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Abstract: Antiphospholipid syndrome (APS) is a systemic autoimmune disease characterized by
thrombotic or obstetric events occurring in individuals who have persistent antiphospholipid anti-
bodies. Catastrophic antiphospholipid syndrome (CAPS) is a rare and potentially fatal form of APS
characterized by severe thrombotic complications occurring in multiple organs over a short period of
time or simultaneously. CAPS is associated with a high (50%) death rate. Infections, multi-organ fail-
ure, and cerebral and heart thrombosis represent the main complications of this syndrome. Generally,
anticoagulants, glucocorticoids, therapeutic plasmapheresis (TPE), and intravenous immunoglobulin
(IVIG) are used in combination for treatment. Multidisciplinary care involving different specialists
from hematology, rheumatology, nephrology, infectious disease, critical care, and obstetrics is often re-
quired due to the complexity of the disease. Recent data emphasize the effectiveness of biologics such
as anti-TNF-a monoclonal antibodies (adalimumab, certolizumab), anti-CD38 monoclonal antibody
(daratumumab), BAFF/Blys inhibitor (belimumab), and BTK inhibitor (zanubrutinib) against CAPS.
In order to understand the underlying causes of CAPS, one future possibility involves investigating
and characterizing the hereditary and acquired risk factors associated with CAPS.

Keywords: catastrophic antiphospholipid syndrome; antiphospholipid syndrome; antiphospholipid
antibodies; lupus anticoagulant; anticardiolipin antibodies; anti-beta2-glycoprotein I antibodies

1. Introduction

Catastrophic antiphospholipid syndrome (CAPS) is an extremely rare and potentially
fatal variant of antiphospholipid syndrome (APS).

Antiphospholipid syndrome (APS) is a systemic autoimmune disease characterized by
thrombotic or obstetric events in patients who have persistent antiphospholipid antibodies
(APLA), which include lupus anticoagulant (LA), anti-2-glycoprotein I (anti-2GPI), and/or
anti-cardiolipin antibodies (aCL) (Figure 1) [1]. It can cause venous, arterial, or microvascu-
lar thrombosis in the deep veins of the lower limbs, as well as in cerebral arterial circulation.
Although uncommon, thrombosis can occur in hepatic veins, visceral veins, or the cerebral
venous circulation.

Primary APS can develop alone or together with other autoimmune diseases, especially
systemic lupus erythematosus (SLE). The APS categorization criteria were established for
the first time in Sapporo in 1999 [2] and were modified during the Eleventh International
Congress on APS in Sydney in 2006 [1,3,4].

However, the above-mentioned classifications are lacking in evidence-based defini-
tions. Therefore, the American College of Rheumatology (ACR) and EULAR collaborated
to produce the 2023 ACR/EULAR APS classification criteria [5].

According to the 2023 ACR/EULAR APS classification criteria, patients should be
classified as having APS if they meet the entry criteria (at least one clinical and one
laboratory criterion within three years of each other) and accumulate at least three points
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from clinical domains and three points from laboratory domains. We present a summary
table of the 2023 ACR/EULAR APS classification criteria (Table 1).
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Figure 1. Legend: pathophysiology of CAPS and target molecules of the new biologics in the 
pathophysiology of CAPS. ADM: adalimumab; BEM: belimumab; CZP: certolizumab; ECL: 
eculizumab; GPIIb/IIa: glycoprotein IIb/IIIa; HCQ: hydroxychloroquine; RTX: rituximab; TF: tissue 
factor; TXB2: thromboxane B2. 
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Table 1. Summary of the 2023 ACR/EULAR APS classification criteria. 

Clinical Criteria 
Domain 1—Macrovascular: venous thromboembolism 

Domain 2—Macrovascular: arterial thrombosis 
Domain 3—Microvascular  

Suspected: Livedo racemosa, Livedoid vasculopathy lesions, Antiphospholipid antibody 
(aPL) nephropathy, Pulmonary hemorrhage  

Established: Livedoid vasculopathy, aPL nephropathy, Pulmonary hemorrhage, 
Myocardial disease, Adrenal hemorrhage or microthrombosis 

Domain 4—Obstetric: Prefetal death, Fetal death, Preeclampsia with severe features, 
Central nervous system dysfunction, Placental insufficiency with severe features 

Domain 5—Cardiac valve: Valve thickening, Valve vegetation,  
Domain 6—Haematology: Thrombocytopenia,  

Laboratory Criteria 
Domain 7—aPL test by coagulation-based functional assay 

Domain 8—aPL test by solid phase–based assay 

Figure 1. Legend: pathophysiology of CAPS and target molecules of the new biologics in the patho-
physiology of CAPS. ADM: adalimumab; BEM: belimumab; CZP: certolizumab; ECL: eculizumab;
GPIIb/IIa: glycoprotein IIb/IIIa; HCQ: hydroxychloroquine; RTX: rituximab; TF: tissue factor; TXB2:
thromboxane B2.

Table 1. Summary of the 2023 ACR/EULAR APS classification criteria.

Clinical Criteria

Domain 1—Macrovascular: venous thromboembolism

Domain 2—Macrovascular: arterial thrombosis

Domain 3—Microvascular
Suspected: Livedo racemosa, Livedoid vasculopathy lesions, Antiphospholipid antibody (aPL)

nephropathy, Pulmonary hemorrhage
Established: Livedoid vasculopathy, aPL nephropathy, Pulmonary hemorrhage, Myocardial

disease, Adrenal hemorrhage or microthrombosis

Domain 4—Obstetric: Prefetal death, Fetal death, Preeclampsia with severe features, Central
nervous system dysfunction, Placental insufficiency with severe features

Domain 5—Cardiac valve: Valve thickening, Valve vegetation,

Domain 6—Haematology: Thrombocytopenia,

Laboratory Criteria

Domain 7—aPL test by coagulation-based functional assay

Domain 8—aPL test by solid phase–based assay

Only a small percentage of patients with APS develop CAPS [1,6], which is generally
induced by a precipitating event such as an infection [7,8]. CAPS is an aggressive variant
of APS characterized by multiorgan thrombotic events that develop rapidly or simultane-
ously [9]. CAPS has a high death rate (50%), mostly due to cerebral and heart thrombosis,
infections, and multiorgan failure [6,10].

The aim of this review is to assist general practitioners and experts in diagnosing and
treating CAPS. Our recommendations are evidence-based wherever feasible, but given
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the scarcity of well-designed, randomized, controlled studies, they frequently represent
expert opinion.

2. The Complexity of CAPS

Catastrophic APS (CAPS) is a life-threatening variant of APS characterized by the
rapid onset of thrombotic events involving multiple organ systems, including large vessels
and microvascular involvement. Approximately 1% of patients with APS develop the
severe clinical picture of CAPS. In up to 50% of patients diagnosed with CAPS, it was the
presenting symptom of APS [11–13].

CAPS is distinguished from APS by the intensity and extent of the thrombotic process.
CAPS can involve the venous and arterial vascular system, targeting multiple organs simul-
taneously through micro- or combined micro- and macrovascular processes. Patients with
CAPS or APS may have venous thromboembolic and arterial vascular disease, but CAPS
patients also have macrovascular involvement leading to thrombosis affecting other organs,
which, unlike APS, can progress acutely even when treated with appropriate anticoagulants.
The mechanism by which a “thrombotic storm” occurs is not well understood. It is not
known whether individuals with CAPS have aPL with different avidity, specificity, titer,
or other antigen characteristics that differ from the aPL of APS. Based on our experience,
most patients with CAPS have aPL triple positivity with anticardiolipin and anti-beta2GPI
antibodies at high immunoglobulin G (IgG) titer.

CAPS is rare, affecting approximately 1% of individuals with APS or 5 per million in
the general population. In the Euro-Phospholipid project, which included 1000 patients
with APS followed for 10 years, only nine (0.9 percent) developed CAPS [10]. In the APS
Alliance for Clinical Trials and International Networking (APS ACTION) Registry, based
on 804 international patients, only nine (1%) developed CAPS [12]. In two smaller series
with nearly 300 patients total, rates of CAPS were 2 and 5 percent, respectively [14,15].

The rarity of CAPS is also dangerously associated with the fact that not all individuals
with CAPS have a previous diagnosis of APS, making the syndrome more difficult to
diagnose and, therefore, treat quickly. In a study by Cervera et al., approximately one-half
of patients carried a prior APS diagnosis and one-half did not [11].

Furthermore, CAPS often occurs in the course of other clinical conditions such as
infection, surgical procedure, malignancy, or pregnancy. The diagnosis is so delayed and
may be known at the time of presentation or may be identified during the evaluation of
the acute presentation. In a series of 547 patients with 571 CAPS events, 68 percent had an
underlying clinical condition [16]: infection (29%), surgery (9%), cancer (9%), pregnancy
or postpartum (3%), or active systemic lupus erythematosus (SLE) (2%); one-half of these
individuals presented with CAPS as their first manifestation of APS and 28% were known
to have had a prior diagnosis of SLE [16]. Aside from the “masking” clinical conditions,
it must be said that inadequate anticoagulation in a patient with known APS may also
increase the risk of CAPS [17]. In the population of patients known to have aPL or APS,
identifying and addressing additional thrombosis risk factors is important in preventing
further thrombosis and possible progression to CAPS.

CAPS is characterized by a spectrum of clinical disorders, so is often faded in the initial
stages. Indeed, it may be unclear whether an antiphospholipid antibody (aPL)-positive
individual with or without a diagnosis of APS is progressing to CAPS. So, CAPS can
present in an advanced stage of disease, when multiple thromboses and thrombocytopenia
are already present. Consequently, vigilance is required to identify disease progression.
Individuals who ultimately develop CAPS will typically manifest multiple thromboses
and, generally, thrombocytopenia. Most patients have multiorgan involvement (and often
multiorgan failure) on presentation [18]. Almost every organ system may be affected. In
a report of 571 episodes of CAPS, the following organ systems were most likely to be
affected [16]: kidneys (74%); brain (56%); lungs (55%); heart (53%); skin (45%); liver (34%);
peripheral vessels (37%); and gastrointestinal tract (12%).
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CAPS is characterized by multiple thromboses (microvascular and/or large vessels)
occurring in several vascular beds over a relatively short period of time (days). This con-
trasts with APS, in which a single large vessel thrombotic event typically occurs. In CAPS,
large vessel thrombosis includes deep vein thrombosis (DVT), pulmonary embolism (PE),
or arterial thrombosis (e.g., ischemic stroke, myocardial infarction). Lung involvement may
progress to acute respiratory distress syndrome (ARDS) and may be complicated by pul-
monary hemorrhage. Pulmonary microvascular involvement generally presents as alveolar
hemorrhage, which may be asymptomatic or may present with macroscopic hemoptysis.
Cardiac involvement may include valvular disease (mitral, aortic) or myocardial infarction.
Cutaneous manifestations may include purpura, livedo reticularis/racemosa, subungual
hemorrhage, and skin necrosis [19]. Patients with CAPS may also experience abdominal
pain due to thrombotic complications affecting the vasculature of the kidneys, liver, adrenal
glands, spleen, intestine, mesentery, or pancreas [20]. Other less common organ involve-
ment includes esophageal rupture, testicular/ovarian infarction, bone marrow infarction,
and gastric and colonic ulcerations [20]. Central nervous system changes include acute
ischemic encephalopathy with confusion, seizures, and/or focal findings. Hematological
findings include thrombocytopenia and schistocytes. In a series of 280 patients with CAPS,
42 (15%) had disseminated intravascular coagulation (DIC) [11].

3. Pathophysiology and Mechanisms of CAPS

CAPS’s key pathogenic pathways include immune cell activation, coagulation factors,
and complement activation. When complement is activated, it creates C5a, a powerful
inflammatory mediator, and the C5b-9 complex [21], which promotes hemolysis and the
release of free "heme" with prothrombotic activity. Complement damages vascular endothe-
lial cells through subendothelial collagen and tissue factors, platelet activation, and the co-
agulation cascade. Complement can also disrupt neutrophils by generating DNA extrusion,
which has anti-inflammatory and prothrombotic characteristics. In complement-mediated
thrombotic microangiopathy, complement dysregulation also plays a pathophysiological
role in microvascular thrombosis and acute kidney damage [21–24].

To explain the role of complement in the pathogenesis of CAPS, two sequential mech-
anisms have been proposed: first, aPL or complement gene abnormality predisposes one
to complement dysregulation; second, an infection, inflammation, pregnancy, surgery, or
other stimulus triggers complement-mediated cellular damage, with clinical manifestations
of hemolysis and thrombosis [21]. The function of complement in CAPS is also responsi-
ble for the efficacy of complement-blocking medications (such as eculizumab), which are
commonly utilized in refractory CAPS.

4. Not a Simple Diagnosis

A high level of suspicion for CAPS should be maintained in any patient with ve-
nous and/or arterial thrombosis with progressive multiorgan involvement, rapid clinical
deterioration, and the presence of thrombocytopenia and schistocytes in the peripheral
blood smear. A previous diagnosis of APS or systemic lupus erythematosus (SLE) should
further increase clinical suspicion. Important indicators that suggest a patient may have
CAPS rather than APS or another thrombotic disorder include rapidly progressive disease,
multiorgan involvement, and a combination of large vessel and microvascular thrombosis.
During pregnancy, HELLP syndrome (hemolysis, elevated liver function tests, and low
platelets) and CAPS may be difficult to distinguish and may coexist [25]. Patients present-
ing with clinical manifestations of either of these diagnoses should be cared for by experts
with experience in both conditions, given the high likelihood of maternal and neonatal
complications that may progress quickly.

The classification criteria for CAPS have been proposed by the International Congress
on aPL and validated for research purposes [9]. These are research criteria and should not
replace the clinical judgment of a clinician with expertise in CAPS or an individual with
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expertise in diagnosing thrombotic disorders. However, many clinicians refer to aspects of
these criteria to guide them in making a diagnosis of CAPS.

4.1. Definite CAPS

CAPS can be confidently diagnosed if all four requirements are met:

• Involvement of three organs, systems, or tissues.
• Manifestations appear at the same time or over the course of one week.
• Small vessel occlusion is confirmed histologically in at least one organ or tissue.
• The presence of aPL (anticardiolipin antibodies, anti-beta2-glycoprotein I antibodies,

and/or lupus anticoagulant) is documented twice, at least 12 weeks apart.

4.2. Probable CAPS

The probable diagnosis of CAPS can occur when the following criteria are met:

• Only two organs or tissue are involved.
• Despite anticoagulation, a third event manifests between one week and one month

after presentation.
• No histologic evidence.
• No laboratory confirmation of aPL.

5. Differential Diagnosis

The differential diagnosis of CAPS includes other thrombotic syndromes, particularly
those with venous and arterial thrombosis at multiple or unusual sites and those with
microvascular thrombosis. However, it is important to note that there is no clear distinction
between these clinical conditions and CAPS that can overlap with any of these conditions.
The following conditions must be considered as a differential diagnosis: disseminated
intravascular coagulation (DIC); heparin-induced thrombocytopenia (HIT); thrombotic
microangiopathies (TMA); small vessel vasculitis (particularly antineutrophil cytoplastic
antibody (ANCA)-associated vasculitis); preeclampsia and HELLP syndrome (hemolysis,
elevated liver enzymes, and low platelets); and sepsis.

6. Management and Therapy of CAPS

The clinical and therapeutic management of patients with CAPS is not simple [21].
Very often, therapeutic decisions are made with incomplete clinical information and fre-
quently revised as the patient’s clinical status changes or new laboratory results are available
(Table 2). The optimal treatment for CAPS is unknown, and no prospective studies have
been conducted on the treatment of CAPS. CAPS is generally treated with a combination
of anticoagulants, glucocorticoids, and therapeutic plasmapheresis (TPE) or intravenous
immunoglobulin (IVIG), sometimes referred to as triple therapy [26]. Multidisciplinary
care is often required, including the involvement of hematology, rheumatology, nephrology,
infectious disease, intensive care, and obstetrics teams. There are no randomized studies
comparing individual therapeutic options; therefore, the proposed therapeutic approach is
based on observational evidence, expert opinions, and the 2018 McMaster guidelines [27].
A 2018 report that included 471 patients noted that triple therapy (anticoagulation, gluco-
corticoids, and plasmapheresis or IVIG) was associated with a higher survival rate [28];
specifically, triple therapy was associated with a 71% survival rate, single therapy or a
combination of two therapies showed a survival rate of 59%, while no therapy showed a
survival rate of 25%. Another report documented a higher recovery rate associated with
triple therapy (69%) compared to the use of fewer than three therapies (54%) [11].

Anticoagulant therapy at therapeutic doses is necessary [26,27,29]. The initial choice
of anticoagulant is intravenous unfractionated heparin. Heparin is avoided (and an an-
ticoagulant other than heparin is used) if heparin-induced thrombocytopenia (HIT) is
considered likely. After recovery, hemodynamically stable patients are switched to warfarin
and managed with a target international normalized ratio (INR) between 2 and 3. Direct
oral anticoagulants (DOACs) are generally avoided in CAPS (and APS).



Immuno 2024, 4 6

Table 2. List of current therapeutics.

Current Therapeutics Drugs and Dose

Anticoagulant therapy (direct oral
anticoagulants NOT recommended) vitamin K antagonist with INR target 2–3

Antiaggregation low-dose aspirin (100 mg/day)

Glucocorticoids

methylprednisolone, 0.5 to 1 g intravenously,
once daily for three or more days, followed by
oral or parenteral therapy with the equivalent
of 1 mg/kg prednisone per day with tapering
initiated once the patient improves clinically

Therapeutic plasmapheresis
exchanges are typically performed once daily

for five days (longer in patients with
refractory disease)

Intravenous immunoglobulin a typical dose is between 400 mg per kg per
day for five days

Rituximab (a monoclonal antibody against the
B-cell antigen CD20)

375 mg/m2 once a week for four weeks, or 500
to 1000 mg administered twice, at intervals of 7

or 14 days

For most patients with CAPS, low-dose aspirin (100 mg/day) is also started immedi-
ately in addition to anticoagulation. Aspirin can be discontinued in patients at high risk of
bleeding [27]. Anticoagulation and low-dose aspirin are generally continued indefinitely,
similar to the treatment of APS, unless the risks of bleeding are judged to outweigh the
benefits. No randomized trials of anticoagulant or antiplatelet therapy in CAPS have been
reported. The McMaster CAPS guidelines included a meta-analysis of observational data
from 325 patients that found an association between anticoagulant therapy and reduced
mortality (odds ratio (OR) 0.18, 95% CI 0.09–0.38) [27].

Patients with CAPS are also treated with high-dose glucocorticoids. A typical gluco-
corticoid used is methylprednisolone, with a dose of 0.5 to 1 g administered intravenously
once daily for three or more days, followed by oral or parenteral therapy with the equiva-
lent of 1 mg/kg of prednisone per day with tapering initiated once the patient improves
clinically [29]. It should be noted that no randomized trials of glucocorticoids in CAPS
have been reported. The use of a glucocorticoid is supported by observational evidence of
benefit when combined with other therapies [28].

For most patients with CAPS, therapeutic plasmapheresis (TPE) or intravenous im-
munoglobulin (IVIG), in addition to anticoagulants and glucocorticoids, are also sug-
gested [27]. The mechanism by which TPE acts in CAPS is unclear; it seems likely to be due
to the removal of antiphospholipid antibodies (aPL) or complement factors. Exchanges are
typically performed once daily for five days (longer in patients with refractory disease);
the optimal number of exchanges has not been determined. One study demonstrated that
five consecutive treatments produced a 95% reduction in anticardiolipin antibodies [30].
However, the evidence supporting the use of plasmapheresis comes from observational
studies and not randomized trials. These data suggest that plasmapheresis performed as a
component of triple therapy is associated with improved survival [31,32]. The McMaster
CAPS guidelines included a meta-analysis that found a trend toward lower mortality with
plasmapheresis that did not reach statistical significance (OR 0.68, 95% CI 0.41–1.12) [30].
No specific harmful effects have been reported among CAPS patients. Despite the lack of
randomized trials, CAPS is considered a first-line indication for therapeutic plasmapheresis.

The mechanism by which IVIG works in CAPS is unclear. A typical dose of IVIG is
between 400 mg per kg per day for five days. Observational studies suggest that, when
administered as a component of triple therapy, it is associated with improved outcomes.
The McMaster CAPS guidelines included a meta-analysis of six studies that found a trend
toward lower mortality with IVIG that did not reach statistical significance (OR 0.86, 95% CI
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0.50–1.48) [27]. Another study involving more than 500 patients compared the relative
benefits of plasmapheresis and IVIG as the third component of triple therapy and found no
statistical benefit of one over the other [28].

7. Rituximab and Eculizumab in Refractory CAPS

Refractory disease includes CAPS that does not improve or worsens despite adequate
anticoagulant therapy, glucocorticoids, and TPE or IVIG. For these patients, the use of
rituximab (a monoclonal antibody against the B-cell antigen CD20) [33] or eculizumab
(a monoclonal antibody against the C5 component of complement) may be considered
(Table 3).

Table 3. List of potential new biologics and references.

Drugs Target Molecules References

Rituximab a monoclonal antibody against the
B-cell antigen CD20 [29]

Eculizumab a monoclonal antibody against the
C5 component of complement [33]

Daratumumab anti-CD38 monoclonal antibody [34]

Belimumab BAFF/Blys inhibitor [34]

Zanubrutinib BTK inhibitor [34]

Adalimumab and Certolizumab anti-TNF-a monoclonal antibody [34]

Some studies suggest the use of rituximab at a dose of 375 mg/m2 once a week for
four weeks or 500 to 1000 mg administered twice at intervals of 7 or 14 days [35]. However,
the dose has not been validated in clinical trials, and some experts use lower doses of
rituximab. A 2013 review identified 20 patients treated with rituximab (8 for initial therapy
and 12 for refractory CAPS) [35]. Of these 20 individuals treated with rituximab, 15 (75%)
recovered, four died, and one remained in the intensive care unit at the time of publication.
Further case reports describe successful treatment with rituximab, as part of initial therapy
or for refractory disease [33,35–37].

Studies suggest the use of eculizumab at a dose of 900 mg per week for four weeks, fol-
lowed by 1200 mg once every two weeks [38]. The duration of therapy is unclear; however,
given the enormous costs and risk of severe sepsis, eculizumab should be stopped as soon
as possible based on the patient’s clinical condition. The supporting data include small
series, case reports, and a possible biologic rationale. A 2022 report identified 39 patients
treated with eculizumab (6 for initial treatment and 30 for refractory disease) [38]. Of these,
29 (74%) recovered and 9 (23%) worsened; five died. These 39 individuals represented
6.7% of the 584 individuals in the registry at the time of data reporting. Small series (9 and
11 patients) described mixed responses with eculizumab, with some individuals improving
(78% in one series and 45% in the other) and others not [39,40]. Individual case reports
have described successful treatment with eculizumab [41–47].

8. CAPS during Pregnancy

Approximately 4–6% of this form of CAPS occurring during the third trimester of
pregnancy or during the puerperium, and approximately fifty percent of patients, have no
history of previous APS, making the diagnosis challenging and late. When compared to the
general population, CAPS in pregnancy or during puerperium is related with an earlier age
of onset. CAPS during pregnancy or the puerperium remains a diagnostic challenge due to
a wide range of clinical signs, symptoms, and laboratory findings that frequently coincide
with other obstetric problems. Because it is an uncommon condition, recommendations
are based on case reports and expert opinions, and there are no randomized clinical trials
on CAPS treatment [48–50]. Clinical signs of pregnancy can include dyspnea, elevated
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blood pressure, abdominal discomfort, convulsions, chest pain, proteinuria, and pulmonary
embolism. Fetal morbidities, such as premature birth, growth restriction, or mortality, are
associated with placental insufficiency [51,52]. CAPS symptoms and laboratory findings
can overlap with other obstetric disorders including acute fatty liver of pregnancy (AFLP),
thrombotic thrombocytopenic purpura (TTP), or HELLP syndrome, delaying diagnosis and
treatment [53–55]. Catastrophic antiphospholipid syndrome remains a diagnostic challenge
due to its low frequency and non-specific clinical presentation. Triple therapy, which con-
sists of anticoagulants, corticosteroids, plasmapheresis and intravenous immunoglobulins,
is typically administered to pregnant patients with CAPS [52–54]. Pathological antibodies
and other pro-inflammatory and prothrombotic mediators can be eliminated with plasma-
pheresis. The standard approach is to remove 2–3 L of plasma per day for 3–5 days. Other
immunosuppressive medications should be considered in case of refractory CAPS. It is
reasonable to consider hydroxychloroquine for its immunosuppressive properties and
relative safety. Rituximab treatment appears to be beneficial in improving CAPS in 75% of
patients, according to Silver et al. [49]. Eculizumab is also suggested during pregnancy [54].
According to Mineo et al., the “1N11”, a human antibody that interferes with b2-GPI’s aPL
recognition, may offer opportunities for future development of an anti-b2-GPI monoclonal
antibody for new therapeutic strategies [56]. In CAPS, rapid deterioration can occur at any
time, resulting in negative effects for both the mother and the fetus. Proper management is
therefore critical in these individuals, since early diagnosis and prompt treatment remain
critical variables for the mother’s and fetus’s favorable outcome and survival.

9. CAPS in Children

As previously mentioned, CAPS occurs in less than 1% of APS patients, and CAPS
in young subjects is extremely rare, accounting for only a small percentage of all APS
patients [18]. The international CAPS registry provides much of the information that we
have on pediatric CAPS. There are 60 cases of CAPS with catastrophic events under the age
of 18 in this registry [7]. The majority (67%) were females with no underlying autoimmune
disorders (59%).

Infections were the most common trigger, especially in children (54%). Even in young
adults, CAPS is frequently the first symptom of APS, which causes diagnostic delay. Multi-
organ damage is present. The pulmonary, cardiac, renal, and central nervous systems are
the most affected. Venous thrombosis was the most common form of peripheral vascular
involvement. From 1992 to 2014, Defreitas et al. [47,57] analyzed and summarized 21 pub-
lished cases of pediatric CAPS. The age ranged from 10.5 to 4.8 years on average. Fourteen
(66%) of the participants were female, and 16 (76%) had no history of rheumatic diseases.
Thirteen (62% of cases) had an infectious trigger, two occurred following surgery, three
had systemic lupus erythematosus without infection, one had CAPS as the predominant
manifestation of a malignancy, and two had no known trigger.

The US Food and Drug Administration has not approved any pharmacologic medica-
tion for the treatment of CAPS in children. When CAPS is suspected, early detection and
treatment improves patient survival. As a first treatment, the CAPS Task Force suggests an-
ticoagulants and corticosteroids [31]. Anticoagulation using heparins is the cornerstone of
therapy due to its inhibitory effect on complement activation [31] as well as its thrombolytic
and fibrinolytic capabilities. Anticoagulant therapy is challenging in kids. This is due to
the fact that children’s hemostasis, pharmacodynamic, and pharmacokinetic responses
to antithrombotics differ from those of adults [57,58]. As a result, dosing, monitoring,
and drug interactions in children are more difficult. Newborns have an higher baseline
aPTT, and therapeutic monitoring of unfractionated heparin is more complicated in these
patients [59,60]. They have higher drug clearance, lower antithrombin levels, and a lesser
ability to produce thrombin, resulting in heparin resistance [47]. Weight-based dosing may
not result in the same anticoagulant effect in infants and children of different ages; thus,
careful monitoring and dose adjustment are required [34]. Given its rapid onset, heparin is
the anticoagulant treatment of choice in acute scenarios.
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Oral warfarin or low-molecular-weight heparin (LMWH) for long-term anticoagula-
tion depends on pragmatic considerations including compliance and ease of administration.
Since warfarin can be taken as a pill rather than injecting, children are more likely to accept
it. However, the challenges of maintaining a stable drug level associated with dietary mod-
ifications, drug–drug interactions, and the effects of genetic polymorphisms (CYP2C9 and
VKORC1) make the use of warfarin difficult [61]. In comparison to unfractionated heparin,
subcutaneous LMWH has fewer medication interactions, less monitoring requirements,
and a decreased risk of heparin-induced thrombocytopenia.

Because CAPS is promoted by inflammation, it is critical to reduce the inflammation
in order to arrest the disease’s progression. Glucocorticoids are utilized for this purpose.
They inhibit platelet aggregation, endothelium and leukocyte adhesion, and the synthesis
of plasma-derived inflammatory mediators, in addition to their general anti-inflammatory
impact (reduction in C3, C5a, bradykinin, thrombin, cytokines, and nitric oxide). Steroids
also lower pro-inflammatory gene transcription [62] while increasing anti-inflammatory
mechanisms including cell phagocytosis, chemokinesis, and antioxidant processes. It
should be noted, however, that the use of glucocorticoids has been linked to an increased
risk of thromboembolic events. This should not discourage its use when necessary but
suggests caution when assessing the dose and duration of glucocorticoid treatment.

10. Recurrence Risk

Although it is a rare disorder, people who recover from a first episode of CAPS may
experience a recurrence. Considering the rarity of CAPS, there are not many studies
on this topic. In an observational study of 58 individuals, approximately a third had
a recurrence of APS-related events, which is common for APS patients; however, no
patient had recurrent CAPS during the 67 months of follow-up [63]. We specified that the
recurrence of thrombotic events is separated from recurrent CAPS [64].

We propose a flowchart for the management of CAPS in Figure 2.
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11. Discussion

Antiphospholipid syndrome is an autoimune thrombo-inflammatory disease that
presents a spectrum of clinical manifestations. The diagnosis requires positive tests for
antiphospholipid antibodies in the presence of a typical clinical manifestation, but very
often it is not so simple to made the diagnosis. Therefore, both misdiagnosis due to
failure to recognize signs or symptoms and overdiagnosis due to overinterpretation of
antiphospholipid antibody tests are common. Vitamin K antagonists remain the most
appropriate treatment. Mortality, however, is >30% despite timely initiation of adequate
treatment. Most deaths are due to multiple organ failure or cerebrovascular, cardiac, or
infectious complications. Relapses occur in approximately one-third of patients. According
to these data, CAPS remains a dangerous clinical condition, which requires surveillance,
multidisciplinary competences, and the rapid institution of the correct therapy.

Recent data suggest the potential role of biologics in CAPS, such as anti-CD38 mon-
oclonal antibody (daratumumab) [65], BAFF/Blys inhibitor (belimumab), BTK inhibitor
(zanubrutinib), and anti-TNF-a monoclonal antibodies (adalimumab, certolizumab) [66].
The primary treatment for APS is still anticoagulation, although biologics’ seems to be a
promising option (Table 3 and Figure 1). In order to understand the underlying causes of
CAPS, one future possibility involves investigating and characterizing the hereditary and
acquired risk factors associated with CAPS.
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