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Antiphospholipid syndrome (APS) is a rare autoimmune disease of unknown etiology that

represents a leading cause of acquired thromboembolism and recurrent miscarriage.

It is characterized by the persistent elevated presence of pathogenic antiphospholipid

auto-antibodies directed against cardiolipin, ß2-glycoprotein-I, and/or a positive lupus

anticoagulant test. As with many autoimmune disorders, the pathogenesis of APS is

believed to be the result of a complex interaction between environmental triggers and

genetic predisposition. Although more common in adults, APS occasionally manifests in

the neonatal period and throughout childhood. Adut-onset APS classification criteria are

poorly validated to the pediatric population (in which pregnancy related complications are

seldom seen) and as a result, assessment of the prevalence of the disease in childhood

is difficult. Thromboembolic events seen in children include deep venous thrombosis

in addition to stroke and pulmonary embolism, which can lead to significant long-term

disability. The disease can be classified as either primary (when occurring in isolation)

or secondary, in which the disease is diagnosed in the context of another underlying

disease, most commonly systemic lupus erythematosus. A variety of laboratory and

clinical difference are seen between pediatric and adult-onset APS. The marked female

predominance seen in adult-onset disease is less evident in childhood where the

gender split is more evenly spread. In addition, children with APS are at a higher risk

of recurrent thromboembolism than adults. The treatment of childhood-onset APS is

challenging due to a lack of large-scale prospective studies in the pediatric population.

Therapeutic options are often based upon treatment guidelines that have been based

upon literature from the adult-onset form of the disease. In the majority of cases,

treatment is focused on the prevention of further thrombosis through treatment with

long-term anti-coagulation therapy. The evidence for the use of antiplatelet agents (such

as aspirin) and hydroxychloroquine is inconclusive. It is important to remember that

anti-coagulation can have significant lifestyle implications for the child with APS and it is

essential to consider potential implications relating to school and recreational activities,

with contact sports often discouraged due to the increased risk of bleeding.
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INTRODUCTION

Antiphospholipid syndrome (APS) is a rare autoimmune
disorder characterized by recurrent pregnancy morbidity (PM)
and vascular thrombosis (VT). It occurs in the presence of
persistent pathogenic antiphospholipid antibodies (aPL) (1).
These are a heterogenous group of antibodies directed against
glycoproteins (2). Standard testing of these antibodies in clinical
practice include detecting those directed against cardiolipin
(aCL) and/or ß2-glycoprotein-1 (ß2GPI) by enzyme-linked
immunosorbent assay (ELISA). In addition, a functional
coagulation assay is used to test for the presence of the
circulating lupus anticoagulant (LAC) (3). These antibodies
must be persistent, with classification criteria emphasizing the
importance of positive tests being repeated at an interval of no
>12 weeks (4). It is essential that a positive test is repeated as
a number of alternate conditions may result in a false positive
detection of aPL antibodies. This includes a variety of infections,
most classically syphilis (5). The diagnosis of APS may be
complicated further by the fact that no one single assay is able
to identify all pathogenic antibodies related to the disease (6).

The most common presentations of the disease are often
the result of PM and VT in adults. With regards to pregnancy
related symptoms, these more frequently present with recurrent
fetal loss. Less commonly the disease may be associated with
pre-eclampsia and pre-term delivery (7, 8). Vascular thrombotic
manifestations include both venous and arterial systems such as
deep vein thrombosis (DVT), pulmonary embolism (PE), stroke,
transient ischemic attack (TIA), and myocardial infarction
(MI) amongst the most frequently seen events in adults
(9, 10). Classical cutaneous manifestations including livedo
reticularis has long been associated with APS. Patients may
develop neurological symptoms including chorea and epilepsy.
Other than VT, other hematological manifestations such as
thrombocytopenia and hemolytic anemia are also commonly
seen in association with the disease (11, 12).

Although there are a number of features that are in common
with adult onset disease, there are numerous key differences
that are unique in the case of children who develop APS. PM
is often not applicable to the pediatric population and the
risk of VT is similarly lower than in adult populations, thus
making the diagnosis of APS in children challenging (13, 14).
Furthermore, decisions relating to anti-coagulant treatment in
young patients with the disease requires careful consideration
and have potentially significant effects on lifestyle of the child and
their family. In the context of pediatric-onset APS, there is a lack
of evidence relating to both treatment and long-term outcomes
with consensus drawn from a number of small studies and case
reports. Recommendations for treatment are often derived from
the study of the disease in larger adult populations (14).

PATHOGENESIS OF APS

Although the exact pathogenesis of APS is not fully understood,
significant advances have been made in recent years with regards
to gaining a greater understanding of the underlyingmechanisms
that drive the development of the disease. It is believed that a

combination of abnormalities in endothelial cells, monocytes and
complement play a key role the development of both PM and VT.
In terms of the pathogenesis of APS, the “two hit” hypothesis
is the most well described and widely accepted mechanism of
thrombus formation. This pathogenic principle is supported by
the fact that the clinical symptoms of VT and PM only occur
occasionally despite the persistent presence of aPL antibodies.
This importantly highlights that antibodies alone do not explain
the whole clinical picture. The so called “first hit” occurs as a
direct consequence of aPL antibodies, which results in activation
of platelets, monocytes, and endothelial cells. Furthermore,
aPL antibodies induce downregulation of naturally occurring
anticoagulants and impair fibrinolysis (15–18). This lowers
the threshold for developing a thrombotic event. The “second
hit” relates to an additional factor that further exacerbates
a pro-thrombotic state (for example inflammation), which in
combination with aPL antibodies ultimately induces thrombosis
(19). The theory of a “second hit” is further supported by recent
studies, which have implicated Toll Like Receptors (TLR) in
mediating the inflammatory response in the pathogenesis of APS
(20, 21). However, in the context of pediatric APS, there is a
notable absence of other classical pro-thrombotic risk factors
including both pathological states (such as hypertension) and
lifestyle related factors such as smoking. Therefore, this may
suggest that another key risk factor is present in the children
who develop the disease. Registry data suggests that the rates of
APS associated with malignancy (another pro-thrombotic state)
are significantly lower in patients with pediatric APS (<1% of
cases) when compared with adults with the disease, which can
be associated with solid organ malignancies (22, 23). This may
similarly suggest that the so-called “second hit” in childhood is
the result of an alternative mechanism or is acting via a different
pro-thrombotic state than is seen in adults with the disease.

It is obvious that thrombus formation is central to the
VT manifestations of APS but it should also be noted that
this has been implicated in the PM related complications of
the disease. The main mechanism associated with fetal loss
is suggested to be due to the result of thrombus formation
within the placental vasculature, which causes an impairment in
maternal-fetal blood exchange (24). In addition, in many cases
of PM related complications of APS, histological examination of
the placenta has demonstrated the presence of thrombosis and
infarction (25–27).

As with many autoimmune diseases, APS is believed to occur
as a result of a complex interaction of environmental and genetic
factors. It has been suggested that a loss immune tolerance
is induced by bacterial or viral antigens that contain similar
sequences to phospholipids and results in cross reactive T cells
(28, 29). In terms of the underlying genetic basis of APS, a
number of associations have been identified from studies in
both familial and non-familial cases of the disease. In particular,
human leukocyte antigen (HLA)-DR, and DQ haplotypes show
the most consistent association with the disease (30, 31). A
variety of loci have been implicated with a susceptibility for APS
including HLA-DR4, DR7, DR9, DR13, DR53, DQ6, DQ7, and
DQ8 major histocompatibility complex II (MHC II) alleles (32).
Animal studies further support a genetic basis to the disease
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with MHC II identified as being vital for producing aPL after
immunization with ß2GPI (33). Several non-MHC genes have
been shown to increase the susceptibility for APS including IFR5
and STAT4 (34, 35).

DIAGNOSIS

The diagnosis of APS in childhood is often a challenge for
clinicians as young patients display a number of key difference
when compared with those who present with the disease in
adulthood. Given the lack of large prospective studies of the
disease in children it is difficult to estimate the prevalence of the
disease in this group with any certainty. In 2004, the pediatric
APS (Ped-APS) registry was established as a collaborative project
between the European Forum of Antiphospholipid syndrome
and the Juvenile Systemic Lupus Erythematosus Working Group
of the Pediatric Rheumatology European Society (PReS). The
aim was to undertake global multicentered controlled studies
in a large group of young patients with APS. Results from the
international registry reviewing characteristics from 121 patients
with pediatric APS found the mean age of onset was 10.7 years,
with APS reported in neonates and throughout the adolescent
period (22). Cases of pediatric APS showed an even split between
males and females (1:1.2) (36). In adult-onset disease, there is a
female predominance quoted in the region of 1:5 (37). This is
similar to the data on systemic lupus erythematosus (SLE), in
which adult-onset disease shows a propensity to effect females
(1:9 males to females), whereas in pediatric and juvenile-onset
disease SLE the ratio is closer 1:5 and in the pre-adolescent
population closer to 1:1 (38).

Definitions and Classification Criteria
Pediatric APS is defined as the onset of APS in those under
the age of 18 years old (39). In both pediatric and adult-
onset APS, the disease can be defined as either primary or
secondary APS. Secondary APS refers to the state in which
the disease occurs in combination with another connective
tissue disease (CTD). Secondary APS in children is most
commonly associated with systemic lupus erythematosus (SLE)
(37). The disease has also been described in children with various
coexisting disorders including juvenile idiopathic arthritis
(JIA), juvenile dermatomyositis, Henoch-Schönlein purpura,
autoimmune thyroiditis, hemolytic-uremic syndrome, Behçet’s
disease, rheumatic fever and malignancy (22, 40–44).

In the absence of another disease the condition is defined
as primary APS. Although poorly defined between 38 and 50%
of cases of childhood-onset APS are said to be primary (22).
In comparison, primary APS in adults is said to account for
more than half of cases (45). The lower proportion of primary
APS seen in children may due to the low incidence of PM
seen in children, but may also be related to an ascertainment
bias if children without a known autoimmune disease are less
frequently investigated for aPL when presenting with a VT event.
Furthermore, a number of cases of primary pediatric APS are
later revised as secondary APS after a subsequent diagnosis of SLE
is made (36, 46). The proportion of patients who progress from
primary to secondary forms of the disease are said to be higher in

those who develop the disease during childhood when compared
with those who suffer from the adult form of the disease (46, 47).

The study of pediatric-onset APS is complicated by the
fact that the diagnostic criteria used in adults is not reliably
validated in children as a key feature relates to the occurrence
of PM. The updated Sapporo criteria for adult-onset APS
is defined in Table 1 (4). Currently there is no universally
accepted validated diagnostic criteria for pediatric APS. This
poses a variety of challenges in particular with regards to
conducting research and clinical trials. In 2016, the Single
Hub and Access point for pediatric Rheumatology in Europe
(SHARE) initiative highlighted that whilst the adult criteria
for APS were specific for pediatric-onset disease they lacked
sensitivity. Recommendations from the group presented at the
15th International Congress on Antiphospholipid Antibodies
suggested that new classification criteria are required for pediatric
APS and these should incorporate both thrombotic and non-
thrombotic manifestations of the disease (48).

Clinical Features
A number of small studies have found that the most common
presenting feature of pediatric APS is venous thrombosis in
particular those involving the lower limbs (predominantly in
the form of deep vein thrombosis) (22, 49). Arterial and
small vessel thrombosis are the next most commonly observed
manifestation (22). The cerebral circulation is the most common
site of arterial thrombosis, but it also occurs within the retinal,
coronary, hepatic andmesenteric circulation (50). Complications
of thrombosis, often in combination with Raynaud’s, can also
include digital ulceration. These are rarely seen in children and
so should raise suspicion of APS in any young patient presenting
with these symptoms. Recent data, including results from the
Ped-APS registry, has indicated that patients with pediatric APS
are at an increased risk of recurrent thrombosis when compared
with the adult-onset form of the disease (22, 51). Whether this is
related to a more severe pathogenic phenotype or issues related
to treatment such as adherence remain poorly understood.

Cerebral ischemia may occur as a result of cranial arterial
thrombosis resulting in stroke or TIA. Both of these are
extremely rare in childhood and therefore a diagnosis of APS
should be considered in all cases (52, 53). Interestingly, Ped-
APS registry data suggests that the incidence of cerebrovascular
events as a proportion of overall APS are said to be higher
in pediatric APS than in adults with the disease (22). Non-
thrombotic neurological symptoms can also be non-specific
and include migraine and headache (54). A wide variety of
additional features of central nervous system (CNS) related
APS symptoms include epilepsy, chorea and transverse myelitis
although unlike adults with APS, these have been reported
as isolated case reports and are less common manifestations
when compared to adult onset APS (14, 55, 56). In addition,
thrombosis can cause a variety of ocular disorders including
amaurosis fugax and ischemic retinopathy secondary central
retinal artery/venous occlusion (57–59). Myocardial infarction
(MI) may be the result of coronary thrombosis secondary to
APS and carries a high risk of mortality (60, 61). In addition,
valvular heart disease is another rare manifestation of the disease
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TABLE 1 | The 2006 update Sapporo Criteria for a diagnosis of antiphospholipid syndrome (APS) requires at least 1 of the following clinical criteria and 1 of the following

laboratory criteria.

Clinical criteria Vascular thrombosis (VT)

One or more clinical episodes of arterial, venous, or small vessel thrombosis in any tissue or organ. Thrombosis must be confirmed by

objective va lidated criteria. For histological confirmation, thrombosis should be present without significant evidence of inflammation

in the vessel wall. This can be further subclassified as being in the presence or the absence of additional risk factors for thrombosis.

Pregnancy morbidity (PM)

One or more unexpla ined deaths of morphologically normal fetuses at or beyond the l0th week of gestation, with normal feta l

morphology documented by ultrasound or by direct examination of the fetus;

1 or more premature births of morphologically normal neonates before the 34th week of gestation because of eclampsia or severe

pre-eclampsia defined according to standard definitions or recognized features of placental insufficiency;

3 or more unexpla ined consecutive spontaneous abortions before the lOth week of gestation, with maternal anatomical or hormonal

abnormalities and paternal and maternal chromosomal causes excluded.

Laboratory

criteria

Lupus anticoagulant is present in the plasma

Anticardiolipin antibody of IgG or IgM isotype in serum or plasma is present in medium or high titer (>40 IgG phospholip id [GPL]

units or IgM phospholipid [MPL] units, or >99th percentile), by ELISA

Anti-beta2-glycoprotein I antibody of IgG and I or IgM isotype in serum or plasma (in titer >90th percentile). by ELISA

Laboratory criteria must be positive on 2 or more occasions,at least 12 weeks apart.

(62). In terms of pulmonary manifestations of pediatric APS,
pulmonary thromboembolism is a frequent presenting symptom
of the disease and should raise the clinical suspicion of the
diagnosis of APS in any child in the absence of an alternate cause
for thrombosis (63, 64). Pulmonary hypertension may result
from chronic pulmonary vaso-occlusive disease and typically is
associated with poor long term outcomes (49). Furthermore,
pulmonary fibrosis has also been described in the context of
pediatric APS (although the majority of cases are in those with
coexisting SLE) (57). Thrombosis related renal manifestations
of pediatric APS including thrombotic microangiopathy and in
some cases this may result in end stage renal failure necessitating
renal replacement therapy (65, 66). Cases of focal proliferative
glomerulonephritis has also been described in pediatric primary
APS (66, 67). Furthermore, bilateral adrenal infarction secondary
to thrombosis has also been reported as a rare cause of primary
adrenal insufficiency in children with primary APS (68).

In addition to thrombosis, it is now universally accepted
that a wide array of systemic symptoms that are also frequently
seen in adult-onset disease are similarly associated with the
pediatric form of the disease. These more generalized symptoms
include dermatological manifestations, which can range from
classical livedo reticularis to the more rarely seen severe
complication of purpura fulminans (69). Aside from thrombosis,
various hematological disorders have been reported in the
context of pediatric APS including hemolytic anemia, leukopenia,
thrombocytopenia and cryoglobulinemia (70).

The various clinical manifestations of pediatric APS are
summarized in Table 2.

Serological Abnormalities in APS
As outlined in Table 1, the diagnosis of APS occurs in the
context of persistently positive aPL antibodies. Pediatric-onset
APS demonstrates a variety of key serological differences
when compared with adult-onset disease. The most commonly
occurring aPL antibody in pediatric APS is directed against
cardiolipin, which has been quoted as being present in
approximately 80% of cases. In comparison, this has been

TABLE 2 | Clinical features associated with pediatric antiphospholipid syndrome.

Neurological Transverse myelitis

Migraine

Chorea

Cognitive impairment

Seizures

Stroke I trans ient ischemic attack

Venous sinus thrombosis

Ocular ischemia

Hematological Venous thrombosis

Arterial thrombosis

Thrombocytopenia

Leukopenia

Hemolytic anemia

Dermatological Livedo reticularis

Raynaud ’s phenomenon

Purpura fu lminans

Cardiovascular Myocardial infarction

Cardiac valvular disease

Pulmonary Pulmonary embolism

Pulmonary hypertension

Interstitial fibrosis

Renal Antiphospholipid nephropathy

Renal thrombotic microangiopathy

Endocrine Primary adrenal insufficiency (secondary

to adrenal infarction)

reported to be positive in only just over half of adult cases
of APS. In addition, LAC is seen in approximately 70-90%
of pediatric patients with APS and by comparison is present
in half of adult cases (22, 71). The presence of a persistently
positive anti-ß2GPI antibody was found to be similar in both
adult and pediatric forms of the disease. Multiple positivity
is also a common finding in pediatric APS (71). A study by
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Avčin et al., in which auto-antibody titers were measured in
61 cases of pediatric APS suggested that the normal ranges
for these antibodies are different from those used in adult
cases. Furthermore, a high proportion of transient aPL antibody
positivity was seen in children without the symptoms of APS
and this was felt to be likely related to previous exposure to
infection (72).

In recent years the role of antibodies to the amino-terminal
domain of ß2GPI, domain 1 (DI), have been studied in detail
in adults with APS. This has been shown to represent the
pathogenic sub-population of anti- ß2GPI antibodies, directed
against a conformational epitope present in the first domain of
ß2GPI. Studies have identified that anti-DI antibodies are present
in patients with APS and are associated VT manifestations of
the disease (73). There is also evidence to suggest that anti-DI
antibodies may be present in the absence of other aPL antibodies
in cases of so called “seronegative APS” (74). Currently there are
however no studies of the prevalence of anti-DI antibodies in
childhood onset APS.

In the context of pediatric secondary APS, it is important
to screen for other auto-antibodies that may be indicative an
additional autoimmune process such as SLE. In particular,
hypocomplementemia and antibodies directed against nuclear
components; including anti-nuclear antibodies (ANA);
extractable nuclear antigens (ENA) inclusive of anti-Ro,
anti-La, anti-Sm and anti-RNP; and anti-double stranded DNA
(dsDNA) antibodies should prompt the clinician to consider a
diagnosis of a connective tissue disease or lupus. In addition,
it is important to screen any child with suspected SLE for the
presence of aPL (75). A number of small studies have examined
for the presence of aPL antibodies in juvenile-onset SLE (JSLE).
ACL positivity has been reported to be present in 19–89% of
patients with JSLE, whilst LAC has been described in between 10
and 62% of cases (76–79).

The key differences between pediatric onset APS and the adult
onset form of the disease are summarized in Table 3.

TREATMENT AND LONG-TERM
OUTCOMES

Prompt recognition of the disease and early initiation of
treatment is vital so as to reduce the long-term sequelae of
VT related symptoms in childhood APS. Residual neurological
deficit from cerebral thrombosis may result in a number of
development delays in both motor and cognitive function. It is
however important to consider that in the majority of cases of
pediatric APS the first presentation of the disease is with VT
and so there is often little that can be done in terms of primary
prevention. In view of the scarcity of cases of pediatric APS,
there is little in the way of prospective studies in particular
with regards to stratifying treatment of the disorder. Treatment
recommendations are therefore usually adapted from evidence
based in the literature of adult-onset disease.

The management of pediatric APS however poses a number
of importance considerations that are unique to this age group.
In view of this the SHARE initiative was launched in order to

TABLE 3 | Key clinical and seroloe:ical differences between pediatric and

adult-onset APS.

Pediatric onset APS Adult onset APS

PM related symptoms are rarely seen in

the pediatric population in view of the fact

that the incidence of pregnancy in this age

group is low and limited to the

adolescent population

Disease commonly manifests with

PM and I or VT related symptoms

No pediatric specific diagnostic criteria

available

The updated Sapporo Criteria are

a reliable and reproducible

diagnostic criteria of high sensitivity

and specificity

Often occurs in the context of no other

classical pro- thrombotic risk factors

Disease may present in the setting

of additional pro- coagulant risk

factors including atherosclerosis

and hypertension

Typical even incidence between males and

females (l: 1.2)

Female predominance (1:5)

Primary APS accounting for between

38-50% of cases

Primary APS accounting for more

than half of cases

Most common presenting symptom is VT;

predominantly in the lower limb. PM

symptoms seldom seen due to the low

incidence of pregnancy in

the pediatric group

Patients may present with either

VT or PM related symptoms

Antibodies directed against aCL are most

commonly

occurring APS antibody (80%)

Antibodies directed against aCL

are seen in just over half of adult

cases

develop an evidence base for rare rheumatic diseases in childhood
including APS.

Anti-coagulation
The recommendations for treatment were published in 2017
and suggested the use of long-term anticoagulation (most
commonly with warfarin) in the case of any child with
a positive aPL antibody and venous thrombosis (80). For
arterial VT it was also recommended that in addition to
long-term anticoagulant therapy consideration for combination
therapy with anti-aggregation / anti-platelet agents such
as aspirin or clopidogrel should also be considered. In
the occurrence of recurrent thrombosis oral anticoagulation
should be continued although the target INR should be
increased from 2.0–3.0 to 3.0–4.0. Consideration should
also be made for alternate therapies in this incidence, for
example extended courses of low molecular weight heparin
(LMWH) (80).

Anti-platelet Agents in Primary Prophylaxis
When considering initiating treatment, it is important to
consider any additional pro-thrombotic risk (81). In the context
of primary thromboprophylaxis against VT (for example in
asymptomatic patients with persistently positive aPL antibodies),
the use of low-dose aspirin has been recommended. However,
in the adult literature, one small placebo-controlled trial of the
use of aspirin failed to show any benefit from the treatment
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after 2 years of follow-up and so the role of aspirin remains
debatable (82).

The Role of Immunosuppression
In the primary prophylaxis of pediatric secondary APS
coexisting with SLE, the SHARE initiative recommended
the use of hydroxychloroquine in addition to aspirin (80).
Hydroxychloroquine is also thought to offer anti-thrombotic
properties(83).

The role for immunosuppressive treatment in the
management of primary childhood APS is uncertain.
Recent observational studies have found that a number of
patients are treated with corticosteroids in addition to other
immunosuppressants, however there is no clear evidence to
support the routine use in clinical practice. In the context
of secondary pediatric APS, a larger group of patients are
on concurrent steroid and immunosuppressive treatment
although this is typically targeted to the management of CTD
symptoms (64).

In the adult literature, rituximab (a chimeric anti-CD20
monoclonal antibody) has been shown to result in significant
reduction in IgG aCL antibodies in patients receiving treatment
for SLE. However, there are currently no detailed studies of the
role of B-cell depletion therapy in either adult or pediatric cases
of APS (84).

Newer Oral Anti-coagulants
Newer therapeutic targets are now being investigated in adult-
onset APS. The RAPS trial recently investigated the use of
rivaroxaban (an oral direct factor Xa inhibitor) in comparison
to warfarin (the current standard of care in APS) as a treatment
of APS in patients with previous venous thromboembolism.
The study concluded that there was no increase in thrombosis
in patients treated with rivaroxaban in comparison to those
taking warfarin (85). The advantage of rivaroxaban is the wider
therapeutic window and not monitoring of any markers of
coagulation is necessary. However, there are only case reports
of the use of rivaroxaban in children with APS and its routine
treatment at the point in time of writing this chapter in children
with APS is not recommended (86).

Key considerations in the diagnosis and management of
pediatric onset APS are summarized in Table 4.

Treatment Considerations in Pediatric APS
The treatment of APS in childhood is complicated further by a
number of key factors that are highly relevant to the management
of any young patient with a chronic illness that need to be
considered by the treating physician. It is well documented
that adherence with treatment in rheumatic diseases amongst
adolescent patients is lower than adults. In particular, studies
have found that problems with adherence are more likely to
be seen in children taking three or more different types of
medicine a day (87). In addition to poor adherence with oral
anticoagulants, problems occur with LMWH that is given by
subcutaneous injection, especially as these injection are often
reported to be painful. As this therapy has a shorter half-life than
warfarin the implications of missing even occasional doses are

TABLE 4 | Key considerations relating to the diagnosis and management of

pediatric APS.

• Lack of PM related symptoms seen in pediatric-onset APS thus rendering

widely accepted c lassification for APS unreliable in the childhood cases

• All children with unproved thromboembolic disease should be screen for

aPL antibodies

• Young patients with JSLE should be routine ly screened for aPL antibodies

• It is important to consider a variety of widespread systemic symptoms

associated with APS

• Management centers on anticoagulation to reduce the risk of VT

• Oral anticoagulants (such as warfarin) are the first line treatment although

newer agents such as rivaroxaban are currently be assessed for use in

adults

• CAPS accounts for <1% of cases of pediatric APS but can be the

presenting symptom of the disease

• Prompt diagnosis and initiation of treatment with both anticoagulation and

immunosuppression is essential in CAPS

• Essential to ensure both young patients and their families are educated in

the treatment of the disease

• It is vital to check regularly adherence with medication, in particular

throughout the adolescent period

especially significant and increase the risk of further VT. The
rates of recurrent thrombosis are higher in pediatric cases of APS
than in adults although it is not clear as to whether this is in
relation to more aggressive disease or as a result of adherence
with treatment.

Furthermore, it is essential that the treating clinician considers
the wide-ranging implications of anticoagulant therapy which
may raise issues regarding education and leisure activities.
Patients are discouraged from participating in contact sports and
therefore may not be able to fully participate in a variety of leisure
activities both in and out of school. Another area that requires
lifestyle modification for the young patient with APS relates to
the use of alcohol, which can interact with warfarin therapy.
It is therefore essential that patient education is maintained
throughout the adolescent period.

SPECIAL CIRCUMSTANCES

Catastrophic APS in Children
Catastrophic APS (CAPS) represents the most acute and
severe manifestation of APS. This is characterized by the
rapid development of widespread thrombosis in the micro-
circulation of several organs resulting in multi-organ failure. It
is associated with high rates of mortality and morbidity, even
with rapid diagnosis and optimal treatment. The occurrence
of CAPS in the population of children with APS is difficult
to quantify and in adult onset disease is believed to account
for approximately 1% of all cases with APS (88). Data from
the CAPS Registry of more than 400 patients with CAPS
has suggested that approximately 10% of cases were seen in
those under the age of 18 years (89). When compared with
adult onset disease, pediatric CAPS was far more likely to
be the presenting symptom of the disease (87% of pediatric
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cases presented with CAPS in comparison to 45% of adult
cases). The risk of mortality from CAPS in pediatric cases was
26%, which is lower than the mortality rate reported in adults
(which can be as high as 50%) (89, 90). Registry data also
found that pediatric-onset disease is more frequently seen in
relation to preceding infection when compared with the adult
population (89).

The treatment of APS in pediatric cases is based upon
therapies that have been suggested to be of benefit in adult-onset
disease. There are no large-scale studies that have assessed
treatment of CAPS in either adult or pediatric populations
however. Management revolves around a combination of
anticoagulation and immunosuppression (90). There is
little in the way of consensus regarding the most effective
immunosuppressive treatment regime although patients are
often treated with a combination of drugs. CAPS registry
data found that the vast majority of pediatric cases are treated
with corticosteroids (76% of patients). In addition to steroids,
pediatric patients are often treated with concomitant plasma
exchange, cyclophosphamide and intravenous immunoglobulin
(IVIg) therapy (89). The use of cyclophosphamide in pediatric
cases must be carefully considered in view of the possible
implications for future fertility. Gonadotrophic protection
should be considered on a case-by-case basis. In the literature,
there is evidence to support the use of B-cell depletion therapy
with rituximab in cases of both adults and children with CAPS
(91, 92).

Neonatal APS
The onset of APS in neonatal period is an unusual manifestation
of the disease. The infant coagulation system shows a number
of key differences when compared with adults and this may
contribute to onset of the disease in the neonatal period. In the
context of pediatric APS it is important to consider the role of
naturally occurring anticoagulants such as Protein C and Protein
S, which are seen at a lower levels in the neonatal circulation
(93, 94). In addition, neonatal plasminogen levels are typically
lower than in adults and platelet aggregation is decreased
throughout the first year of life (94). Clinical features including
any VT, in particular stroke, should prompt consideration of a
diagnosis of neonatal APS. It is often difficult to differentiate
between neonatal APS and other hereditary pro-thrombotic

disorders and therefore early specialist input is essential in such
cases.

Children Born to Mothers With APS
Recent studies have focused on the outcomes for children born
to mothers with APS. Registry data has observed that aCL
antibodies can be detected in newborns suggesting that the
antibody is able to cross the placenta. These antibodies typically
clear the infant’s circulation within the first six months of life.
In addition, the occurrence of VT these infants are rare (95).
Interestingly, it has also been reported that ß2GPI are seldom
able to cross the placenta and contribute little in the way of
prothrombotic risk to the newborn (96). In a study of 134 babies
born to mothers with APS there were no cases of neonatal
thrombosis of SLE (97).

CONCLUSIONS

In conclusion, cases of APS have been described in children
of all ages with the disease occasionally manifesting in the
neonatal period. The disease is rare in childhood but should
be considered in all cases of unprovoked thromboembolic
disease. Furthermore, all patients with JSLE should be
screened for secondary APS. A number of key differences
are seen when comparing the disease in childhood with
the more well described adult onset form of the disease.
Evidently the rates of PM related symptoms are seldom
seen in the childhood form of the disease. Children with
APS are also at an increased risk of recurrent thrombotic
events when compared with adults and so it is essential to
maintain long-term anticoagulant therapy. There is a lack
of prospective studies in the field of pediatric APS and so
treatment recommendations are largely adapted from adult
studies. Pediatric APS represents a leading cause of VT in
childhood and can result in potentially devastating long-term
complications.
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72. Avčin T, Ambrozic A, Kuhar M, Kveder T, Rozman B. Anticardiolipin

and anti-β2 glycoprotein I antibodies in sera of 61 apparently healthy

children at regular preventive visits. Rheumatology (2001) 40:565–73.

doi: 10.1093/rheumatology/40.5.565

73. Pericleous C, Ferreira I, Borghi O, Pregnolato F, McDonnell T, Garza-Garcia

A, et al. Measuring IgAAnti-beta2-Glycoprotein I, and IgG/IgAAnti-Domain

I antibodies adds value to current serological assays for the antiphospholipid

syndrome. PLoS ONE (2016) 11:e0156407. doi: 10.1371/journal.pone.0156407

74. Cousins L, Pericleous C, Khamashta M, Bertolaccini ML, Ioannou

Y, Giles I, et al., Antibodies to domain I of beta-2-glycoprotein I

and IgA antiphospholipid antibodies in patients with ’seronegative’

antiphospholipid syndrome. Ann Rheum Dis. (2015) 74:317–9.

doi: 10.1136/annrheumdis-2014-206483

75. Avcin T, Silverman ED. Antiphospholipid antibodies in pediatric systemic

lupus erythematosus and the antiphospholipid syndrome. Lupus (2007)

16:627–33. doi: 10.1177/0961203307079036

76. Montes de Oca MA, Babron MC, Blétry O, Broyer M, Courtecuisse V,

Fontaine JL, et al. Thrombosis in systemic lupus erythematosus: a French

collaborative study.ArchDis Child. (1991) 66:713–7. doi: 10.1136/adc.66.6.713

77. Molta C, Meyer O, Dosquet C, Montes de Oca M, Babron MC, Danon F, et al.

Childhood-onset systemic lupus erythematosus: antiphospholipid antibodies

in 37 patients and their first-degree relatives. Pediatrics (1993) 92:849–53

78. Massengill SF, Hedrick C, Ayoub EM, Sleasman JW, KaoKJ. Antiphospholipid

antibodies in pediatric lupus nephritis. Am J Kidney Dis. (1997) 29:355–61.

doi: 10.1016/S0272-6386(97)90195-5

79. Seaman DE, Londino AV, Kwoh CK, Medsger TA, Manzi S. Antiphospholipid

antibodies in pediatric systemic lupus erythematosus. Pediatrics (1995)

96:1040–5.

80. Groot N, de Graeff N, Avcin T, Bader-Meunier B, Dolezalova P, Feldman B,

et al. European evidence-based recommendations for diagnosis and treatment

of paediatric antiphospholipid syndrome: the SHARE initiative. Ann Rheum

Dis. (2017) 76:1637–41. doi: 10.1136/annrheumdis-2016-211001

81. Ruiz-Irastorza G, CuadradoMJ, Ruiz-Arruza I, Brey R, CrowtherM, Deerksen

R, et al. Evidence-based recommendations for the prevention and long-term

management of thrombosis in antiphospholipid antibody-positive patients:

report of a task force at the 13th International Congress on antiphospholipid

antibodies. Lupus (2011) 20:206–18. doi: 10.1177/09612033103

95803

82. Erkan D, Harrison ML, Levy R, Peterson M, Petri M, Sammaritano L,

et al. Aspirin for primary thrombosis prevention in the antiphospholipid

syndrome: a randomized, double-blind, placebo-controlled trial in

asymptomatic antiphospholipid antibody-positive individuals. Arthritis

Rheum. (2007) 56:2382–91. doi: 10.1002/art.22663

Frontiers in Pediatrics | www.frontiersin.org 9 November 2018 | Volume 6 | Article 362

https://doi.org/10.1191/0961203303lu411oa
https://doi.org/10.1097/01.md.0000172074.53583.ea
https://doi.org/10.1136/annrheumdis-2016-210960
https://doi.org/10.1016/S0022-3476(96)70064-1
https://doi.org/10.1007/BF01957376
https://doi.org/10.1056/NEJMoa035241
https://doi.org/10.1177/0961203314531842
https://doi.org/10.1016/j.mehy.2011.02.030
https://doi.org/10.1111/j.1468-2982.2004.00752.x
https://doi.org/10.1007/BF02724305
https://doi.org/10.1016/S0887-8994(00)00152-1
https://doi.org/10.1191/0961203303lu471oa
https://doi.org/10.1016/j.autrev.2006.11.005
https://doi.org/10.1007/s00246-002-0273-6
https://doi.org/10.1097/PEC.0b013e31820d8dd4
https://doi.org/10.1007/s10067-017-3776-5
https://doi.org/10.1007/s00467-011-2085-5
https://doi.org/10.1007/s00467-004-1491-3
https://doi.org/10.1210/jc.2012-4300
https://doi.org/10.1097/MBC.0b013e32809cc95a
https://doi.org/10.1080/17402520600877778
https://doi.org/10.1055/s-0028-1082271
https://doi.org/10.1093/rheumatology/40.5.565
https://doi.org/10.1371/journal.pone.0156407
https://doi.org/10.1136/annrheumdis-2014-206483
https://doi.org/10.1177/0961203307079036
https://doi.org/10.1136/adc.66.6.713
https://doi.org/10.1016/S0272-6386(97)90195-5
https://doi.org/10.1136/annrheumdis-2016-211001
https://doi.org/10.1177/0961203310395803
https://doi.org/10.1002/art.22663
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Wincup and Ioannou Childhood and Adult Onset APS

83. Belizna C. Hydroxychloroquine as an anti-thrombotic in

antiphospholipid syndrome. Autoimmun Rev. (2015) 14:358–62.

doi: 10.1016/j.autrev.2014.12.006

84. Ioannou Y, Lambrianides A, Cambridge G, LeandroMJ, Edwards JC, Isenberg

DA. B cell depletion therapy for patients with systemic lupus erythematosus

results in a significant drop in anticardiolipin antibody titres. Ann Rheum Dis.

(2008) 67:425–6. doi: 10.1136/ard.2007.078402

85. Cohen H, Hunt BJ, Efthymiou M, Arachchillage DR, Mackie IJ, Clawson

S, et al. Rivaroxaban versus warfarin to treat patients with thrombotic

antiphospholipid syndrome, with or without systemic lupus erythematosus

(RAPS): a randomised, controlled, open-label, phase 2/3, non-inferiority trial.

Lancet Haematol. (2016) 3:e426–36. doi: 10.1016/S2352-3026(16)30079-5

86. Ma JY, Zhang X, Li XF, He LJ, Ma N, Wei YY, et al. Thrombotic storm in

a 4-year-old boy with a thrombus in the right atrium. Int J Immunopathol

Pharmacol. (2018) 32:2058738418778121. doi: 10.1177/2058738418778121

87. Bugni VM, Ozaki L, Okamoto KY, Barbosa CM, Hilário MO, Len CA,

et al. Factors associated with adherence to treatment in children and

adolescents with chronic rheumatic diseases. J Pediatr. (2012) 88:483–8.

doi: 10.2223/JPED.2227

88. Asherson RA. The catastrophic antiphospholipid syndrome. J Rheumatol.

(1992) 19:508–12

89. Berman H, Rodríguez-Pintó I, Cervera R, Gregory S, ds Meis E, Rodriquies

CE, et al. Pediatric catastrophic antiphospholipid syndrome: descriptive

analysis of 45 patients from the ”CAPS Registry“. Autoimmun Rev. (2014)

13:157–62. doi: 10.1016/j.autrev.2013.10.004

90. Asherson RA, Cervera R, Piette JC, Font J, Lie JT, Burcoglu

A, et al. Catastrophic antiphospholipid syndrome. Clinical and

laboratory features of 50 patients. Medicine (1998) 77:195–207.

doi: 10.1097/00005792-199805000-00005

91. Iglesias-Jiménez E, Camacho-Lovillo M, Falcón-Neyra D, Lirola-Cruz J,

Neth O. Infant with probable catastrophic antiphospholipid syndrome

successfully managed with rituximab. Pediatrics (2010) 125:e1523–8.

doi: 10.1542/peds.2009-2939

92. Berman H, Rodriguez-Pintó I, Cervera R, Morel N, Costedoat-Chalumeau

N, Erkan D, et al. Rituximab use in the catastrophic antiphospholipid

syndrome: descriptive analysis of the CAPS registry patients receiving

rituximab. Autoimmun Rev. (2013) 12:1085–90. doi: 10.1016/j.autrev.2013.

05.004

93. Thornburg C, Pipe S. Neonatal thromboembolic emergencies. Semin Fetal

Neonatal Med. (2006) 11:198–206. doi: 10.1016/j.siny.2006.01.005

94. Nowak-Göttl U, Kurnik K, Manner D, Kenet G. Thrombophilia testing in

neonates and infants with thrombosis. Semin Fetal Neonatal Med. (2011)

16:345–8. doi: 10.1016/j.siny.2011.07.005

95. Boffa MC, Lachassinne E. Infant perinatal thrombosis and antiphospholipid

antibodies: a review. Lupus (2007) 16:634–41. doi: 10.1177/096120330

7079039

96. Meroni PL, Borghi MO, Raschi E, Tedesco F. Pathogenesis of

antiphospholipid syndrome: understanding the antibodies. Nat Rev

Rheumatol. (2011) 7:330–9. doi: 10.1038/nrrheum.2011.52

97. Mekinian A, Lachassinne E, Nicaise-Roland P, Carbillon L, Motta

M, Vicaut E, et al. European registry of babies born to mothers

with antiphospholipid syndrome. Ann Rheum Dis. (2013) 72:217–22.

doi: 10.1136/annrheumdis-2011-201167

Conflict of Interest Statement: YI is currently an employee of UCB Pharma.

The remaining author declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2018 Wincup and Ioannou. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 10 November 2018 | Volume 6 | Article 362

https://doi.org/10.1016/j.autrev.2014.12.006
https://doi.org/10.1136/ard.2007.078402
https://doi.org/10.1016/S2352-3026(16)30079-5
https://doi.org/10.1177/2058738418778121
https://doi.org/10.2223/JPED.2227
https://doi.org/10.1016/j.autrev.2013.10.004
https://doi.org/10.1097/00005792-199805000-00005
https://doi.org/10.1542/peds.2009-2939
https://doi.org/10.1016/j.autrev.2013.05.004
https://doi.org/10.1016/j.siny.2006.01.005
https://doi.org/10.1016/j.siny.2011.07.005
https://doi.org/10.1177/0961203307079039
https://doi.org/10.1038/nrrheum.2011.52
https://doi.org/10.1136/annrheumdis-2011-201167
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	The Differences Between Childhood and Adult Onset Antiphospholipid Syndrome
	Introduction
	Pathogenesis of APS
	Diagnosis
	Definitions and Classification Criteria
	Clinical Features
	Serological Abnormalities in APS

	Treatment and Long-Term Outcomes
	Anti-coagulation
	Anti-platelet Agents in Primary Prophylaxis
	The Role of Immunosuppression
	Newer Oral Anti-coagulants
	Treatment Considerations in Pediatric APS

	Special Circumstances
	Catastrophic APS in Children
	Neonatal APS
	Children Born to Mothers With APS

	Conclusions
	Author Contributions
	References


