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Abstract

Despite its potential to cause significant morbidity in children, pediatric antiphospholipid syndrome
(APS) is an understudied condition. In this review, we will cover what is known about pediatric APS
epidemiology and how the clinician might approach the diagnosis of pediatric APS. We will highlight
similarities and differences with the adult disease, both for primary APS and in the context of lupus.
Clinical manifestations beyond thrombosis, especially neurologic and hematologic in nature, will be
discussed. We will also consider what unique implications antiphospholipid antibody-positivity may.
have for children with lupus and for neonates born to mothers with APS. The approach to treat-
ment will be covered, including the unique impact of APS medications on children as compared with
adults. Finally, the importance of future mechanistic research is emphasized as physicians endeavor
to provide the personalized care that children with APS clearly deserve.

Keywords: Antiphospholipid syndrome, antiphospholipid antibodies, catastrophic antiphospholipid
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Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized by an increased risk of
thrombotic events and pregnancy morbidity in the setting of persistently positive antiphospholipid anti-
bodies (aPL) (1). The concept of “pediatric APS"is typically applied when the disorder occurs in individuals
under the age of 18 years, although some researchers might consider ages such as 16 and 21 as alternative
cutoffs (2). For research purposes, formal classification of APS will typically utilize the updated Sapporo
criteria (developed in 2006 and sometimes referred to as the Sydney criteria), which require the presence
of at least one clinical event and one durably-positive (over at least 12 weeks) laboratory test (3). Clinical
events that fulfill the criteria include proven vascular thrombosis in arteries, veins, or small vessels, and
certain types of pregnancy morbidity. The laboratory criteria may be met by a positive lupus anticoagulant
(a functional assay that screens for aPL), anticardiolipin IgG or IgM in medium or high titer (>40 GPL/MPL or
>99" percentile), or anti-beta-2 glycoprotein | (3,GPI) IgG or IgM in titer >99™ percentile (Table 1).

The updated Sapporo criteria were developed with adults in mind, and there are no specific criteria for
pediatric APS. As will be discussed in more detail below, potential limitations of these criteria in children
include the fact that most individuals under the age of 18 will not have experienced pregnancy (and there-
fore have no opportunity to meet that aspect of the criteria), as well as that certain neurologic and he-
matologic manifestations of APS (chorea, thrombocytopenia, etc.) that are not part of the criteria may be
particularly common in children.

Pathogenesis

The pathophysiology of APS remains incompletely understood with aberrations identified in endothelial
cells, platelets, monocytes, neutrophils, and the complement cascade (4). The inflammatory potential of
APS is highlighted by placental pathology, which demonstrates vasculopathy, infiltration of inflammatory
cells, and complement deposition (5-7). Further emphasizing the inflammatory nature of the disease, anti-
coagulant medications are not universally protective against additional thrombotic events, and do little to
mitigate “extra-criteria” manifestations of the disease such as thrombocytopenia, heart valve dysfunction,
and leg ulcers (4).

Pathogenic antibodies in APS do not typically target phospholipids themselves, but rather phospholip-
id-binding proteins such as 3,GPI and prothrombin—which have the potential to promote cellular activa-
tion when cross-linked by aPL (4, 8-10). Beyond these autoantigens, a number of cell-surface cofactors have
been implicated in cellular activation by aPL, including annexin A2, apolipoprotein E receptor 2 (ApoER2),
Toll-like receptor 2 (TLR2), and TLR4, among others (4, 11). Furthermore, myriad downstream pathways that
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Table 1. Classification criteria for antiphospholipid syndrome (3). APS is present if at least one of
the clinical criteria and one of the laboratory criteria are met.

Clinical criteria Vascular thrombosis

=1 clinical episode of arterial, venous, or small-vessel

thrombosis

Pregnancy morbidity

a) =1 unexplained death of a morphologically normal

fetus at =10 weeks of gestation

b) =1 premature delivery of a morphologically normal
fetus at <34 weeks’ gestation because of:

i) Severe preeclampsia or eclampsia defined according to
standard definition

ii) Recognized features of placental insufficiency

¢) =3 unexplained consecutive miscarriages at <10 weeks
gestation, with maternal and paternal factors (anatomic,
hormonal or chromosomal abnormalities) excluded

Laboratory criteria

The presence of antiphospholipid antibodies on =2

occasions =12 weeks apart

a) Presence of lupus anticoagulant in plasma

b) Medium- to high-titer anticardiolipin antibodies of IgG
or IgM isoforms

¢) Medium- to high-titer anti-beta-2 glycoprotein | (anti-
2GPI) antibodies of IgG or IgM isoforms

o Antiphospholipid syndrome (APS) is an
autoimmune thromboinflammatory
disease that classically manifests with
large-vessel thrombosis, thrombotic mi-
croangiopathy, and obstetric complica-
tions.

o APS may affect children from neonates
to adolescents, and is likely underdiag-
nosed given that widely-used classifica-
tion criteria were designed for adults.

e Beyond thrombosis, children with APS
may have additional “non-criteria” man-
ifestations of the disease including he-
matologic and neurologic abnormalities;
at the same time, some children may
have positive antibody testing but no
clinical manifestations.

e Antiphospholipid antibodies may be
transiently positive in children, especially
in the context of infections, and so con-
firmatory testing should always be per-
formed.

e Half or more of children with APS have
another autoimmune condition, most
often lupus.

e Treatment must take into account risk
stratification based on an individual’s
specific antibody profile, as well as other
factors such as personal behaviors and
risk of bleeding.

potentially amplify inflammation and throm-
bosis continue to be explored in APS. Some
interesting examples include TLR7-mediated
paracrine signaling by endothelial cells (12),
B,GPl-specific T cells that promote cell death
in atherosclerotic plaques (13), interferon-me-
diated dysfunction of circulating endothelial
progenitors (14), exuberant endosomal reac-
tive oxygen species formation in monocytes
(4, 15), release of prothrombotic neutrophil ex-
tracellular traps (NETs) by neutrophils (16, 17),
and complement activation on the surface of
endothelial cells and other cell types (4).

Are there features of pathogenesis specific to
pediatric APS? At the present time, we do not
know enough about the pathophysiology of
APS in children to delineate how it differs from
the adult disease. We can, however, say that
children with APS typically lack many throm-
botic risk factors seen in adults such as hyper-
tension, hyperlipidemia, obesity, and tobacco
exposure—suggesting that the molecular
drivers of APS in children may be particularly
severe in order to break through natural anti-
thrombotic mechanisms and thereby trigger
events. The genetic basis of APS has been ex-
plored in familial and non-familial cases with
consistent associations found with certain
human leukocyte antigen (HLA) DR and DQ
haplotypes, and in other genes commonly as-
sociated with autoimmunity such as STAT4 (18,
19); the extent to which pediatric APS may be
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associated with a higher burden of genetic risk
factors than the adult disease remains unstud-
ied. Given how much has been learned about
conditions such as lupus by study of pediatric
cases (20), it would seem that further charac-
terization of the genetic and molecular sig-
natures that define pediatric APS should be a
high priority for the APS research community.

Epidemiology and demographics

The epidemiology of APS in the pediatric pop-
ulation is largely undefined. While thought of
as a rare diagnosis, it is certainly possible that
pediatric APS is instead underdiagnosed, es-
pecially in the absence of pediatric-specific
classification or diagnostic criteria. The largest
reported case series is the Ped-APS Registry
of 121 children from 14 countries—an ambi-
tious international collaboration coordinated
by the European Forum on Antiphospholipid
Antibodies and Juvenile Systemic Lupus Ery-
thematosus Working Group of the Paediatric
Rheumatology European Society and assem-
bled between 2004 and 2007 (21). The cohort
had a mean age of APS onset of 10.7 years,
and included children ranging from neonates
to adolescents (21). Indeed, in other smaller
case series of children with APS, the mean age
has typically been similar with a range of 9 to
14 years (8, 22-26). Overall, the breakdown of
children by sex is split nearly evenly between
males and females at a ratio of 1:1.2 (25). That
ratio is much less striking than in adults where
the ratio of males to females has been estimat-
ed at 1:5—likely related to the strong female
predominance of lupus-related cases (which
stands in contrast to pre-adolescents with lu-
pus where the ratio is essentially 1:1) (18, 21,
25,27, 28).

Primary versus secondary APS

APS can occur in isolation as so-called “pri-
mary APS” or in conjunction with another
autoimmune condition, in which case it is re-
ferred to as secondary APS. While secondary
APS is classically associated with lupus, other
conditions may also associate with APS as
discussed below. In the aforementioned Ped-
APS Registry, 60 cases (49.5%) were consid-
ered primary APS, 60 (49.5%) were associated
with a second autoimmune condition, and
one (1.0%) was associated with malignancy
(21). Of the 60 cases associated with a sec-
ond autoimmune condition, there were 46
cases of lupus (76.7%), 4 of lupus-like disease
(7.7%), 4 of autoimmune thyroiditis (7.7%), 2
of rheumatic fever (3.3%), and 1 each (1.7%)
of immune thrombocytopenic purpura, he-
molytic-uremic syndrome, pauci-immune glo-
merulonephritis, and Behcet's disease (21). As
compared with these secondary cases, primary
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Table 2. Potential non-thrombotic
manifestations of APS reported in children

Hematologic ~ Thrombocytopenia
Autoimmune hemolytic anemia
Evans syndrome

Leukopenia

Bleeding diathesis (e.qg., lupus
anticoagulant-
hypoprothrombinemia
syndrome)

Neurologic Migraine headache
Chorealathetosis
Seizures/epilepsy
Pseudotumor cerebri
Mood disorder
Transverse myelitis
Cognitive impairment
Ocular ischemia
Stroke/TIA
Dermatologic  Livedo reticularis
Raynaud’s phenomenon
Purpura fulminans

Skin ulcers

Pseudovasculitic lesions

Chronic urticaria

Cardiac Valvular disease
Myocardial infarction
Pulmonary Pulmonary hypertension
Interstitial fibrosis
Renal Thrombotic microangiopathy
Antiphospholipid nephropathy
Endocrine Adrenal insufficiency (secondary

to adrenal infarction)

APS was characterized by younger age, more
male predominance, more ischemic strokes,
more arterial thrombosis overall, less venous
thrombosis, fewer hematologic disorders, and
fewer skin disorders (21). In another large case
series of 58 children in China, only 24% were
primary APS, and 69% of cases were secondary
to lupus (8). The proportion of primary relative
to secondary APS may be somewhat lower in
children as compared with adults—in whom
well over half of APS cases are primary in most
series (18, 29). Although clearly requiring ad-

ditional study, it has also been suggested that
there may be a somewhat higher rate of pro-
gression from primary APS to secondary APS in
children as compared with adults. For example,
in one series, 3/14 (21%) children with primary
APS progressed to lupus or lupus-like disease
during six years of follow-up, as compared with
17/128 (13%) adults (30, 31).

Clinical features

What are the most common thrombotic manifes-
tations in children with APS? As discussed above,
the cardinal feature of pediatric APS is vascular
thrombosis, as pregnancy morbidity has only
rarely been described for children with APS
in the literature. Again referencing the Ped-
APS Registry of 121 cases, the most common
presenting feature was venous thrombosis in
60% of children (21). Lower-limb deep venous
thrombosis (DVT) was the most common sin-
gle form of thrombotic event (40%), which was
also the most common event (37%) in the large
case series from China (8, 21). The other venous
thrombotic events that affected more than
one child were cerebral venous sinus throm-
bosis (7%), portal vein thrombosis (3%), upper
extremity DVT (2%), superficial vein throm-
bosis (2%), and left atrial thrombus formation
(2%) (21). There were also rare forms of venous
thrombosis described in just a single child in-
cluding involvement of the jugular vein, inferior
vena cava, renal vein, and retinal vein (21). Ar-
terial thrombosis affected 32% of children, with
ischemic stroke as by far the most common in
this category (79% of arterial events) (21). Other
rare forms of arterial thrombosis were peripher-
al artery thrombosis, retinal artery thrombosis,
myocardial infarction (MI), renal artery throm-
bosis, and splenic infarction (21). Interestingly,
just 2% of children demonstrated a mixture of
arterial and venous thrombosis (21). Small-ves-
sel thrombosis in the form of digital ischemia
or renal thrombotic microangiopathy affected
approximately 6% of children (21).

What is known about catastrophic APS in chil-
dren? Catastrophic APS (CAPS) is a life-threat-
ening complication of APS typically character-
ized by precipitous, widespread microvascular
occlusions placing organs such as heart, lungs,
and kidneys at significant risk. CAPS was fatal
in 26% of the 45 children described in the larg-
est case series to date (32). With a mean age
of 11.5 years, 71% of the children with CAPS
were female, while approximately two-thirds
had primary APS (32). As compared with adults
with CAPS in the same patient registry, the two
most striking differences were an increased
association with infection as the precipitator
in children (60.9% versus 26.8% in adults) and
the fact that for those children diagnosed with
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CAPS, it was the first manifestation of APS 87%
of the time (versus less than half the time in
adults) (32). The latter emphasizes the need for
education of the general pediatrics communi-
ty to consider APS when a child presents with
infection and multiple-organ dysfunction.

Are children with APS at risk for other manifesta-
tions beyond thrombosis? APS is increasingly be-
ing recognized as a truly systemic autoimmune
disease with manifestations that extend beyond
the thrombotic and pregnancy-related events
highlighted by the updated Sapporo criteria
(3, 33). In the Ped-APS Registry, 16% of children
had nonthrombotic neurologic manifestations
including migraine headache, chorea/athetosis,
epilepsy, pseudotumor cerebri, and mood dis-
order (21). Other neurologic features that have
been described in children with APS include
transverse myelitis and cognitive impairment
(18, 26, 34, 35). Nonthrombotic hematologic
abnormalities are also commonly appreciated
in children with APS (38% of Ped-APS Registry
cases) including Evans syndrome (typically the
combination of thrombocytopenia and autoim-
mune hemolytic anemia), isolated thrombocy-
topenia, isolated autoimmune hemolytic ane-
mia, leukopenia, and even bleeding diatheses
such as the lupus anticoagulant-hypoprothrom-
binemia syndrome (which will be discussed in
more detail in the lupus section below) (21, 36,
37). The Ped-APS Registry also reported skin
disorders as occurring in 18% of cases. Some
examples include livedo reticularis, Raynaud’s
phenomenon, skin ulcers, pseudovasculitic
lesions, and chronic urticaria (21); purpura ful-
minans has been reported in other series (18,
24). Elsewhere in the literature, other clinical
manifestations have been reported including
cardiac manifestations (especially valvular dis-
ease), kidney disease including end-stage renal
disease secondary to thrombotic microangiop-
athy, primary adrenal insufficiency secondary to
adrenal infarction, and pulmonary disease (18,
38-42). One interesting series described 16 cases
of pediatric APS in which bilateral adrenal infarc-
tion led to primary adrenal insufficiency (18, 38).
With regards to pulmonary disease, pulmonary
fibrosis has been reported, largely in children
with lupus, while pulmonary hypertension may
also develop secondary to chronic vaso-oc-
clusive disease (18, 39, 43). Some examples of
non-thrombotic manifestations of pediatric APS
are highlighted in Table 2.

Laboratory testing

The laboratory criteria as described in the up-
dated Sapporo criteria are typically applied to
children in the same fashion as for adults—al-
though it is not clear that the normal ranges
can be applied with the same sensitivity and
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Table 3. Studies investigating the prevalence of antiphospholipid antibodies among children

with lupus
aPL prevalence

anticardiolipin anti-B2GPI lupus
Reference, Year Study population 1gG/IgM 1gG/IgM anticoagulant
Ahluwalia (58), 2014 27 70.4% 27.3% 42.9%
Descloux (57), 2008 56 49% ND 35%
Berube (59), 1998 59 27% ND 24%
Campos (43), 2003 57 70.2% ND 29.1%
Ravelli (64), 1994 30 87% ND 20%
Seaman (65), 1994 29 66% ND 62%
Von Scheven (66), 2002 57 53% 48% 23%
Molta (62), 1994 37 19% ND 11%
Levy (60), 2003 149 39% ND 16%

ND=not determined

Table 4. Studies investigating annual thrombosis incidence rate in aPL-positive children with

lupus

Reference Study Design

Annual Thrombosis Incidence Rate (ATIR)

Ahluwalia (58)  Longitudinal observation of

14 children with any aPL

Descloux (57)  Longitudinal observation of 30
children with lupus anticoagulant
and/or anticardiolipin 1gG/IgM

Levy (60) Longitudinal observation of 24

children with lupus anticoagulant
and 54 children with
anticardiolipin 1gG/IgM

specificity in children (18). As part of the SHARE
initiative (Single Hub and Access point for pae-
diatric Rheumatology in Europe, an effort to
develop diagnostic and management regimens
for children with rheumatic diseases), the rec-
ommendation regarding pediatric APS with
the strongest evidence (level 2A/B) was that
the following tests should be performed when
considering a pediatric APS diagnosis: lupus
anticoagulant, anticardiolipin 1gG and IgM, and
anti-B,GPl1gG and IgM (44). In reviewing the lab
tests from the Ped-APS registry, there was a high-
er frequency of lupus anticoagulant detection in
children as compared with adults (54% versus
40%), but similar frequencies of anticardiolipin
and anti-B,GPI (21). In children, it is also import-
ant to note that there may be an especially high
prevalence of transiently-positive aPL testing in
the absence of any features of APS, most likely

3 children developed thrombosis with
a mean follow up of 7 years. The estimated
ATIR was 3.1%.

14 children developed thrombosis with
amean follow up of 7.1 years. The estimated
ATIR was 6.6%.

13 of 24 lupus anticoagulant-positive

and 12 of 54 anticardiolipin-positive
children developed thrombosis with a follow
up of 10 years. The estimated ATIR was
5.4% and 2.2%, respectively, among lupus
anticoagulant-positive and anticardiolipin-
positive children.

related to infectious exposures (45-48). For ex-
ample, in a study of 88 children with upper air-
way infections, 30% had positive anticardiolipin
antibodies (45). Transient aPL positivity has also
been reported in the setting of varicella, Strep-
tococcal infections, hepatitis B vaccination, and
even upon exposure to nutritional antigens in
children with atopic dermatitis (45, 48, 49). Ad-
ditionally, up to 25% of asymptomatic, healthy
children may test positive for low levels of aPL
(50-54). Thus, repeat testing is always recom-
mended to confirm durable positivity.

What are the implications of detecting antiphos-
pholipid antibodies in children with lupus?

What is the prevalence of aPL among children
with lupus? The prevalence of aPL positivity
among adults with lupus has typically been
described as ranging from 30% to 40% (55).
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The prevalence in children with lupus may be
significantly higher, with a number of studies
suggesting rates above 50% (43, 56-66) (Table
3). When traditional categories of aPL are inves-
tigated individually, the prevalence of positive
anticardiolipin antibodies varies between 19%
and 87% (62, 64), positive anti-B,GPI between
27.3% and 48% (58, 66), and positive lupus an-
ticoagulant between 11% and 62% (62, 65) (Ta-
ble 3). Based on data available to date (which
are admittedly quite limited for anti-B,GPI)
anticardiolipin antibodies appear to have the
highest prevalence among children with lupus.

Among aPL-positive children with lupus, what is
the incident thrombosis rate? Thrombosis is mul-
tifactorial, and the mechanisms of aPL-induced
thrombosis in lupus remain incompletely un-
derstood. Furthermore, long-term prospec-
tive observational studies of aPL-positive chil-
dren with lupus are scarce, making the risk of
thrombosis for an individual child very difficult
to estimate. Here we will summarize three pro-
spective observational studies of aPL-positive
children with lupus (Table 4). One seven-year
prospective study of 14 aPL-positive children
with lupus demonstrated an annual risk of
thrombotic events of 3.1% (58). A second
larger study followed 30 children with lupus
and either positive anticardiolipin IgG/IgM or
lupus anticoagulant over a mean 7.1 years of
follow-up and found annual thrombosis in-
cidence to be 6.6% (57). Finally, a third study
observed 24 children with lupus anticoagulant
and 54 with anticardiolipin IgG/IgM (all 78 met
standard criteria for pediatric lupus) over 10
years and found an annual thrombosis inci-
dence of 5.4% for lupus anticoagulant carriers
and 2.2% for anticardiolipin carriers (60). These
studies were all obviously limited by their rel-
atively small sample size, as well as heteroge-
neity in terms of aPL profile assessment. The
studies were also not designed to account for
potentially prophylactic medications (aspirin,
hydroxychloroquine), lupus disease activity,
or coexisting non-aPL thrombotic risk factors
(such as deficiency of protein C or S, factor V
Leiden, increased factor VIII level, indwelling
central venous catheter, surgery, or malignan-
cy), all of which may contribute to incident
rates of thrombosis.

It should also be noted that a cross-sectional
analysis of 979 children with lupus from the
Childhood Arthritis and Rheumatology Re-
search Alliance (CARRA) registry demonstrated
that apart from positive aPL, the presence of
vasculitis and avascular necrosis were indepen-
dent risk factors for incident thrombosis (67). In
summary, the limited data available to date
suggest an annual risk of thrombosis on the
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order of 2 to 6% in aPL-positive children with
lupus. Lupus anticoagulant-positive children
may carry the highest risk, although more data
are clearly needed in the area of individual risk
stratification.

How might aPL impact clinical manifestations
in children with lupus? The presence of aPL is
likely the most important risk factor for arte-
rial and venous thrombosis among children
with lupus. The cross-sectional cohort study of
979 children with lupus from the CARRA reg-
istry demonstrated an overall prevalence of
arterial and venous thrombosis (independent
of aPL status) of 2.5% and 3.6%, respectively.
Importantly, the presence of any aPL signifi-
cantly heightened overall thrombosis risk
(OR=2.95, 95% (I=1.38-6.28, p=0.0052) (67).
Another study, a 10-year observation of 149
children with lupus, demonstrated an overall
thrombosis incidence of 54% among lupus an-
ticoagulant-positive children and 22% among
anticardiolipin-positive children (60). A final
noteworthy study, a cross-sectional cohort
study of 58 children with lupus, found that any
positive aPL [anticardiolipin IgG/IgM (OR=15.7,
95% Cl=2.5-97, p=0.003), anti-B,GPI IgG/IgM
(OR=22, 95% Cl=2.3-207, p=0.002), or lupus
anticoagulant (OR=ee, 95% Cl=6-c¢, p<0.001)]
was significantly associated with thrombotic
events, with lupus anticoagulant as the stron-
gest predictor (68).

Potential neurologic manifestations of lupus—
including headache, psychosis, cognitive
dysfunction, cerebrovascular disease, seizure,
mood disorder, chorea, and transverse myeli-
tis—have been reported as more common in
children with lupus as compared with adults
(potentially affecting 25% to 75% of such chil-
dren) (69-72). Among those manifestations,
aPL correlate most strongly with cerebro-
vascular disease (i.e, stroke) (66, 73-75) and
chorea (76-78). For example, a relatively large
prospective observation of 137 children with
lupus (mean follow-up of 31 months) demon-
strated that persistent presence of lupus an-
ticoagulant was significantly associated with
both cerebrovascular disease and chorea (79);
anti-B,GPI1gG/IgM was also somewhat predic-
tive of neurologic manifestations (79). Another
retrospective cohort study of 106 children with
lupus showed a statistically significant, albeit
modest, association between either anticardi-
olipin IgM or lupus anticoagulant and various
neurologic manifestations (75).

It is well established that aPL-positive adults
with lupus carry an elevated risk of non-throm-
botic hematologic manifestations such as
thrombocytopenia and autoimmune hemo-

lytic anemia (80). The relationship between aPL
and hematologic manifestations has also been
suggested for children with lupus, primarily in
the form of case reports and case series (43, 64,
65, 81). One unique hematologic complication
of aPL-positivity that is most often seen in chil-
dren is the so-called lupus anticoagulant-hy-
poprothrombinemia syndrome (LAHPS) (37,
82, 83). LAHPS is characterized by a positive
lupus anticoagulant test and also prolongation
of both prothrombin time (PT) and activated
partial thromboplastin time (aPTT); the latter
are attributable to depletion of factor Il levels
triggered by “non-criteria aPL"in the form of an-
ti-prothrombin antibodies (37, 82, 83). Children
who have lupus complicated by LAHPS are at
high risk of bleeding, as well as life-threatening
complications such as disseminated intravas-
cular coagulation (37, 82).

In summary, beyond the well-established risk
of thrombotic events associated with aPL,
these antibodies also appear to increase risk of
neurologic and hematologic complications in
children with lupus.

Does aPL positivity impact lupus disease activity
and prognosis? As compared with adults with
lupus, children with lupus tend to have more
active disease both at the time of diagnosis
and during long-term follow-up (84). For ex-
ample, one study that compared 67 children to
131 adults found the Systemic Lupus Erythe-
matosus Disease Activity Index (SLEDAI) to be
significantly higher among children with lupus
as compared with adults, both at presentation
(16.8 versus 9.3, p<0.0001) and on average
over three years of follow-up (5.7 versus 4.6,
p=0.012) (85). Furthermore, in both adults and
children, aPL positivity is an important risk fac-
tor for acquiring organ damage over time (57,
85-87). For example, a prospective study of 56
children with lupus found that that aPL-positive
children had a three-fold higher risk of organ
damage as assessed by SLICC/ACR Damage In-
dex (SDI) (57). Another prospective study of 67
children with lupus found that even when nor-
malizing for cumulative disease activity over
time, the presence of aPL added value in pre-
dicting children at risk for more disease-related
damage (85). In summary, the presence of aPL
appears to herald more aggressive forms of
lupus and predicts the development of more
lupus-related damage over time.

Do maternal antiphospholipid antibodies confer
increased risk of neonatal APS?

While thrombotic episodes (especially strokes)
have been described in neonates born to
mothers with APS, a review of 16 such cases
found that the majority (9/14 that could be
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evaluated, or 64%) were associated with other
prothrombotic risk factors beyond aPL—either
prenatal (preeclampsia, intra-uterine growth
retardation) or perinatal (asphyxia, sepsis, ar-
terial or venous catheter, congenital thrombo-
philia) (88). When the issue has been assessed
prospectively, the findings have been relatively
reassuring. One study followed 134 neonates
born to mothers with APS over a five-year pe-
riod (89). Anticardiolipin and anti-B,GPI were
regularly detected in newborns and, when
present, matched the mother’s antibody pro-
file (89). Most of these antibodies cleared
within six months of birth, although some per-
sisted to 24 months (89). Notably, of the 134
children born to mothers with APS, there were
no cases of neonatal thrombosis or lupus (89).
At this point, it is also worth noting that stroke
has been described in neonates in whom their
positive aPL showed no concordance with
presence of maternal aPL. In one series of 12
such children, 10/12 had aPL levels decrease
to the normal range within 2.5 years, and none
of the infants showed recurrent thrombosis or
any other APS manifestations, despite variable
use of anticoagulation (90). The issue of neo-
natal stroke and its relationship to positive aPL
in both mother and child is clearly an area that
warrants further investigation.

Returning to the large series of 134 children
born to mothers with APS, four children (3%)
had impaired neuropsychological develop-
ment, but only two had positive aPL (inter-
estingly, neither had aPL at birth but instead
became positive later in life, making it unclear
whether these features were related to the
mother’s APS) (89). To address the question
from a different perspective, a retrospective
study compared children of women with APS
to children of women with lupus. The study
found no episodes of thrombosis, although
3/26 children of women with APS (11.5%) later
developed autism, all of whom had persistent-
ly-positive anti-B,GPI (91); there were no such
episodes in the lupus group. The authors sug-
gested that neurodevelopmental screening
and long-term follow up may be indicated in
these children and emphasized the need for
further study in larger cohorts (91). Another in-
teresting study characterized 40 children born
to mothers who had positive aPL in the third
trimester (a combination of women with APS,
lupus, and undifferentiated connective tissue
disease) with detailed neurological testing
including a physical exam, cognitive testing,
and behavioral questionnaires (92). While all
children had normal physical exams, cognitive
impairment (7%), learning disabilities (19%),
and epilepsy (10%) were identified (92). The
authors suggested that physicians consider
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counseling their patients on these possible
risks so that children can be identified and
referred to specialists early. The authors also
highlighted an experimental mouse model
suggesting that maternal hydroxychloroquine
use may prevent complement deposition in
the developing neural structures of the fetus
(92,93), a concept that could be pursued in the
future as part of a trial protocol.

Approach to treatment

In general, data specific to pediatric APS are
quite limited. Most concepts are derived from
small observational studies, extrapolation from
adult data, or expert opinion.

Prevention of Thrombosis. When aPL are identi-
flied prior to a thrombotic event (this is most
likely to happen in the context of lupus), some
would advocate for the use of low-dose aspirin
as primary prevention (44, 94-96)—although
acknowledging that any rule that does not
consider both the specific antibody profile
(for example, a single positive test versus so-
called “triple positivity”) and other thrombotic
or bleeding risk factors is likely to be overly
simplistic. In aPL-positive children with lupus,
hydroxychloroquine will almost always be em-
ployed, which may provide some adjunctive
properties for prevention of APS complications
as well (44, 97). Overall, this is an area that clear-
ly needs more research and no evidence-based
recommendations for how to approach these
children can be made at this time.

Treatment ~after Thrombosis. \With venous
thrombosis and persistently-positive aPL, the
current recommendation is for treatment with
long-term anticoagulation (44). There is no
difference in the acute treatment of throm-
bosis attributable to APS as compared with
other causes. Initial treatment in the acute
setting consists of anticoagulation with either
low-molecular-weight heparin (most common
in current clinical practice) or unfractionat-
ed heparin. There is experience using either
preparation in the treatment of acute venous
thromboembolism in children (98-100). Chil-
dren are most often transitioned to a vitamin
K antagonist such as warfarin for long-term
anticoagulation. The goal INR should typically
be 2-3 following the first venous thrombot-
ic event, as higher INR targets have not been
shown to reduce recurrence and have addi-
tional bleeding risks in adult studies (101, 102).
In arterial thrombosis, there may be additional
benefit with regards to secondary prevention
of recurrence by adding anti-aggregation ther-
apy such as low-dose aspirin (44). For example,
a small study of seven children with aPL and
acute cerebral infarction with follow-up of 15.7

months demonstrated no recurrent events on
aspirin (103). If there is a recurrent thrombotic
event while a child is on long-term anticoag-
ulation with a vitamin K antagonist, then ad-
ditional options include changing the target
INR to 3-4 or considering an alternate thera-
py, particularly low-molecular-weight heparin
(44). It should be emphasized that such recom-
mendations come from retrospective studies
in adults and therefore may be limited in their
ability to guide pediatric care.

At this time, direct oral anticoagulants (DO-
ACs) should probably be avoided (especially
as first-line therapy) pending more data. For
example, a recent randomized clinical trial of
rivaroxaban versus warfarin in adults with APS
(all with “triple-positivity”) was halted early due
to excessive arterial thrombotic events in the
rivaroxaban arm (104). A second randomized
study of rivaroxaban versus warfarin in adults
with APS focused on individuals with history
of venous thrombosis only and with lower-risk
aPL profiles (105). While no thrombotic events
were observed over the six months of the trial,
the endogenous thrombin potential in sub-
jects treated with rivaroxaban did not reach
the non-inferiority threshold, which was the
primary endpoint of the study (105). Still, in the
most recent EULAR recommendations regard-
ing APS treatment in adults, a panel conclud-
ed that DOACs may be considered in non-tri-
ple-positive patients having difficulty reaching
INR goals despite compliance on a vitamin K
antagonist, or in those with contraindications
to a vitamin K antagonist (106). The hope is
that additional data will clarify this issue in the
coming vyears. Finally, there is no evidence to
support the regular use of immunomodulato-
ry treatment in primary APS, although some
ongoing protocols are prospectively assessing
hydroxychloroquine in this context for adults
(107).

Treatment of CAPS. The general approach to
treatment of pediatric CAPS includes antico-
agulation and immunosuppression. The CAPS
task force recommends initial use of anticoag-
ulation and corticosteroids, with strong con-
sideration for plasmapheresis and/or intrave-
nous immunoglobulin (IVIG) (108). The SHARE
initiative recommends immediate combina-
tion therapy with anticoagulants, corticoste-
roids, and plasma exchange with or without
IVIG (44). In analyzing 250 adult and pediatric
patients in the CAPS registry for prognostic fac-
tors, a higher rate of recovery was found in in-
dividuals who used a combination of anticoag-
ulation, corticosteroids, and plasma exchange
compared to those using only anticoagulation
and corticosteroids; no benefit was demon-
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strated by the use of cyclophosphamide (109,
110). When 45 children in the CAPS registry
were analyzed separately, there was increased
use of multiple treatments (anticoagulation,
corticosteroids, plasma exchange and/or IVIG)
in the children who survived (8/33) compared
to those who died (0/12), but the difference
was not statistically significant (p=0.087) (111).
Other immunosuppressive therapies may be
considered, especially rituximab. In the CAPS
registry, 20 patients received rituximab as first
or second-line therapy, and 16 survived; none
had thrombosis after treatment (110, 112). In
a review of pediatric CAPS cases, four children
were identified who received rituximab, and
all recovered (110). Eculizumab has also been
reported as effective in several case reports
where it was used in individuals with recurrent
thrombosis despite rituximab therapy (110,
113-116). Finally, because there is so often an
underlying infection in pediatric CAPS, control
of the infection or other inciting event is criti-
cally important (110).

Additional considerations in children with APS.
There are some children for whom the gener-
al recommendations may not be appropriate.
For example, when considering prophylac-
tic aspirin use in asymptomatic children, one
must also weigh bleeding risks especially with
childhood activities including play and out-
door activities such as contact sports; as such,
some experts would not advocate for the use
of aspirin in these situations at least until pu-
berty (22, 100). In secondary prevention when
on anticoagulation, additional counseling is
required with children and families regarding
particularly risky behaviors that would place
them at high risk for bleeding. This is particu-
larly important in adolescents who may be less
adherent with treatment than adults. If consid-
ering between low-molecular-weight heparin
and an oral therapy, considerations must be
given to the child’s ability to tolerate injections,
the likelihood of a missed dose while on a me-
diation with a shorter half-life such as low-mo-
lecular-weight heparin, use of alcohol which
could interfere with warfarin, and the ability to
complete recommended lab monitoring (18).
In the rare cases of neonatal APS, one must also
consider that there are particular differences in
the neonatal coagulation system that may play
arole in the increased risk for the development
of thromboembolic events; these risk factors
include decreased plasminogen, decreased
coagulation factors, decreased platelet aggre-
gation, lower levels of protein C and S, and rel-
ative vitamin K deficiency (100, 116). For exam-
ple, protein C and S are at levels about 35% of
the adult values (117). In these especially rare
cases, care should be coordinated with Neo-
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natology and Hematology in tertiary centers.
Along similar lines, there may be higher rates
of complications with therapeutic plasma ex-
change in children compared to adults, and so
again, treatment should ideally be delivered at
specialized centers (110, 118).

Summary

Despite its potential to drive significant mor-
bidity in children, pediatric APS is an under-
studied condition. Available classification
criteria have been tailored to adults, and the
future development of pediatric-specific crite-
ria is clearly indicated. Pediatric APS, probably
even more commonly than for adults, regularly
associates with various neurologic and hema-
tologic manifestations (chorea, thrombocyto-
penia, etc.)—both in the context of lupus and
in children with primary APS. Relatively unique
presentations that the pediatrician should be
aware of include the potential for CAPS as a first
manifestation of APS (especially in the context
of infection) and the bleeding diathesis known
as LAHPS—an interesting condition that is
rarely seen in adults with APS. Areas clearly in
need of more study include how to best apply
aPL-related lab testing to children with APS, an
overall better understanding of the molecular
signatures that define and drive the disease,
and how to specifically treat children with APS
or asymptomatic but persistently positive aPL.
Committing a child to life-long anticoagulation
is far from ideal, and more precise instruments
for predicting risk and defining prognosis are
clearly needed.
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