The Antiphospholipid Syndrome
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Summary: The antiphospholipid syndrome (APS) is an autoimmune disorder characterized by
the clinical association of antiphospholipid autoantibodies (aPL) with a syndrome of hyper-
coagulability that can affect any blood vessel, irrespective of type or size. Involvement of
larger vessels, such as arteries or veins, manifests in the form of thrombosis or embolism,
whereas involvement of smaller vessels, including capillaries, arterioles, and venules, mani-
fests as thrombotic microangiopathy. Virtually any organ in the body, including the kidney,
can be affected. Here, we review the basic principles and recent advances in our understand-
ing of APS, and discuss the broad spectrum of renal diseases that have been observed in
association with this syndrome. We also discuss the impact that APS may have on pre-existing
renal disease as well as current recommendations for treatment of APS.
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nti-phospholipid antibodies (aPLs) are a
Aheterogeneous group of autoantibodies

encompassing a broad range of target
specificities and affinities, all recognizing vari-
ous combinations of phospholipids and/or phos-
pholipid-binding proteins. The term antiphos-
pholipid syndrome (APS) was first coined in the
mid-1980s to denote the clinical association of
aPL with a syndrome of hypercoagulability. Al-
though we now appreciate the prominence and
variety of renal manifestations in APS, initial
descriptions of the syndrome did not even in-
clude the kidney among the many organ sys-
tems affected in APS. Despite burgeoning inter-
est in the effects of APS on the kidney, the full
range of renal manifestations still may be under-
estimated, especially the more chronic effects
of APS. In this review, we focus on basic prin-
ciples and recent advances in our understand-
ing of APS. A more detailed discussion of APS in
general, and its renal manifestations in particu-
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lar, as well as a more complete list of refer-
ences, may be found in several earlier re-
views. 12

TERMINOLOGY AND
BASIC PROPERTIES OF aPL

The nomenclature for aPL, which is historically
based, can be very confusing. aPL is the general
term for autoantibodies recognizing phospho-
lipids and/or phospholipid-binding proteins.
Division of aPL into subsets is based on the
method of detection (see Table 2 in reference 1).
When aPL are detected functionally, by their
ability to prolong clotting times in various co-
agulation assays, they are referred to as lupus
anticoagulants (LAs). In contrast, when de-
tected immunologically, by their ability to bind
to surfaces coated with either phospholipids
(most commonly, cardiolipin [CL]) or phospho-
lipid-binding proteins (most commonly, B2-gly-
coprotein I [32GPI]), they are referred to as
anticardiolipin antibodies (aCLs) or anti-
B2GPI antibodies (anti-B2GPID), respectively.
Although aPLs occur in association with a
broad range of diseases and physiologic condi-
tions, including maintenance hemodialysis, the
two most important associations are with auto-
immune diseases, especially systemic lupus er-
ythematosus (SLE) and infectious diseases such
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as syphilis. Despite their name, aPLs found in
the setting of autoimmunity, of which LAs are
the classic example, most often are directed
against a complex of phospholipid and protein,
and tend not to recognize phospholipid alone.
In contrast, aPLs in the setting of infectious
diseases usually recognize phospholipid alone,
but not the phospholipid-protein complex. For
example, the antibody detected by the Venereal
Disease Research Laboratory (VDRL) serologic
assay for syphilis binds to CL alone; proteins
such as 32GPI, which bind to CL, interfere with
the recognition of CL by the VDRL antibody.
Another important distinction between aPLs oc-
curring in these two settings is their health-
related consequences. In general, aPLs associ-
ated with infectious diseases lack a clinically
important impact on coagulation. We will
therefore focus exclusively on aPLs occurring
in association with autoimmunity.

Despite the frequent concordance between
LAs and either aCLs or anti-B2GPI, these anti-
bodies are not necessarily identical. Some pa-
tients have LAs, without detectable aCLs or
anti-32GPI, most likely because the aPLs of
these patients react with phospholipids other
than CL or phospholipid-binding proteins other
than B2GPI (such as prothrombin, protein C,
protein S, annexin V, and several kininogens).
Other patients have aCLs and/or anti-32GPI that
possess no discernible effect on coagulation.

Although CL is the phospholipid most fre-
quently used in immunologic assays for aPLs,
the reactivity of aPLs in general is unaffected by
substitution of CL with another negatively
charged (anionic) phospholipid, such as phos-
phatidylserine. In marked contrast, substitution
of CL with a net neutrally charged phospholipid,
such as phosphatidylethanolamine, virtually elim-
inates reactivity. The basis for this preference lies
in the phospholipid-binding proteins, which in
conjunction with CL comprise the antigenic tar-
gets of most aCLs. B2GPI and most other phos-
pholipid-binding proteins recognized by aPLs
interact strongly with anionic phospholipids,
but only weakly with net neutrally charged
phospholipids.

Despite their name, LAs are associated with
thromboembolic events rather than clinical
bleeding. aPLs can interfere with both antico-

agulant and procoagulant pathways (see Table
3 in reference 1). Although the phospholipid
surface used in most in vitro coagulation assays
favors inhibition of procoagulant pathways, and
therefore prolongation of clotting, the microen-
vironment of cell membranes in vivo may pro-
mote greater inhibition of anticoagulant path-
ways and therefore thrombosis.

As noted earlier, aPLs comprise a broad fam-
ily of autoantibodies. We presume that the ini-
tial target of the autoimmune response that
leads to the generation of aPLs is a cell-surface
complex between one of several phospholipid-
binding proteins circulating in the plasma and
an anionic phospholipid on the external cell
membrane. The absence of anionic phospholip-
ids on the surface of resting viable cells (with
the exception of trophoblasts and possibly en-
dothelial cells) suggests that perturbation of the
cell membrane may be required for binding of
aPLs to cells. A number of cells or particles that
express negatively charged phospholipids on
their surface have been proposed as the natural
targets for aPLs. These include activated platelets,
activated or injured endothelial cells, sickled red
blood cells, apoptotic cells, and oxidized low-
density lipoprotein (Ox-LDL) particles. In each of
the cellular examples, there is an induced loss
of normal membrane phospholipid asymmetry
with resultant exposure of anionic phospholip-
ids on the outer cell surface.

Once the autoimmune response to the phos-
pholipid/phospholipid-binding protein com-
plex has been initiated, then the immune re-
sponse presumably can spread to other
antigenic specificities including isolated phos-
pholipids or phospholipid-binding proteins.
Strong support for the role of epitope spread,
and the primacy of the aPL response in human
SLE, comes from recent data showing that SLE
autoantibodies emerge in a remarkably consis-
tent order and can precede the development of
clinical disease by 7 or 8 years, with aPLs being
among the very first autoantibodies to ap-
pear.34

DIAGNOSIS

A recent consensus statement has modified the
criteria for classification of APS.> There are a
number of important changes from previous
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criteria. A patient with APS must manifest at
least 1 of 2 clinical criteria (vascular thrombosis
or pregnancy morbidity) and at least 1 of 3
laboratory criteria (LAs, aCLs, and/or anti-
B2GPI). Laboratory criteria must be met on two
or more occasions, at least 12 weeks apart.
Although prolongation of a single phospholipid-
dependent coagulation assay is sufficient to es-
tablish the presence of LAs, current criteria
recommend using at least two coagulation as-
says before excluding LAs. The two assays
should evaluate distinct portions of the coagu-
lation cascade (extrinsic, intrinsic, or final com-
mon pathways). A suitable combination would
be the activated partial thromboplastin time
(APTT) and dilute Russell’s viper venom time
(dRVVT). As opposed to the earlier classifica-
tion, clinical and laboratory criteria cannot be
separated in time arbitrarily, but should be
more than 12 weeks and less than 5 years apart.
Although the laboratory criteria have been
broadened to include anti-32GPI antibodies (ti-
ter >99th percentile), the threshold for aCL
positivity has been tightened considerably (titer
>99th percentile or >40 immunoglobulin G
phospholipid [GPL] or immunoglobulin M
phospholipid [MPL] units). Only immunoglob-
ulin M (IgM) and IgG isotypes of aPLs fulfill the
laboratory criteria; IgA aPLs are still thought to
lack sufficient specificity.

It is important to emphasize that these crite-
ria are intended primarily to guide classification
of patients entered into clinical studies on APS.
To minimize the incorrect attribution of APS to
unaffected patients (false positives), these cri-
teria are designed to have very high specificity.
Given the inexorable trade-off between sensi-
tivity and specificity, the sensitivity of these
criteria is somewhat limited. Hence, in the clin-
ical setting, failure to fulfill these classification
criteria should not necessarily preclude the di-
agnosis of APS.

None of the other protean clinical manifesta-
tions of APS, such as thrombocytopenia or li-
vedo reticularis, is included in the clinical cri-
teria. Although such features have been
associated strongly with aPLs, they occur in a
variety of disease states other than APS, and
their specificity for APS does not reach that of
vascular thrombosis. The consensus statement

has proposed standardized definitions for mul-
tiple clinical features of APS not included in the
classification criteria, such as aPL-associated ne-
phropathy.

CLASSIFICATION OF APS

APS traditionally has been divided into several
categories. Primary APS occurs in patients with-
out clinical evidence of another autoimmune
disease, whereas secondary APS occurs in asso-
ciation with autoimmune or other diseases. The
recent consensus statement recommends doc-
umentation of the specific autoimmune dis-
ease(s) co-existing with APS.>

SLE is by far the most common disease with
which APS occurs. Some patients with APS
have evidence of an underlying autoimmune
disorder but only partially fulfill the criteria for
diagnosis of SLE. Such patients are referred to
commonly as having lupus-like disease. The
link between aPLs and other rheumatologic dis-
eases, with the exception of rheumatoid arthri-
tis and possibly also Sjogren’s syndrome and
systemic sclerosis, is more tenuous and based
largely on case reports.!:® Many cases of Sned-
don’s syndrome, defined as the clinical triad of
stroke, livedo reticularis, and hypertension,
may represent undiagnosed APS. Although aPLs
commonly occur in association with other con-
ditions (including drugs, infections, malig-
nancy, hemodialysis), they are usually low-titer
IgM antibodies unassociated with thrombotic
events. Catastrophic APS is discussed separately
later.

EPIDEMIOLOGY

The frequency of aPLs among healthy controls
is fairly low, about 1% to 5% for both aCLs and
LAs. As for other autoantibodies, the frequency
of aPLs increases with age, especially among
elderly patients with co-existent chronic dis-
eases. Among patients with SLE, the frequency
of aPLs is much higher, ranging from 12% to
30% for aCLs and 15% to 34% for LAs. It should
be noted that all of these percentages predate
the most recent consensus statement, and that
application of its revised stricter laboratory cri-
teria may lead to a decrease of these estimates
of prevalence.
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Many patients have laboratory evidence of
aPLs without clinical consequence. For other-
wise healthy controls, there are insufficient
data to determine what percentage of those
with a positive aPL will eventually have a
thrombotic event or pregnancy complication
consistent with APS. In contrast, the percent-
age of patients with SLE and positive aPLs who
have or develop APS is as high as 50% to 70%
after 20 years of follow-up evaluation. Nonethe-
less, up to 30% of patients with SLE and positive
aCLs lacked any clinical evidence of APS over
an average follow-up period of 7 years.

WHICH PATIENTS WITH aPLs
WILL DEVELOP THROMBOSIS?

A critical issue, therefore, is identification of
those patients with aPLs at increased risk for a
thrombotic event. In general, LAs are more spe-
cific for APS, whereas aCLs are more sensitive.
In a recent meta-analysis of 25 studies involving
more than 7,000 patients, the mean risk for
thrombosis was increased 11.0-fold by LAs ver-
sus 1.6-fold by aCL.” The specificities of aCLs
and anti-B2GPI for APS increase with titer, and
are higher for IgG versus IgM isotype. Still,
there is no definitive association of specific clin-
ical manifestations with particular aPL subsets.
Therefore, multiple aPL tests should be used
because patients may be positive in one test
and negative in another.

The most important risk factor for thrombo-
sis, and the only one sufficiently predictive to
warrant treatment, is a previous history of
thrombosis. Other risk factors, each of which
may increase the risk for thrombosis up to 10-
fold, include the presence of LAs, an increased
titer of IgG aCLs, and persistence of aPLs.

Although not yet integrated into clinical
practice, there are additional specific features
of aPLs that may help to stratify risk. For exam-
ple, LAs whose prolongation of clotting times is
dependent on the presence of B2GPI show a
much stronger association with thrombosis
(odds ratio, ~42) than do LAs that are indepen-
dent of B2GPI (odds ratio, ~1.6).8 Moreover,
among anti-B2GPI, those that recognize domain
I of B2GPI were predictive of thrombosis (odds
ratio, ~19), whereas antibodies that recognized

domains other than domain I showed no asso-
ciation with thrombosis.?

PATHOGENESIS OF APS

The cellular and molecular mechanisms by
which aPLs promote thrombosis remain largely
unclear, but several hypotheses have been pro-
posed. It has been suggested that aPLs interfere
with or modulate the function of phospholipid-
binding proteins involved in the regulation of
coagulation. For example, although [2GPI
seems to bind poorly to the cell membranes of
viable cells, anti-32GPI may increase the affinity
of B2GPI for cell membranes via dimerization of
surface-bound B2GPI molecules.'® Moreover,
binding of B2GPI to anionic phospholipids is
thought to result in a conformational change,
leading to exposure of domain I epitopes that
are recognized by the pathogenic subset of anti-
B2GPL.!° Binding of complexes of B2GPI and
anti-B2GPI may activate certain cells, including
monocytes and endothelial cells. Although the
signaling mechanisms remain unclear, recep-
tors such as Toll-like receptor 4 (TLR4), which
is used by endotoxin, may be involved.!! Acti-
vation of endothelial cells results in increased
expression of adhesion molecules, secretion of
proinflammatory cytokines, and prostacyclin
metabolism, potentially creating a more pro-
thrombotic microenvironment.

A second mechanism focuses on the cross-
reaction of aPLs with Ox-LDLs, a major contrib-
utor to atherosclerosis that is present at sites of
oxidative injury to vascular endothelium. Rec-
ognition and uptake of aPL/Ox-LDL complexes
by phagocytic cells would lead to an inflamma-
tory reaction and increased tendency to coagu-
lation. Finally, thrombosis in APS has been
likened to that in heparin-induced thrombocy-
topenia.

DIFFERENTIAL DIAGNOSIS

APS is one of several prothrombotic states in
which thrombosis occurs within both the ve-
nous and arterial beds (see Table 4 in reference
1). Although other conditions predisposing to
venous and arterial thrombosis may be detected
through routine laboratory testing, the sole ab-
normality in a patient with primary APS may be
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the existence of aPLs. Because a normal APTT
does not exclude the presence of LAs, a patient
presenting with a first thrombotic event should
be screened by at least two LA-sensitive assays
and for aCLs and anti-32GPI. Importantly, diagno-
sis may be unsuspected in patients in whom APS
results in a chronic, more indolent process, lead-
ing to ischemia and slowly progressive loss of
renal or other organ function.

Secondary risk factors that increase the ten-
dency to thrombosis should be surveyed. Such
factors can affect the venous or arterial beds,
and include stasis, vascular injury, medications
such as oral contraceptives, and established risk
factors for atherosclerotic disease. Eliminating
or reducing the impact of these factors is espe-
cially important because the mere presence of
aPLs may be insufficient to generate thrombo-
sis. A second hit, most commonly thought to
entail some form of endothelial cell activation
or injury, in combination with aPLs, may be
required for thrombosis to occur. Finally, even
in patients with documented APS, disentangling
cause and effect can sometimes be difficult. For
example, APS is associated with the nephrotic
syndrome, which is itself a risk factor for throm-
boembolism.

GENERAL CLINICAL FEATURES

Although attribution of clinical manifestations
to aPLs is clearest in primary APS, there are no
major differences in the clinical consequences
of aPLs for patients with primary versus second-
ary APS. Virtually any organ can be involved,
and the range of disorders observed within any
one organ system spans a diverse spectrum (see
Table 5 in reference 1). The effects of aPLs are
best appreciated from a pathogenetic point of
view, with emphasis placed on two key fea-
tures: the nature and size of the vessels in-
volved, and the acuteness or chronicity of the
thrombotic process.

Venous thrombosis, especially deep venous
thrombosis of the lower extremities, is the most
common manifestation of APS. As many as 50%
of these patients suffer pulmonary emboli. Ar-
terial thromboses are less common than venous
thromboses, and most commonly manifest with
features consistent with ischemia or infarction.
The severity of presentation relates to the

acuteness and extent of occlusion. It should be
emphasized that thrombotic episodes in associ-
ation with APS frequently occur in vascular
beds atypically affected by other prothrombotic
states, such as the subclavian, renal, retinal, and
pedal arteries. Moreover, not all arterial epi-
sodes of ischemia and/or infarction are throm-
botic in origin. Emboli, especially from mitral or
aortic valve vegetations, also can lead to vascu-
lar occlusion and organ ischemia, especially in
the cerebrovascular circulation.

Acute involvement at the level of the capil-
laries, arterioles, or venules often results in a
clinical picture virtually indistinguishable from
hemolytic uremic syndrome (HUS)/thrombotic
thrombocytopenic purpura (TTP) and other
thrombotic microangiopathies. Thrombotic mi-
croangiopathy (TMA) also may occur as a more
chronic process, resulting in slow progressive
loss of organ function, the underlying reason
for which may only be determined by biopsy.
Thus, organ involvement in association with
APS can present anywhere along a spectrum
from explosive and rapidly progressive to clin-
ically silent and indolent. Depending on the size
of vessels affected, organ failure has two pre-
dominant causes, TMA and ischemia secondary
to thromboembolic events.

Although the most characteristic clinical fea-
tures of APS relate to thromboembolic phenom-
ena, other prominent manifestations of APS in-
clude thrombocytopenia, hemolytic anemia,
and livedo reticularis.

RENAL MANIFESTATIONS

A broad spectrum of renal diseases has been
observed in association with APS (Tables 1 and 2).2
There are no major differences in the renal le-
sions attributable to aPLs in APS patients with
and without SLE.'>!3 As with the systemic find-
ings of APS, the renal manifestations are best
understood from a pathophysiologic perspec-
tive with emphasis on two features: the acute-
ness versus chronicity of the thrombotic pro-
cess, and the size and nature of the involved
vessels.

Renal Artery Lesions

Renal artery involvement can be bilateral and
generally consists of occlusive lesions resulting
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Table 1. Renal Lesions and Syndromes
Associated With APS

Renal arterial lesions
Renal artery stenosis
Renal infarction
Renal ischemia
Renovascular hypertension
Ischemic acute renal failure
Chronic kidney disease
Renal vein lesions
Renal vein thrombosis
Thrombotic microangiopathy
Acute renal failure
Chronic kidney disease
Subnephrotic range proteinuria
Nephrotic syndrome
Malignant hypertension
Glomerular lesions
Membranous glomerulonephritis
Focal ischemic changes consistent with
chronic TMA
Other (minimal change disease, focal
segmental glomerulosclerosis, mesangial
C3 deposition)
Adrenal failure

from in situ thrombosis or from embolism from
either a pre-existing upstream arterial lesion or
a bland cardiac valvular lesion. These lesions
can manifest in multiple ways, ranging from
renal infarction to ischemic acute renal failure
(ARF) to slowly progressive ischemic chronic
renal failure (CRF) to renovascular hyperten-
sion. The clinical features for these syndromes
in aPL-positive patients exactly parallel those in
patients lacking aPLs. In the absence of con-
comitant cardiac disease, hypertension almost
always is present. The prevalence of renal ar-
tery lesions is difficult to estimate because
many lesions are clinically silent and inciden-
tally detected by radiographic procedures or
autopsy. Among unselected patients with APS,
the prevalence of renal infarction is probably
about 1% to 2%. The prevalence of renal artery
stenosis is probably greater, up to 7% in uns-
elected patients with APS, and perhaps more
than 10% in APS patients selected for evidence
of renal involvement of any sort such as hyper-
tension or proteinuria.

Renal Vein Lesions

Renal vein thrombosis occurs more commonly
in APS patients with SLE (~10%) than in APS
patients without SLE (=1%). The major reason
for this would seem to be the multiple addi-
tional causes for heavy proteinuria and ne-
phrotic syndrome in patients with SLE. Similar
to renal artery lesions, renal vein thrombosis
can be bilateral. Clinical features resemble
those from renal vein thrombosis of any cause,
and can include loin pain, hematuria, enlarged
kidneys, and pulmonary embolism.

TMA

Perhaps the most important renal manifestation
of APS is TMA, which can vary widely in pre-
sentation from an explosive ARF requiring dial-
ysis to a mild progressive CRF with bland urine.
The frequency of TMA may be 50% or more in
primary APS patients with renal findings of any
sort, including hypertension and minimal levels
of proteinuria. Among SLE patients with APS
and renal findings, the frequency of TMA is
somewhat lower (although still =10%), be-
cause these patients have additional non-APS-
related reasons for renal abnormalities.

The pathologic changes of TMA are nonspe-
cific and can occur as part of several well-
defined clinical entities or syndromes. For this
reason, depending on the dominant mode of
clinical presentation, TMA in association with
APS (both primary and secondary) has been
variously described in the literature as any of
the following: HUS/TTP; malignant hyperten-
sion; renal crisis of scleroderma; or pregnancy-
related events such as eclampsia, pregnancy-
associated renal failure, post-partum renal
failure, or HELLP syndrome (hemolysis, ele-
vated liver enzymes, and low platelets). It is
critical to recognize that, irrespective of the
name, the pattern of injury seen on renal biopsy
for all these entities is remarkably similar. Renal
pathologic and/or clinical differences relate far
less to the associated syndrome or state (eg,
pregnancy versus nonpregnancy) than to the
acuteness or chronicity of the underlying
thrombotic process. Acute TMA presents sud-
denly, often with widespread intrarenal throm-
bosis and rapidly progressive ARF, whereas



Table 2. Histopathologic Manifestations of APS

Renal Parenchymal Element

Pathophysiologic
Process Glomeruli Vasculature Tubules and Interstitium
Acute TMA Light: Intracapillary fibrin thrombi Light: Fibrin and/or fibrocellular Light: Mild edema
Glomerular congestion thrombi (arteries and Mild cellular infiltrate
Endothelial cell swelling and degeneration arterioles) (plasma cells and
Focal mesangiolysis and mesangial Medial accumulation of lymphocytes)
hypercellularity fibrinous or cellular Acute tubular necrosis
IF:  Glomerular capillary wall staining for material
fibrin-related antigens Fibrinoid necrosis
Virtual absence of staining for Degeneration and loss of
complement or immunoglobulins endothelial lining
EM: Separation of endothelium from
glomerular basement membrane by
fluffy electrolucent material
Absence of electron-dense deposits
Chronic TMA Light: Global glomerulosclerosis Light: Thrombotic organization Light: Interstitial fibrosis
Occasional focal segmental with recannulization Tubular atrophy
glomerulosclerosis Fibrous intimal Focal cortical atrophy
Glomerular hypoperfusion hyperplasia Tubular thyroidization
Double-contour or tram-tracking of Intimal accumulation of
capillary walls connective tissue
Mesangial sclerosis components (collagen
IF:  Trace staining for fibrin-related antigens and elastin)
EM: Glomerular basement membrane Arteriosclerosis and
widening with mesangial interposition arteriolosclerosis
Ischemia caused by Light: Global glomerulosclerosis (late) Light: Arteriosclerosis and Light: Interstitial fibrosis

large-vessel
thrombosis

Retraction or shrinkage of glomerular tuft

Capillary collapse
Wrinkling of capillary walls

Hyperplasia of juxtaglomerular apparatus
Cystic enlargement of Bowman's space

arteriolosclerosis

Tubular atrophy
Focal cortical atrophy
Tubular thyroidization

Abbreviations: IF, immunofluorescence; EM, electron microscopy.
Adapted and reprinted by permission of Oxford University Press from “Renal involvement in the antiphospholipid syndrome” by Levine, Jerrold and Rauch, Joyce from “Rheumatology
and the Kidney” edited by Adu, Dwomoa et al (2001) www.oup.com.?
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chronic TMA is a more smoldering process,
characterized by extensive healing and scar-
ring, and may be overlooked clinically and mor-
phologically because of the focal, nonspecific,
and often subtle nature of the vascular lesions.

The clinical presentation of TMA is extraordi-
narily varied, mainly dependent on the acuity of
the underlying thrombotic process. The follow-
ing generalizations may be helpful. First, hyper-
tension, frequently severe or malignant, is ex-
tremely common (=80%). Second, proteinuria
exceeding 100 mg/d occurs in up to 90% of pa-
tients, and may achieve the nephrotic range in as
many as 20% of patients. Many of these cases of
nephrotic range proteinuria had primary APS,
without evidence of SLE or other autoimmunity,
so the heavy proteinuria truly can be attributed to
APS. Third, renal insufficiency frequently is found
at presentation, ranging from anuric ARF requir-
ing dialysis to seemingly stable mild CRF. Al-
though not clearly studied, several case series
suggest that APS can lead to a slow loss of renal
function, without history or evidence of overt
nephritis; renal biopsy in these cases reveals focal
ischemic changes consistent with a chronic TMA.

Glomerular Disease

An expanding spectrum of glomerular lesions
has been reported in association with APS.'4
Renal biopsy in most cases of nephrotic range
proteinuria associated with TMA reveals a vari-
ety of nonspecific changes consistent with
chronic glomerular ischemia. However, true
glomerular pathology does seem to occur in
patients with APS. The best documented is
membranous glomerulonephritis. Among 29
primary APS patients with a variety of renal
abnormalities who underwent biopsy, 3 cases
of membranous glomerulonephritis were
found.'* Other glomerular lesions that have
been reported include minimal change, focal
segmental glomerulosclerosis, and mesangial
deposition of C3.

Other

Adrenal failure, especially in association with
catastrophic APS, may lead to profound distur-
bances of fluid and electrolyte levels.

PATHOLOGY

The histopathologic features of APS reflect a
combination of several major pathophysiologic
processes: TMA; ischemia secondary to up-
stream arterial thromboses or emboli; and pe-
ripheral embolization from venous, arterial, or
intracardiac sources (Table 2).!? The histopa-
thology of arterial and venous thromboses in
association with APS does not differ from that
seen in other prothrombotic states. Similarly,
regions of ischemia and infarction downstream
of thrombotic or embolic occlusions lack
unique features.

TMA is a consequence of microvascular in-
volvement. Its histologic features also are not
specific to APS and can be seen in a variety of
other diseases and syndromes, including HUS/
TTP, malignant hypertension, scleroderma, ra-
diation-induced injury, pregnancy-associated
renal failure, and various drug-induced throm-
botic microangiopathies (cyclosporine, FK500,
and chemotherapeutic agents, such as mitomy-
cin C). Although the acute changes of TMA
usually are fairly prominent, the chronic
changes can be quite subtle and easily over-
looked. Acute changes include capillary conges-
tion and intracapillary fibrin thrombi, generally
without inflammation. Immunofluorescence re-
veals a predominance of fibrin-related antigens.
Immune complexes are not seen. On electron
microscopy, the endothelium is separated from
the glomerular basement membrane by an ac-
cumulation of fluffy electron-lucent material.

Chronic changes, ranging from ischemic hy-
poperfusion to atrophy and fibrosis, reflect
healing and scarring of acute lesions. The cap-
illary walls often are thickened, with a double-
contour or tram-track appearance. The mesan-
gium may have areas of sclerosis. Fibrin staining
is much less intense than that seen in acute
TMA. Electron microscopy shows widening of
the glomerular basement membrane, with areas
of mesangial interposition accounting for the
double contours on light microscopy. Efface-
ment of the visceral epithelial cells from the
glomerular basement membrane also may be
seen, especially in patients with significant pro-
teinuria. Significantly less electron-lucent mate-
rial is seen, and there are again no electron-
dense deposits.
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Regions of focal cortical atrophy occur
within the superficial cortex, just beneath the
renal capsule, and in the appropriate context
are highly suggestive of APS. They appear as
well-demarcated foci or triangles of scarring
and atrophy. Their sharp borders suggest pre-
vious infarction. Features associated with focal
cortical atrophy include dense interstitial fibro-
sis, tubular atrophy and thyroidization, global
sclerosis of glomeruli with occasional cystic
dilatation, and fibrous intimal hyperplasia of
arteries and arterioles with positive intimal
staining for fibrin.

Vascular involvement extends from the non-
muscular precapillary arterioles to small muscu-
lar arteries. During the acute phase, fibrin
thrombi containing fragmented blood cells nar-
row or occlude the vascular lumen. Thrombi
eventually organize into fibrocellular and fi-
brous vascular occlusions, which can be recan-
nulated by endothelialized channels. An onion-
skin arrangement of intimal fibrosis is a
frequent end result. The lesions of fibrous inti-
mal hyperplasia, suggestive of APS, are usually
much more cellular than those of arteriosclero-
sis and arteriolosclerosis.

True vasculitis is rarely, if ever, seen in pri-
mary APS. Vasculitis in secondary APS is attrib-
utable to SLE, not APS. Although enormous con-
fusion exists regarding terminology for the
vascular lesions associated with SLE, vaso-occlu-
sive disease in association with APS, irrespec-
tive of the size of the vessel involved, univer-
sally is caused by thrombosis.

IMPACT OF aPLs ON
LUPUS NEPHROPATHY

Two important and unresolved questions relate
to the impact of aPLs on the natural history of
lupus nephropathy. The first question is
whether TMA or other APS-like pathology can
occur in SLE patients through mechanisms in-
dependent of aPLs. A recent, well-performed
study strongly suggests that the answer to this
first question is no, because it was found that
APS-like pathology virtually always occurs in
association with a positive aPL.!> The investiga-
tors examined 151 consecutive renal biopsy
specimens for SLE. The definitions were precise
and specific. aPLs were positive only if detected

on two occasions, at least six weeks apart. APS-
like nephropathy required the presence of one
of the following: TMA, focal cortical atrophy,
fibrous intimal hyperplasia, or organized
thrombi with or without recannulation. APS-
like nephropathy was found in 32 of 81 aPL-
positive patients, and only three of 70 aPL-
negative patients. Of the three aPL-negative
patients, two had single measurements of high-
titer aCL.

The second question is the potential impact
of aPLs on the course and progression of renal
disease in patients with SLE. Data from earlier
studies are conflicting. In general, those studies
finding a positive association between aPLs and
renal disease were based on meticulous analysis
of biopsy findings rather than broad definitions
of nephropathy. A recent prospective follow-up
study of 111 SLE patients compared the course
of aPL-positive (n = 29) versus aPL-negative
(n = 82) patients.!® By Kaplan-Meier analysis,
the incidence of renal insufficiency (creatinine
level =1.5 mg/dL) was significantly greater in
aPL-positive patients. A significant difference
did not emerge until fairly late (>10 y). By
multivariable analysis, the presence of aPLs was
associated independently with an approxi-
mately 2.0-fold increased risk for the develop-
ment of renal insufficiency.

CATASTROPHIC APS

In most patients with APS, thrombotic events
occur singly. Recurrences may occur months or
years after the initial event. However, a minor-
ity of APS patients present with an acute and
devastating syndrome characterized by multi-
ple simultaneous vascular occlusions through-
out the body, often resulting in death. Prelimi-
nary criteria for the classification of this
syndrome, termed catastrophic APS, recently
have been published and validated.!”-!® Defini-
tive diagnosis requires the simultaneous clinical
involvement by APS of at least three different
organ systems in a period of less than a week
with histopathologic confirmation of small-ves-
sel occlusion in at least one organ system. The
high mortality rate of catastrophic APS may
preclude laboratory confirmation of the pres-
ence of aPLs on a second occasion at least six
weeks later. For this reason, preliminary criteria
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for a probable diagnosis of catastrophic APS
also have been provided.!”

Although the same clinical manifestations
seen with primary and secondary APS also oc-
cur as part of catastrophic APS, there are im-
portant differences in prevalence and in the
caliber of the vessels predominantly affected.
Large-vessel venous or arterial thrombosis is
less common in patients with catastrophic APS,
who tend to present with an acute TMA affect-
ing small vessels of multiple organs. The kidney
is the organ most commonly affected by cata-
strophic APS (70%-80%), followed by lungs,
central nervous system, heart, and skin, each of
which is involved in more than 50% of cases.
Hypertension is found in virtually 100% of pa-
tients. Another fulminant process that can af-
fect up to 25% of patient with catastrophic APS
is disseminated intravascular coagulation,
which does not occur in primary or secondary
APS. Microvascular manifestations of cata-
strophic APS include the following: renal TMA;
adult respiratory distress syndrome; cerebral
microthrombi and microinfarctions; and myo-
cardial microthrombi. Virtually all patients with
renal involvement have hypertension, often ma-
lignant, and up to 25% require dialysis. The
mortality rate is 50%, usually secondary to
multi-organ failure.

Precipitating factors of catastrophic APS in-
cluded infections, surgical procedures (includ-
ing such minor procedures as biopsies or dental
extractions), withdrawal of or inadequate anti-
coagulation, neoplasm, lupus flares, and drugs
such as oral contraceptives.!® A precipitating
event cannot be identified in approximately
30% of patients.!® Although the pathophysiol-
ogy of this disorder is understood poorly,
thrombosis can be self-perpetuating in patients
with an underlying hypercoagulable state.
Thus, an initial thrombosis in an APS patient
may upset the balance of hemostasis and set in
motion a process termed thrombotic storm,
leading to multiple coagulative events through-
out the body.

Recommendations for the treatment of cata-
strophic APS are based entirely on case reports
and series.!”!8 Initial treatment in suspected
cases involves anticoagulation with intravenous
heparin plus high doses of steroids. If life-

threatening, plasma exchange and/or adminis-
tration of intravenous immunoglobulin should
be added. The rationale for plasmapheresis de-
rives from the documented effectiveness of
plasmapheresis in treating HUS/TTP. In the ab-
sence of clinical improvement, other therapies
may be used, such as cyclophosphamide, pros-
tacyclin, fibrinolytic agents such as streptoki-
nase and urokinase, or defibrotide. Because
thrombosis tends to be a self-perpetuating pro-
cess, an early aggressive therapeutic approach
is warranted in these patients.

The long-term outlook for patients surviving
an episode of catastrophic APS depends on
one’s perspective. Of 58 patients followed-up
for an average of 5.5 years, none had a recur-
rence of catastrophic APS, and 38 (65%) were
alive without further complications of APS.'”
Mortality occurred in nine patients (16%), and
an additional 11 patients (19%) had further
manifestations of APS.!?

TREATMENT

Treatment decisions fall into four main areas:
prophylaxis, prevention of further large-vessel
thromboses, treatment of acute TMA, and man-
agement of pregnancy in association with aPL.
This section reviews data on treatment in the
first two areas. Treatment of acute TMA is cov-
ered in the section on catastrophic APS,!”!° and
treatment of obstetric complications was cov-
ered in a previous review.!

Prophylaxis

A nested case-control study within the Physi-
cians’ Health Study examined the role of aspirin
(325 mg/d) as a prophylactic agent.?’ Aspirin
did not offer protection against deep venous
thrombosis and pulmonary embolus in male
physicians with aCLs.?° In contrast, a retrospec-
tive analysis of women with APS, identified
solely by pregnancy loss, showed that low-dose
aspirin (81 mg/d) significantly reduced the rate
of nongravid thrombotic events.?! A cross-sec-
tional study also suggested a prophylactic ben-
efit of low-dose aspirin in aPL-positive patients
without SLE.?? An ongoing study comparing
low-dose aspirin versus placebo in asymptom-
atic aPL-positive patients should resolve the
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question of aspirin’s effectiveness as a prophy-
lactic agent.?3

Hydroxychloroquine also may be protective
against the development of thrombosis in aPL-
positive patients with or without SLE.?>?4 Cer-
tainly any factors predisposing to thrombosis
should be eliminated (see Table 4 in reference
1). In addition, modification of secondary risk
factors for atherosclerosis seems prudent,
based on the putative role of vascular injury in
promoting aPL-associated thrombosis and the
association of aPL with Ox-LDL.

Treatment After a Thrombotic Event

A beneficial role for anticoagulation in decreas-
ing the rate of recurrent thrombosis has been
shown in three retrospective studies.?>?” In a
small series of 19 APS patients, recurrence at
eight years was 0% for those patients receiving
oral anticoagulation.?” Among patients whose
anticoagulation was stopped, recurrence was
50% at 2 years, and 78% at eight years.?” In two
larger series, protection (venous and arterial)
correlated directly with the level of anticoagu-
lation.?52° Among 70 APS patients, intermedi-
ate-intensity (INR [International Normalized Ra-
tio], 2.0-2.9) and high-intensity INR = 3.0)
treatment with warfarin significantly reduced
the rate of thrombotic recurrence, whereas
low-intensity treatment (INR = 1.9) conferred
no protection.2® Similar results were found in a
series of 147 APS patients.?> In both studies,
aspirin alone was ineffective in reducing the
rate of thrombotic recurrence.?>2¢

Several additional points warrant mention.
First, two recent prospective randomized con-
trolled trials have established that intermediate-
intensity treatment with warfarin (INR, 2.0-3.0)
is equally as effective as high-intensity treat-
ment (INR, 3.0-4.0) for APS patients with no
history of thrombosis while on anticoagula-
tion.?%2? Some authorities suggest that these
results should be applied only to patients for
whom APS was diagnosed on the basis of a
venous thrombosis because a majority of pa-
tients in both studies (70%-80%) had venous
events, and patients with recurrent thromboses
were excluded.?® These authorities recommend
that high-intensity warfarin should be used for
APS patients with an arterial thrombosis.?® Sec-

ond, discontinuation of warfarin seems to be
associated with an increased risk of thrombosis,
and even death, especially in the first six
months after stopping anticoagulation. Because
the rate of recurrence among patients who are
not anticoagulated optimally can be as high as
70%, treatment with warfarin probably should
be long term, if not lifelong. Finally, monitoring
the level of anticoagulation in APS patents is
complicated by the lack of a standardized
thromboplastin for determination of INR and
the potential interference of aPLs in this mea-
surement.

Additional Treatments

A theoretic basis exists for suggesting that st-
atins and angiotensin-converting enzyme inhib-
itors (ACEIs), two agents already commonly
prescribed by nephrologists, may be effective
in decreasing thrombotic events in patients
who have aPLs. Statins were effective in an in
vivo animal model of APS,3! and appear to have
beneficial anti-inflammatory and antithrombotic
effects on the vascular endothelium.>*3! Both
statins and ACEIs inhibit monocyte expression
of tissue factor, a cofactor in the coagulation
cascade that is up-regulated by interaction with
aPLs.?? Given the favorable therapeutic profile
of these agents, and the prevalence of renal
disease among APS patients, the use of ACEIs,
and probably statins, seems to be justified.
Other potential therapies, poised for clinical
trials, include thrombin inhibitors, rituximab
(anti-CD20 chimeric monoclonal antibody), re-
combinant human activated protein C, prosta-
cyclin, and prostaglandin E1.3932
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