatment for both may be indicated.

The Effect of SLE on Pregnancy

Adverse pregnancy outcome is more common in SLE
than in any other rheumatic disease. Appropriate pre-
pregnancy evaluation and counseling will maximize
the probability of a successful outcome for both the
mother and the neonate. Maintaining the viability of
the pregnancy requires close collaboration between
the obstetrician/perinatologist and the internist/
rheumatologist.

The incidence of fetal wastage in SLE pregnancies has
been reported in the past to be as high as 50%, including
spontaneous abortion (miscarriage), prematurity, and
stillbirth [23, 26, 3134, 71—73]. A more recent analysis
of long-term data over the past 40 years noted a decline
in the spontaneous abortion rate from 50% to less than
20% [74]. Those risk factors associated with adverse
outcomes included antiphospholipid antibodies, hypo-
complementemia, and hypertension during pregnancy
[33]. In addition, persistent, significant proteinuria
(>0.5 g/day) would also likely contribute to adverse
pregnancy and maternal outcomes. Although some
studies report that infants born to mothers with SLE
are small for gestational age, this has not been a consis-
tent observation, even in cases where placental size is
reduced.

The increased frequency of fetal loss in SLE may be
due to several factors: (1) active lupus resulting in
decidual vasculitis, which in turn compromises
placental blood flow depriving the fetus; (2) tropho-
blast-reactive lymphocytotoxic antibodies; (3) anti-Ro/
SSA or anti-La/SSB antibodies with their associated
compromise of the fetal cardiac conduction system;
and (4) antiphospholipid antibodies with resulting
placental vascular thrombosis and insufficiency culmi-
nating in ischemic pregnancy loss.

Antiphospholipid Antibodies and Pregnancy

Antiphospholipid antibodies (aPL) in low to
moderate titer may be seen in 40—60% of lupus patients
with active disease. The aPL family of antibodies
includes IgG or IgM anticardiolipin antibodies (aCL)
and a nonspecific in vitro inhibitor of coagulation often
referred to as the lupus anticoagulant (LAC). Although
the mere presence of aPL in a woman with lupus may
not be associated with any particular manifestation,
there may be an increased risk of adverse pregnancy
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outcome in such individuals. A review of ten studies
comprising 554 women with SLE observed fetal loss
more frequently in the presence of aPL (39—59%)
compared to those without aPL (16—20%) [75]. In addi-
tion, aPL have been associated with preeclampsia and
placental abruption [76~79]. Women with SLE and
aPL and the associated clinical manifestations including
thromboembolism and pregnancy wastage, are classi-
fied as secondary antiphospholipid syndrome (APS).
Those with only aPL and an associated clinical feature
are classified as primary APS since they lack any other
feature of SLE.

LAC and aCL have often been used interchangeably
to indicate the presence of antiphospholipid antibodies.
While there is certainly a correlation between these two
antibodies, they are not identical. Lockshin et al.
reported that while both the LAC and aCL were associ-
ated with fetal loss, higher levels of aCL appear to be
more predictive of fetal distress or fetal death among
pregnant women with SLE [79]. However, other recent
observations by Clark ef al. and Salmon ef al. have shown
that the LAC may have a higher association with preg-
nancy loss and adverse outcome than aCL [80, 81]. The
risk of fetal loss in women with circulating aPL has
lately become controversial. Although some studies
suggest that the presence of aCL or features of the anti-
phospholipid syndrome (APS) are associated with
increased risk of pregnancy loss in women with SLE,
others have not found this to be the case [73, 82—89].
Questions have arisen regarding the association of aPL
with early vs. late pregnancy loss; the significance of
IgM and IgA isotypes of aCL. [90], and whether the pres-
ence of LAC or aCL in women with no history of throm-
boembolism or adverse pregnancy outcome is sufficient
indication for intervention.

Treatment of pregnant women with APS, whether
primary or secondary, has also become somewhat
controversial. Although initial studies supported the
use of prednisone and aspirin to promote live birth in
a woman with a history of pregnancy loss and aPL,
a double-blind, randomized controlled trial failed to
show a benefit beyond placebo [91, 92]. Heparin (both
unfractionated and more recently, low molecular
weight) and aspirin have become the accepted treat-
ment for the prevention of pregnancy loss in women
with APS [93-98], although studies supporting the
use of such therapy prior to 2000 contrast with those
conducted after that date where ASA alone was found
to be at least as efficacious as heparin with ASA
[99—100].

Fetal and Neonatal Considerations

In general, term births from women with SLE are at
no greater risk of congenital anomalies than those born
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to mothers without SLE. The major exception is those
babies born to mothers possessing anti-Ro (SSA) and/
or anti-La (SSB) antibodies. Although abnormalities
occur in only 1—2% of the neonates [101, 102], the mani-
festations form collectively the neonatal lupus
syndrome. Transient abnormalities include skin lesions,
liver disease, and cytopenias. Each generally cleared by
6—8 months of life, coincident with the clearance of the
maternal antibodies. However, cardiac anomalies
including conduction defects and more rarely myocar-
dial involvement are permanent, with the latter often
fatal. The antibody may be found in up to 25—40% of
women with SLE but may also be an isolated finding
in the general population. Once a woman with anti-
Ro/La antibodies has given birth to an infant with
congenital heart block, the risk in a subsequent preg-
nancy is about 17% [103]

Maternal IgG-mediated thrombocytopenia may be
transmitted to the fetus, but most infants born of throm-
bocytopenic mothers with SLE have normal platelet
counts. Occasionally the IgG Coombs hemolytic anti-
body may be transmitted to and cause hemolysis in
the fetus and newborn. The anti-dsDNA antibody, also
transmitted to the infant, has no apparent pathologic
effect. Recent studies on a subset of anti-dsDNA anti-
bodies, anti-NR2, which cross-react with neuronal
tissue, destroy such tissue by excitotoxicity and
apoptosis [104, 105]. These maternal antibodies may
cross the placenta and result in cognitive dysfunction
in the offspring of mothers with the autoantibody.
Although the antiphospholipid antibody is associated
with placental insufficiency, intrauterine growth restric-
tion, and fetal death, it does not usually cause abnormal-
ities in the infant.

Summary of the Management of SLE During
Pregnancy

Ideally, lupus should be inactive or under excellent
control on minimal therapy for at least 6 months prior
to pregnancy. Should the disease flare during pregnancy,
treatment must be instituted immediately using the
safest, most effective regimen. Prednisone (being non-
fluorinated and thereby limiting its ability to cross the
placenta owing to inactivation by placental 11-beta
dehydrogenase) has few adverse effects on the fetus
and should be used if necessary. Other drugs with
very good safety profiles in SLE include some nonste-
roidal anti-inflammatory drugs (naproxen, ibuprofen),
antimalarials, and azathioprine. Indications for the treat-
ment of the pregnant patient with lupus do not differ
from that when considering treatment in the nonpreg-
nant woman. Clinical disease flares should be treated
with the same dose of corticosteroids regardless of preg-
nancy status.
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Monitoring

Both the obstetrician and internist should concur-
rently follow pregnant women with SLE. Efforts should
be coordinated to avoid duplication of laboratory tests
and inappropriate, overly liberal consultation with other
medical specialties. Maternal clinical evaluation in addi-
tion to appropriate laboratory testing will determine
disease activity. If the patient’s serology is concordant
with disease activity, then rising anti-dsDNA antibody
and falling complement levels will be the markers of
a disease flare. Be aware that complement levels in preg-
nancy are typically elevated, so a falling level should be
noted, not just a low level. Validated measures of disease
activity usually restricted to research protocols can be
adapted for use in the clinic setting [106, 107]. Echocar-
diograms for fetuses of anti-Ro antibody-positive
mothers should be initiated between 16 and 18 weeks
with frequencies determined by the managing physi-
cians but often are recommended once weekly [101].

Labor and Delivery

The obstetrician should make the decision regarding
the mode of delivery. Most patients with SLE will deliver
vaginally. Corticosteroid supplementation should be
administered at labor or prior to a cesarean section in
women currently or recently using such medications. Of
note, there is no rationale for prophylactically increasing
the dose of corticosteroids to prevent a postpartum flare
of the disease [106].

Postpartum

Some women may flare postpartum, but it is usually
those who had active disease at conception with
continued activity throughout the pregnancy [108].
There is no indication for the routine use of adding or
increasing corticosteroids just prior to delivery as
a means of preventing an exacerbation of disease. The
risk of a postpartum flare of lupus is approximately
20%, but the vast majority of patients remain as they
were during the pregnancy. However, it is recommen-
ded that all patients be assessed shortly after delivery
(4—6 weeks postpartum) and reassessed periodically
over the following 3 months. Treatment of those women
with active lupus postpartum is the same as in the case
of nonpregnant women with SLE. However, if treatment
is required and the woman is breast-feeding, it may be
necessary for her to discontinue depending upon medi-
cations necessary to manage the disease.

Breast-Feeding

The major concern in nursing the neonate is exposure
to certain medications that may enter the breast milk.
The underlying disease per se is not an issue in terms
of the safety of the infant. If the disease is active, caution
must be exercised due to some medications with which
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the mother may be treated. Prednisone (up to 30—40
mg/day), hydroxychloroquine, and short-acting nonste-
roidal agents (naproxen, ibuprofen) are considered
compatible with breast-feeding.

PHARMACOLOGIC TREATMENT OF
SLE IN PREGNANCY

The assessment of any pregnant patient with rheu-
matic disease or those contemplating pregnancy must
include consideration of current medications and, in
some cases, previous exposure to specific pharmacologic
agents. Although most drugs may be safe while the
couple is attempting to conceive, some must be discon-
tinued during pregnancy and yet others require discon-
tinuation some time prior to conception. Under ideal
conditions, medications should be discontinued prior
to pregnancy but not at the expense of the patient’s
well-being. An understanding of the woman’s medical
condition including disease status and any compro-
mised organ function such as renal insufficiency must
be taken into consideration when deciding upon the
use of specific therapeutic agents. Moreover, the physi-
cian must have extensive knowledge of specific drugs
or have knowledge of the resources available to obtain
such information when recommending implementation
or discontinuation of specific drugs.

This section will address those agents commonly
used in the treatment of SLE and its various manifesta-
tions. As evidence accumulates, recommendations
regarding the safe use of particular drugs in pregnancy
will change. Therefore, it is incumbent upon the clini-
cian to be current with respect to the safe use of any of
these agents in pregnancy.

Nonsteroidal Anti-inflammatory Drugs

(NSAIDs)

NSAIDs are commonly used in the treatment of the
arthritis manifested in many rheumatic diseases. Many
are now available over the counter, making it of para-
mount importance that the obstetrician and internist
be aware of all medications consumed by the patient
whether prescribed or self-administered.

Most NSAID:s are safe to use for couples attempting
to conceive. However, for women, some agents can
inhibit follicular rupture, preventing the release of the
oocyte and thereby contributing to subfertility [109,
110]. This is not a common phenomenon, occurring in
about 10% of women taking such agents (personal
observations). In addition, NSAIDs may inhibit the
motility of the fallopian tubes and by extension, the
passage of the oocyte down the tubes [111, 112].
Although these issues might arise with the use of any
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NSAID due to the inhibition of cyclooxygenase, the most
widely studied agent is indomethacin [113, 114].

During pregnancy, naproxen and ibuprofen are the
two most commonly used NSAIDs. Indeed, there is
too little in the literature regarding any other drug in
this class other than the contraindicated indomethacin
to have any knowledge regarding their safety profiles.
When considering naproxen and ibuprofen in preg-
nancy, the fetal risk category is B but is reclassified as
C when used in high doses. Peripartum there is concern
with respect to the neonate regarding intracranial
hemorrhage, premature closure of the ductus arteriosus,
and impaired renal function leading to a decrease in
amniotic fluid volume. The patient should be informed
that NSAIDs will start being tapered by week 25 and
completely discontinued by week 32 at the latest (6—8
weeks prior to the expected date of delivery).

A recent population-based study in Denmark indi-
cated that there might be some association with the
use of NSAIDs and early pregnancy loss [115]. However,
the study fails to indicate the reason for the use of the
drugs or if there was an underlying disorder that might
predispose to pregnancy loss. It is interesting to note
that in women with rheumatoid arthritis, in whom the
use of NSAIDs would be quite extensive, there does
not appear to be any increased incidence of pregnancy
loss. Clearly, further studies need to be undertaken to
support or refute the Danish observation.

Aspirin (ASA) has become a commonly used drug in
pregnancy [116]. Despite a continuing lack of consensus,
ithas been variously recommended as a pretreatment for
ovulation induction, for the promotion of implantation
in in vitro fertilization cycles, and for the prevention of
pregnancy loss [117—119]. It has been shown to provide
moderate but consistent reductions in the relative risk of
preeclampsia and preterm delivery [120]. ASA appears
to be a safe agent to use in pregnancy with the exception
of areported questionable increased incidence of gastro-
schisis in the offspring of women taking ASA in the first
trimester [121, 122]. Regardless of the very low
frequency of this side effect (1/3000 compared to
1/10,000 in the general population), patients should still
be counseled regarding the potential association prior to
initiating ASA therapy during pregnancy. ASA is also
capable of prolonging labor and may cause an increase
in antepartum and postpartum bleeding. It is actually
for the latter reasons that it has an FDA classification
of C/D when used in the third trimester. To avoid the
issues surrounding labor and delivery, discontinuation
of ASA 4 weeks prior to the expected date of delivery
should be implemented.

The American Academy of Pediatrics (AAP)
considers ASA, naproxen, and ibuprofen compatible
with breast-feeding but as always, the lowest effective
dose should be used.
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Anticoagulants

The patient with APS and previous thrombosis
should receive anticoagulation treatment throughout
their pregnancy and during the postpartum period
[123]. Data supporting the use of heparin treatment in
women with pregnancy loss and APL with no history
of thrombosis are inconclusive and evidence-based stan-
dards of care both during the peripartum and post-
partum periods are lacking [124]. Once the decision to
use heparin has been made, low-molecular-weight
heparin (LMWH) is perceived to be more desirable
than unfractionated heparin (UFH), despite a Cochrane
Review recommending the use of unfractionated
heparin [125]. LMWH carries less risk of osteoporosis
and thrombocytopenia and can be administered once
daily [126]. Two small studies comparing UFH and
LMWH did not show differences in efficacy but larger
prospective studies are needed [127, 128]. LMWH treat-
ment over the duration of a pregnancy can be associated
with osteopenia and therefore calcium and vitamin D
supplementation should be recommended during preg-
nancy [129, 130].

Antimalarial Agents

Antimalarials are used extensively in the treatment
of SLE. The major side effect is retinal toxicity, which
requires ophthalmologic monitoring every 6—12 months.
The favored antimalarial is hydroxychloroquine (FDA
Category C), which appears to have a lower incidence
of retinal toxicity.

Numerous studies have attested to the safety of anti-
malarials in pregnancy [131—133]. All of these investiga-
tors have commented that the risk of a flare of disease far
outweighs any risk of fetal toxicity. In a follow-up study
of the children born to mothers on hydroxychloroquine
during pregnancy, Klinger ¢f al. found no evidence of
retinal toxicity, prompting these authors to conclude
that there appears to be little or no risk of ocular toxicity
in children exposed to hydroxychloroquine in utero
{134]. This observation has been confirmed by Motta
et al. [135].

Although hydroxychloroquine is eliminated slowly
and theoretically could accumulate in neonatal tissues,
only 2% of the maternal dose can be detected in breast
milk [131]. The AAP have therefore determined that
hydroxychloroquine is compatible with breast-feeding.

Corticosteroids

Corticosteroids are commonly used in the treatment
of most rheumatic diseases and are associated with
a rapid or relatively rapid therapeutic response. In
SLE, prednisone doses in treating minor organ disease
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range from 10 to 40 mg/day and major organ manifesta-
tions may be treated with 40—80 mg/day. In all cases,
the lowest effective dose of prednisone should be used.

The use of prednisone in pregnancy is associated with
few adverse side effects on the fetus. Maternal side
effects are dose-related. The commonest side effects
are hypertension and gestational diabetes mellitus. In
a double-blind, randomized controlled trial, Laskin
et al. observed an incidence of gestational diabetes mel-
litus of 15% and hypertension 13% in the prednisone-
treated group compared to 5% in the placebo group
for either condition [92]. The cushingoid side effects
and osteopenia occur similarly to that seen in the
nonpregnant state, the latter necessitating appropriate
supplementation with calcium and vitamin D.

Fetal side effects are few and uncommon. Qrofacial
clefting in the offspring of mothers treated with cortico-
steroids during the first trimester has been reported
[136, 137]. The results in these studies have been sup-
ported by the findings in a recent meta-analysis where
the prevalence of orofacial clefting in prednisone-
exposed infants was 1 in 400 compared to 1 in 800 in
the general population [138]. In spite of the low risk of
this potential side effect, any pregnant woman on corti-
costeroids should be counseled appropriately.

Premature birth has been described in pregnant
women treated with corticosteroids. In a randomized
trial referred to above, Laskin et al. found premature
births before 37 weeks gestation in 62% of the predni-
sone-treated group compared to 11% in the placebo
group [92]. The neonates were all appropriate size for
gestational age. Prednisone is FDA classified as D
when used in the first trimester. The physician must
weigh potential risks vs. benefits when prescribing these
agents.

The AAP considers prednisone to be compatible with
breast-feeding. There appears to be minimal exposure
with maternal doses at 30—40 mg/day.

Azathioprine

Azathioprine (AZA) is used in many rheumatic
diseases for its immunosuppressive properties and as
a steroid-sparing agent. Among all immunosuppressive
agents, AZA appears to be the safest in pregnancy. The
placenta reportedly forms a relative barrier to AZA
and its metabolites [139]. In a recent study of 189 women
exposed to AZA compared to 230 controls not exposed
to any teratogens during pregnancy, outcomes associ-
ated with AZA included increased rates of spontaneous
abortions, intrauterine growth restriction (IUGR), and
prematurity [140], but no increase in the occurrence of
major malformations. However, as larger studies are
required to confirm these results, AZA continues to be
a Class D drug.
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With few data available regarding the safety of AZA in
breast-feeding, the AAP has recommended that mothers
avoid nursing while being treated with this agent.

Methotrexate

Methotrexate (MTX), a folic acid antagonist, has been
used with good success in rheumatoid arthritis and is
occasionally used in the treatment of SLE. Use in preg-
nancy has been associated with spontaneous abortions
due to embryotoxicity. The drug has definite association
with numerous fetal anomalies as well as [UGR
[141-143]. MTX is not to be used in pregnancy and
has an FDA Category X rating.

Owing to MTX binding to tissues, it is recommended
that it be discontinued at least 3 months prior to concep-
tion. A similar recommendation applies to men taking
MTX, but evidence is lacking to support such a recom-
mendation [142]. However, until the situation is clari-
fied, it is recommended that both men and women
avoid pregnancy for at least 3 months after discontinu-
ing MTX [141-143].

MTX is only excreted in breast milk to a very small
degree. However, it binds to neonatal tissues and there-
fore accumulates, leading to toxicity [143]. The AAP
categorizes MTX as contraindicated in nursing mothers.

Cyclophosphamide

Cyclophosphamide (CTX) is a cytotoxic, alkylating
agent used in the treatment of severe major organ
involvement in SLE. The FDA has categorized it as
a Class D drug. CTX is embryotoxic and associated
with many anomalies upon exposure in the first
trimester. However, it does not appear to be associated
with abnormalities if used in the second and third
trimesters. Regardless, the drug should not be used in
pregnancy unless there is a life-threatening problem
and even then restricted to use late in the pregnancy.
CTX is contraindicated in the nursing mother owing to
the risk of neutropenia, immunosuppression, growth
disturbances, and potential carcinogenesis in the
neonate [143~145].

Cyclosporine

Cyclosporine A (CSA, FDA Classification C) is used
to treat certain manifestations of SLE renal disease.
Most of the literature surrounding the use of CSA in
pregnancy deals with renal transplantation. There
appears to be little evidence that CSA crosses the
placenta significantly [146—148] and current data indi-
cate that it is probably safe in pregnancy with no specific
anomalies described [149—151]. Adverse pregnancy
outcomes such as prematurity and IUGR likely have
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more to do with the underlying disease process than
treatment with CSA [152].

CSA is excreted in breast milk and is associated with
immunosuppression, neutropenia, and growth distur-
bances in the neonate. The AAP categorizes CSA as con-
traindicated in the nursing mother.

Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is a purine biosyn-
thesis inhibitor. Its use in pregnancy is accompanied
by several congenital anomalies and spontaneous abor-
tions [149, 153—157]. These findings have been noted not
only in animal studies but also in humans. In addition,
a possible characteristic phenotype has been described
[154, 158]. Although MMF does not appear to impact
male fertility, paternal exposure may be associated
with congenital anomalies [151]. Recommendations in
women regarding discontinuation of MMF prior to
conception vary from 3 to 12 weeks. It would appear
that avoidance of this drug by females at least 6 weeks
prior to conceiving is most appropriate, whereas for
males, the recommendation is 12 weeks’ avoidance.
This is an FDA Class D drug and should be avoided in
pregnancy.

Since MMEF is excreted into breast milk, it should not
be administered to nursing mothers.

Angiotensin-Converting Enzyme Inhibitors
(ACE) and Angiotensin Receptor Blockers
(ARB)

ACE inhibitors and ARBs are commonly used in
patients with SLE. Their use in pregnancy, however, is
contraindicated owing to adverse effects on the fetus.
Most of the studies have been performed on patients
exposed to ACE inhibitors during pregnancy, but the
concerns equally apply to the use of ARBs [159, 160].

Angiotensin II appears to play a major role in the
regulation of uteroplacental blood flow as well as fetal
growth, with particular emphasis on the growth of the
fetal kidney [159]. Thus use of these antihypertensives
may adversely affect maternal blood flow and fetal
development. It is necessary to avoid the use of ACE
inhibitors and ARBs even in the first trimester due to
the risk of cardiovascular and CNS anomalies [160].
Exposure in the second and third trimesters can result
in severe fetal adverse effects owing to the effect on fetal
renal hemodynamics {161, 162]. The fetal circulation is
dependent upon high circulating levels of angiotensin
II, which is necessary to maintain the GFR in the nor-
mally low-pressure fetal circulation [163]. Use of these
agents at this time results in a rapid fall in angjotensin
II levels with subsequent fall in GFR, which in tumn
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leads to a decrease in fetal urine production, resulting
in a decrease in amniotic fluid volume. Low amniotic
fluid volume can then result in developmental abnor-
malities such as limb contractures, lung hypoplasia,
and craniofacial deformities owing to abnormal cranial
ossification [161].

Although some reports indicate recovery of renal
function after birth, some renal insufficiency may
remain [164]. Therefore, ACE inhibitors and ARBs
should be avoided in any woman contemplating a preg-
nancy and during pregnancy. Alternatives should be
prescribed and their use stabilized prior to conception.
In addition, those women taking an ACE inhibitor or
ARB for the treatment of proteinuria should be assessed
after discontinuing the agent to determine if the retwn
of proteinuria now contraindicates pregnancy.

ACE inhibitors and ARBs are found in breast milk in
very low levels. However, owing to the extreme sensi-
tivity of the neonatal kidney to ACE inhibitors in the first
few weeks of life, nursing while taking these agents
should be avoided until approximately 6 weeks after
birth [165].

FAMILY PLANNING AND
COUNSELING

As noted above, a prepregnancy evaluation should be
undertaken whenever possible. Apart from the medical
assessment, this visit represents the most appropriate
time to discuss planning a pregnancy, thereby maxi-
mizing the safety of the woman and gaining the highest
probability for the desired obstetrical outcome. Many
studies have consistently demonstrated that planned
pregnancies have better outcomes than those that are
unplanned [166]. This is especially the case in those
women with an underlying medical problem. Opti-
mizing the health of the prospective mother will
improve pregnancy outcome. In the case of the woman
with SLE, this will not only involve the assessment of
disease activity, but address medication issues. Based
upon the findings at this visit, a recommendation for
timing a pregnancy will be presented. If there are any
medication issues, then substituting a pregnancy-safe
medication should be undertaken immediately with
plans for follow-up over an appropriate time to ensure
that the disease is adequately treated with the newly
prescribed alternative medication.

The mother with lupus contemplating a pregnancy
must be counseled not only with respect to her disease
entity and the interaction of lupus with pregnancy, but
a detailed risk assessment includes a discussion of issues
relevant to any woman planning a pregnancy. The coun-
seling session should involve a discussion of maternal
age factors and the impact of advanced maternal age
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on conception and pregnancy; weight and nutrition;
reproductive and family histories; substance use
including tobacco, caffeine, and alcohol; environmental
exposures; and psychosocial issues. The clinician must
ensure that the patient’s partner is enrolled in the deci-
sion regarding pregnancy and is fully cognizant of any
risks to proceeding.

The decision to enter into a pregnancy is one that is
quite personal and emotional. The prepregnancy evalu-
ation visit provides a unique opportunity for the clini-
cian to establish a trusting relationship with the
patient to maximize the probability that she will under-
take a pregnancy informed to ensure her safety and that
of her future child.

SLE AND FERTILITY

Fertility in women with SLE has been reported as
normal with pregnancy rates of 2—2.5 observed even
in the presence of active disease [160, 167]. Although
such studies indicate no difference in fertility rates in
women with SLE compared to the general population,
one must interpret these findings with caution [168].
Any active inflammatory disorder will impact the
pituitary—ovarian axis leading to anovulation. In addi-
tion, the adverse effects of certain medications such as
cyclophosphamide may severely compromise gonadal
function. Therefore, under these circumstances, fertility
rates will be affected.

There are women with well-controlled SLE who may
require fertility treatment often in the form of ovulation
induction therapy. This treatment requires the use of
high doses of exogenous follicle stimulating hormone
(FSH), leading to a hyperestrogenic state. This transient
hyperestrogenicity may exacerbate lupus. There are
several studies of ovulation induction therapy in women
with SLE [169—172]. For the most part, the women have
fared well, although some complications associated with
disease exacerbation have occurred. Since the studies
are small, no conclusions can be drawn. Although
fertility therapy is not contraindicated in women with
SLE, it is advisable to initiate ovulation induction or
superovulation only in those individuals whose disease
is under excellent control for an extended period such as
6 months. In addition, the patient must be assessed for
disease activity and advisability of entering into

a pregnancy.

CONTRACEPTION

At one time, combined oral contraceptives (estrogen-
containing agents) were considered to be at least rela-
tively contraindicated in women with SLE [173—175].
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This may still be the case in those with aPL as there
appears to be increased risk in those patients of throm-
boembolism [176]. However, in those lacking aPL the
controversies have been limited to patients with some
degree of disease activity. Two recent studies clarified
this issue. Neither found any association between
combined oral contraceptive use and exacerbation of
SLE, providing the woman has stable disease [177, 178].

CONCLUSION

The pregnant woman with SLE represents a unique
and potentially complicated management problem for
both the rheumatologist/internist and obstetrician/
perinatologist. The multisystem nature of the disease
and the impact of pregnancy on compromised organ
function will challenge the skills of all clinicians
involved with the patient. The attending rheumatolo-
gist must have detailed knowledge of the clinical
disease entity as well as the specific details of the
patient’s disease history including characteristic clinical
manifestations, laboratory markers, and indicators of
disease flare. The clinician must know if the patient
demonstrates concordancy or discordancy between
clinical disease activity and laboratory indicators.
Under ideal circumstances, the pregnancy should be
planned with the patient and her partner. The woman
should be counseled to undertake a pregnancy when
the disease is quiescent, after withdrawal of any feto-
toxic drugs, and stabilization on medications known
to be safe in pregnancy. With improvements in disease
management and perinatal monitoring, in addition to
collaboration between rheumatologists and perinatolo-
gists, there is now a good prognosis for both mother
and fetus for the majority of women with systemic
lupus erythematosus.
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