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Abstract
Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by blood clots and pregnancy
complications due to antiphospholipid antibodies. Catastrophic APS (CAPS), a severe variant, leads to
multiorgan failure and is often fatal. Pathogenesis involves antiphospholipid antibodies, particularly anti-
beta-2-glycoprotein I (aβ2GPI), which trigger endothelial cell (EC) activation, cytokine release, and a
prothrombotic state. Infections, surgeries, and other triggers can precipitate CAPS, leading to widespread
microthromboses and systemic inflammatory responses. CAPS predominantly affects younger patients and
those with systemic lupus erythematosus (SLE), with a high mortality rate, though recent treatment
advances have improved survival. Diagnosing CAPS involves identifying clinical manifestations, including
rapid organ involvement and small vessel occlusions, confirmed by histopathology and high
antiphospholipid antibody levels. The CAPS registry data indicate that commonly affected organs include
kidneys, lungs, central nervous system, and the heart, with a high prevalence of lupus anticoagulant and
anticardiolipin antibodies (aCL). Current management strategies focus on therapeutic anticoagulation,
immunosuppressive therapies like corticosteroids, and adjunct treatments such as plasmapheresis and
intravenous immunoglobulin (IVIG). Early use of glucocorticoids and combination therapy has significantly
improved outcomes. In life-threatening cases, especially with microangiopathy, experts recommend
performing plasma exchange (PE). Patients with associated autoimmune conditions or refractory cases may
receive cyclophosphamide (CY) and rituximab while considering PE for treatment. Maintenance of
anticoagulation with an appropriate international normalized ratio (INR) is crucial to prevent
recurrence. This article reviews the pathogenesis and epidemiology of CAPS. It also examines the current
management strategies, and discusses the challenges and controversies associated with these strategies. It
hereafter offers recommendations for future management and outlines directions for further research.

Categories: Rheumatology, Allergy/Immunology, Hematology
Keywords: anti coagulation, antiphospholipid antibody syndrome, blood clots, catastrophic antiphospholipid
syndrome, multiorgan system failure, thrombosis

Introduction And Background
Antiphospholipid syndrome (APS) is an autoimmune disorder that involves the formation of blood clots in
blood vessels and/or complications during pregnancy, occurring in the presence of antiphospholipid
antibodies [1,2]. These antibodies include lupus anticoagulant (LA), anticardiolipin antibodies (aCL), and
anti-beta-2-glycoprotein I (aβ2GPI) antibodies, which are detected through specific tests such as the enzyme
linked immunosorbent assay (ELISA) [2,3,4]. The categorization of APS into two types (primary and
secondary) is based on the presence or absence of another autoimmune disease [5]. Primary APS manifests
independently without any underlying autoimmune disease. Conversely, secondary APS occurs in
conjunction with an autoimmune disorder such as systemic lupus erythematosus (SLE) or occasionally with
other autoimmune conditions, infections, drugs, and malignancies [1,2,5,6,7]. The prevalence of APS is
estimated at approximately five per 100,000 individuals, with significant differences observed across age,
sex, and geographic region [8]. 

The term "catastrophic" was first introduced by Asherson to describe a particularly severe and rapidly
progressing complication of APS, thereby distinguishing a distinct subtype that frequently culminates in
multiorgan failure and death [1,9,10]. Catastrophic APS (CAPS)_is also known as Asherson's syndrome,
honouring Ronald A. Asherson, whose work significantly advanced the understanding of this condition [6,9].
Patients with CAPS typically share several key characteristics: a) clinical signs of involvement in multiple
organs (commonly three or more) developing rapidly; b) histopathological evidence of occlusions in
multiple small vessels; and c) laboratory confirmation of high titers of antiphospholipid antibodies (aPLA)
[11,12]. Although this complication occurs in less than 1% of APS patients, it’s potentially deadly outcomes
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underscore its critical importance in modern clinical medicine [13,14]. CAPS often presents after
precipitating factors such as the cessation or poor compliance of anticoagulation therapy, surgical
interventions, minor procedures, or infections [15].

This study offers a comprehensive overview of the pathophysiology and mechanisms of CAPS, analyzes the
clinical features and diagnostic criteria associated with CAPS, and evaluates the effectiveness of current
treatment approaches. Additionally, the study aims to identify potential gaps in current management
practices and propose future directions for improving patient outcomes.

Review
Pathogenesis
Antiphospholipid antibodies (aPLAs), particularly aβ2GPI antibodies, are central to the pathogenesis of
CAPS [1,16]. These antibodies are essential for diagnosing CAPS and are often associated with
microthrombosis [6,9,17]. When aPLAs activate endothelial cells (ECs), they increase the production of cell
adhesion molecules (e.g., E-selectin, ICAM-1, and VCAM-1, release inflammatory cytokines (e.g.,
interleukin-1β (IL-1β) and IL-6), and enhance prostacyclin metabolism [18,19]. aβ2GPI antibodies reduce
the anticoagulant function of β2GPI on EC surfaces, promoting a prothrombotic state [20,21]. The binding of
aβ2GPI to β2GPI activates ECs and induces nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-κB) nuclear translocation [21]. This activation increases the production of inflammatory cytokines (e.g.,
tumour necrosis factor alpha (TNF-α), IL-1β, IL-6, IL-8) and procoagulant factors, including tissue factor
and plasminogen activator inhibitor-1 (PAI-1), facilitating leukocyte and platelet adhesion to the
endothelium. This process contributes to diffuse microvasculopathy, characterized by microvascular
thrombosis and multiorgan failure [16].

aPLAs disrupt natural anticoagulants like protein C, protein S, antithrombin, and annexin A5. They inhibit
thrombosis [1,20,22]. aβ2GPI antibodies can recognize peptides on β2GPI that mimic bacterial and viral
antigens, suggesting that infections might trigger APS and CAPS. The interaction of β2GPI with Toll-like
receptors (TLRs) on ECs, especially TLR-4, activates intracellular signalling pathways involving IL-1
receptor-associated kinases (IRAK) and MyD88, leading to NF-κB activation and a robust inflammatory
response [20,23,24]. Various infectious agents, including dengue, typhoid fever, and respiratory pathogens,
have been identified as potential triggers for CAPS [25]. These infections stimulate aβ2GPI antibody
production through molecular mimicry, where bacterial or viral antigens resemble β2GPI [16]. This immune
response can generate cross-reactive aβ2GPI antibodies. Systemic inflammatory response syndrome (SIRS) is
a common consequence of infection in CAPS, presenting with acute respiratory distress syndrome (ARDS),
encephalopathy, and cardiac dysfunction [26].

Both septic and non-septic triggers can initiate SIRS, highlighting the connection between sepsis and CAPS.
Sepsis mechanisms, including excessive cytokine release and microvascular thrombosis, are also evident in
CAPS [14, 27]. The recognition of lipopolysaccharides (LPS) by TLRs, particularly TLR-4, in sepsis parallels
the inflammatory activation induced by aβ2GPI antibodies in CAPS [6].

In CAPS, widespread micro thromboses resemble the pathology seen in disseminated intravascular
coagulation (DIC), characterized by extensive intravascular fibrin formation, vessel occlusion, tissue
necrosis, and organ failure [6, 28]. Common triggers for both DIC and CAPS include infections, trauma,
surgery, obstetric complications, and malignancy [15]. ECs release proinflammatory cytokines (IL-1, IL-6,
TNF-α) in response to aPLAs or infections, activating a cytokine network [19]. This response disrupts protein
C an anti-coagulant and other anticoagulant pathways, contributing to a hypofibrinolytic state. Like sepsis,
CAPS involves neutrophil sequestration and aggregation in renal blood vessels and extensive infiltration in
multiple organs, leading to multiorgan involvement [6,14,27].

Kitchens postulated the idea of 'thrombotic storm', a term describing the syndrome's rapid and severe
clinical manifestations [29]. This condition arises from a genetic predisposition (the first hit) and an
environmental trigger (the second hit), such as infection or surgery, which initiates thrombus formation
[29,30]. The SIRS in CAPS is driven by excessive cytokine release (IL-1, IL-6, TNF-α), contributing to both
local thrombosis and widespread systemic effects [19,26]. In 2003, Raschi et al. further investigated the
connection between aPLAs, specifically aβ2GPI, and EC activation [24]. In APS, the binding of aβ2GPI
antibodies to ECs, monocytes, and platelets activates NF-κB and initiates an extracellular complement
cascade. This activation enhances vascular cell adhesion molecule expression and TNF-α release, promoting
thrombosis [24]. Complement activation, particularly through the classical pathway, plays a crucial role in
CAPS, leading to platelet activation, adhesion, and aggregation. The mechanism by which this takes place
involves the cell surface trophoblasts, ILs, and nitric oxides (NOs) as depicted in Figure 1 [6].
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[6]." href="https://assets.cureus.com/uploads/figure/file/1148630/lightbox_7623296057f311efa9b3415101276ff8-
pathogenesis-of-CAPS.png">

FIGURE 1: Effects of aPLA on the complement system, inflammation,
and vascular tone. Black arrows indicate the direction of change:
downward for a decrease and upward for an increase [6].
aPLA diminishes eNOS activity through its interaction with ApoER2, resulting in decreased NO production. This
reduction in NO leads to impaired vasodilation and endothelial dysfunction. Additionally, aPLA triggers the
activation of TLR and inflammasome pathways, promoting the release of inflammatory cytokines and chemokines.
On the cell surface, aPLA also activates the complement system, culminating in coagulation activation and cell
damage due to C5b-9 deposition.

β2GPI: Beta-2-glycoprotein I, ApoER2: Apolipoprotein E2 receptor; DAB2: Disabled-2; PP2A: Protein phosphatase
2A; eNOS: Nitric oxide synthase; sENG: Soluble endoglin; TLR: Toll-like receptor; TLT-8: Toll-like receptor 8;
aPLA: Antiphospholipid antibodies; NO: Nitric oxide 

Epidemiology
Unlike classic APS, which typically involves single venous or arterial occlusions, CAPS is characterized by
simultaneous small-vessel occlusions affecting multiple organs [13]. The primary source of data on CAPS is
the international CAPS registry, established by the European Forum on Antiphospholipid Antibodies. This
registry compiles clinical, laboratory, and therapeutic data on reported cases globally, and as of September
2013, it documented 433 patients corresponding to 469 episodes of CAPS , this increased to 500 reported
cases by 2016 and 584 by 2022 [3,9,31,32]. However, determining the incidence and prevalence of CAPS is
challenging due to its rarity and diagnostic complexity. CAPS affects a subset of APS patients, often
following a triggering event such as infection, surgery, or the withdrawal of anticoagulation therapy [13,14].
In 49.1% of patients, the initial clinical manifestation of APS was CAPS [3].

Additionally, mutations in complement regulatory genes have been implicated as potential risk factors [33].
The registry data indicate that CAPS generally presents in younger patients and has a higher incidence
among those with SLE [9].

The mortality rate for CAPS has historically been high. Early studies reported mortality rates as high as 50%
[9]. However, more recent data suggest a significant improvement in survival rates due to advancements in
treatment protocols [13]. Between 2001 and 2005 , the mortality rate decreased to 33.3%, compared to 53%
before 2000. A 2016 study of the CAPS registry reported a mortality rate of 37%, encompassing both primary
CAPS and SLE-associated CAPS, with as low as 25% reported in recent publications [31,34]. This reduction in
mortality is attributed to the earlier recognition of the syndrome and the more frequent use of aggressive
combination therapies, including anticoagulation, corticosteroids, PE, and intravenous immunoglobulins
(IVIG) [3,13]. An analysis of two distinct periods within the CAPS registry revealed that the mean age at
diagnosis decreased from 39.4 years in the earlier period (pre-2000) to 34.4 years in the later period (2001-
2005).

In a study conducted by Bucciarelli et al., the primary cause of death was identified in 71.1% of patients [13].
The most frequent cause was cerebral involvement (27.2%), followed by cardiac involvement and
infections (19.8% each), multiple organ failure (17.3%), pulmonary involvement (9.9%), and abdominal
involvement (4.9%). Autopsies were performed on 50.9% of the patients, revealing micro thrombosis
(84.5%), infarcts (53.4%), large vessel thrombosis (19%), pulmonary embolism (12.1%), nonbacterial
thrombotic endocarditis (27.6%) [13]. Another study carried out by Gebhart et al. found that the kidneys were
most frequently affected (73%), primarily with renal insufficiency (74.5%) [35]. Proteinuria occurred in 25%,
haematuria in 12.7%, and hypertension in 22.2%. Pulmonary issues affected 58.9%, including ARDS (37.1%)
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and emboli (24.9%). CNS involvement was seen in 55.9%, with encephalopathy (40.2%) and stroke
(35.2%). Cardiac problems were noted in 49.7%, primarily heart failure (42.1%) and myocardial infarction
(27.8%). Skin issues included livedo reticularis (42.3%) and skin necrosis (23.5%). Peripheral vascular
involvement was 36.2%, mainly venous (69.2%). Less frequently affected were the intestines (24%), spleen
(16.7%), adrenal glands (10.6%), pancreas (7.2%), retina (5.8%), and bone marrow (3.1%) [35].

Clinical Presentation and Diagnosis
CAPS is a severe variant of APS, hence an understanding of the diagnostic criteria for APS which is distinct
from that of CAPS is important. The diagnosis of APS has both clinical and laboratory criterions which have
been recently updated. The new American College of Rheumatology (ACR) and the European Alliance of
Associations for Rheumatology (EULAR) criteria for diagnosing APS include certain clinical and laboratory
entities previously considered as “non-criteria manifestations” of APS including skin, kidney, heart, and
haematologic complications of the syndrome in the old 2006 Sapporo criteria. The classification criteria as
well as the differences between the old Sapporo criteria and new ACR/EULAR criteria are listed in Table 1.
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 2006 Revised Sapporo 2023 ACR/EULAR

Classification ≥1 clinical criteria AND ≥1 laboratory criteria
≥3 points from clinical domains AND ≥3 points from laboratory
domains

Clinical criteria

Clinical criteria: 1. Vascular thrombosis: ≥1 clinical
episode of arterial, venous, or microvascular
thrombosis in any tissue or organ 2. Pregnancy
morbidity

Clinical domains: 1. Macrovascular—venous
thromboembolism * 2. Macrovascular—arterial
thromboembolism * 3. Microvascular ** 4. Obstetric 5. Cardiac
valve 6. Haematology

Included in the
APS criteria

  

Heart valve
disease

No Yes

Livedo racemosa No Yes

Thrombocytopenia No Yes

Nephropathy No Yes

Neurological
manifestations

No No

Pulmonary
haemorrhage

No Yes

Adrenal
haemorrhage

No Yes

   

Laboratory criteria   

Persistent
positivity (at 12
weeks)

Yes Yes

Timeline of aPLA
positivity and
clinical criteria

Within 5 years of clinical criterion Within 3 years of clinical criterion

Threshold of aCL
and/or aβ2GPI

aCL > 40 GPL/MPL units, or >99th percentile aβ2GPI
> 99th percentile

aCL or aβ2GPI: Moderate: 40–79 units High: ≥80 units

Antibodies for
laboratory criteria

  

Positive LA Yes Yes

IgG aCL or
aβ2GPI

Yes Yes

IgM and/or
aβ2GPI

Yes Yes (not sufficient if isolated)

TABLE 1: Main differences between 2006 revised Sapporo and 2023 ACR/EULAR classification
criteria for APS [8]
* in the setting of high- or low-thrombotic risk profiles (diagnostic weight varying).

** proven histologically or clinically (diagnostic weight varying).

aPLA: Antiphospholipid antibodies; aCL: Anticardiolipin antibodies; aβ2GPI: Anti-beta-2-glycoprotein I; GPL: IgG phospholipid unit; MPL: IgM phospholipid
unit; LA: Lupus anticoagulant

The clinical manifestations of CAPS can be categorized into those caused by ischemic organ damage and
those resulting from systemic inflammatory responses due to cytokine release [14,36]. Patients typically
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present with multiple thrombotic occlusions, microangiopathic anaemia, and thrombocytopenia,
complicating differentiation from other thrombotic microangiopathies. CAPS predominantly affects women,
many of whom present in their fourth decade of life, although it can occur across all age groups [3,37].
Identifiable precipitating factors are present in over half of CAPS cases, including infections, surgical
procedures, malignancies, withdrawal of anticoagulation, low international normalized ratio (INR) levels,
obstetric complications, certain drugs, and SLE flares [31]. Infections, particularly from Gram-negative
bacteria, are the most common triggers in children, whereas haematological diseases and malignancies are
more frequent in adults [38]. Neoplasms, associated with a thrombophilic state, are the second most
common precipitating factor, with increased thrombosis risk in cancer patients attributed to mechanisms
such as blood flow stasis, upregulation of thrombophilic substances, and the effects of chemotherapy and
central venous devices [31,39].

CAPS manifests through widespread thrombotic microangiopathy, significantly impacting organs such as
the kidneys, which were most frequently affected (73%), primarily with renal insufficiency (74.5%).
Proteinuria occurred in 25%, haematuria in 12.7%, and hypertension in 22.2%. Pulmonary issues affected
58.9%, including (ARDS) (37.1%) and emboli (24.9%). CNS involvement was seen in 55.9%, with
encephalopathy (40.2%) and stroke (35.2%). Cardiac problems were noted in 49.7%, primarily heart failure
(42.1%) and myocardial infarction (27.8%). Skin issues included livedo reticularis (42.3%) and skin necrosis
(23.5%). Peripheral vascular involvement was 36.2%, mainly venous (69.2%). Less frequently affected were
the intestines (24%), spleen (16.7%), adrenal glands (10.6%), pancreas (7.2%), retina (5.8%), and bone
marrow (3.1%) [35].

The International Congress on aPLA's classification criteria for CAPS requires the involvement of three
organs, systems, or tissues; simultaneous manifestations within a week; small vessel occlusion confirmed
histologically in at least one organ; and documented presence of aPLA on two occasions at least 12 weeks
apart as succinctly explained in Table 2 [3].

Criteria Description

1 Evidence of involvement of three or more organs, systems, and/or tissues

2 Development of manifestations simultaneously or in less than one week

3 Confirmation by histopathology of small vessel occlusion in at least one organ or tissue

4 Laboratory confirmation of the presence of antiphospholipid antibodies (lupus anticoagulant and/or aCL)

TABLE 2: Preliminary criteria for the classification of CAPS [3]
CAPS: Catastrophic antiphospholipid syndrome; aCL: Anticardiolipin antibodies

A diagnosis of definite CAPS is made when a patient meets all four criteria listed in Table 1.

Potential CAPS is diagnosed when one of the criteria is absent/incomplete such as:

1. Criteria 2, 3, and 4 are present, but only two organs or systems are involved in the pathological process,
instead of three and more;

2. Criteria 1, 2, and 3 are observed, but there is no laboratory confirmation of the presence of aPLA;

3. Criteria 1, 2, and 4 are present; or

4. Criteria 1, 3, and 4 are present, but clinical manifestations develop within 1 month, despite anticoagulant
therapy [3,9].

In children, CAPS is more commonly linked to peripheral venous thrombosis (37% compared to 23% in
elderly adults) and heart failure (37% compared to 19%). Conversely, in elderly adults, CAPS is more
frequently associated with arterial thrombosis (33% compared to 16% in children) and renal involvement
(87% compared to 71%) [37,40].

CAPS patients frequently display symptoms linked to cytokine storms and microangiopathic phenomena,
such as livedo reticularis and Raynaud’s syndrome, with purpura observed less often [41]. Severe HELLP
(haemolysis, elevated liver enzymes, and low platelets) syndrome is a significant feature during pregnancy,
a period already predisposed to thrombotic events [42]. The clinical presentation and triggers of CAPS vary
widely depending on the patient's age and whether the syndrome is primary or secondary [31]. In children,
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CAPS is more often associated with peripheral venous thrombosis and heart failure, while in older adults,
arterial thrombosis and renal issues are more common [37]. Recurrence of CAPS is rare, occurring more than
30 days after apparent remission, documented in less than 5% of cases [13]. Biological data from the CAPS
Registry indicates a high prevalence of LA in 83% of confirmed cases, anticardiolipin (aCL) IgG in 81%, aCL
IgM in 49%, aβ2GPI IgG in 78%, and antiβ2GPI IgM in 40% [33,37]. Additionally, 58% of patients exhibit low
plasma levels of C3 and C4 complement fractions, though their correlation with clinical presentation,
thrombotic state, or mortality is inconsistent. Thrombotic microangiopathy is biologically evident in
approximately one-third of cases [37, 43].

Current management strategies
Where applicable, initial management should include trigger identification and elimination. This includes
pregnancy termination and treating infections, such as a SARS-Cov-2, which has a similar coagulopathy
disorder to APS and can lead to catastrophic results [6]. The treatment of CAPS revolves around two primary
strategies: therapeutic anticoagulation to manage thrombotic events and additional therapies such as
plasmapheresis, IVIG, and immunomodulatory agents to suppress the cytokine cascade [2]. Combination
therapy involving anticoagulation, corticosteroids, IVIG, and/or PE is widely accepted. IVIG, in particular,
has beneficial effects through its fragment crystallizable (FC) receptor, reducing pathological antibody
synthesis and increasing clearance while also suppressing cytokines, modulating T-cell activity, and
inhibiting complement activation [23]. IVIG is typically administered at a dose of 0.4 g/day/kg for five days
but should be used cautiously due to risks of acute renal failure and thromboembolic events, especially in
patients where anticoagulation must be stopped due to bleeding [2,3].

The primary focus of CAPS treatment involves therapeutic anticoagulation to manage thrombotic events.
Additional therapies such as plasmapheresis, IVIG, and immunomodulatory agents are also employed to
suppress the cytokine cascade [37,44]. The combination therapy of anticoagulation, corticosteroids, IVIG,
and/or PE is widely accepted as the standard treatment for CAPS [37,45]. IVIG, in particular, has shown
beneficial effects by decreasing the synthesis of pathological antibodies, increasing their clearance,
suppressing cytokines, and modulating T-cell activity [34,45]. However, IVIG must be administered with
caution due to potential side effects, including acute renal failure and thromboembolic events, especially in
patients who cannot continue anticoagulation due to bleeding complications [23,37,45]). For patients
diagnosed with thrombotic APS, maintaining anticoagulant therapy with an appropriate INR above 2.0 is
essential as a secondary measure to prevent thrombosis [46,47]. This is crucial because recent reviews have
identified that discontinuation of anticoagulation or achieving a low INR were triggering factors in 8% of
CAPS episodes [47]. Consequently, healthcare providers managing patients with APS should carefully
consider the clinical scenarios in which anticoagulant therapy might need to be paused, such as during
surgical procedures, biopsies, or dental extractions [47,48]. A study conducted by Espinosa and Cervera
revealed that among those treated with anticoagulants, 63.1% recovered, compared to only 22.2% of those
not receiving anticoagulant therapy (p<0.0001; OR: 5.98; 95% CI: 2.84-13.80) [49]. The survival rates did not
show a statistically significant difference based on the type of anticoagulant used, with unfractionated
heparin used in 61% of episodes, oral anticoagulants in 42%, and low-molecular-weight heparin in 13% [49].

Glucocorticoids are used for their anti-inflammatory properties, inhibiting excessive cytokine responses.
Early use of glucocorticoids is recommended, with initial doses tailored to clinical manifestations, followed
by a gradual tapering [50,51]. PE is indicated in life-threatening CAPS conditions, particularly with
microangiopathy features. PE involves removing large quantities of plasma and replacing it with fresh-
frozen plasma or albumin [13,45]. The American Society for Apheresis recommends PE with grade 2C
evidence for CAPS. Replacement fluid choice remains debated, but a combination of plasma and albumin is
suggested to minimize side effects. PE duration is typically three to five days, dictated by clinical response
[49].

Cyclophosphamide (CY) is recommended for CAPS patients with SLE features but not for primary APS
patients [13]. CAPS registry analysis indicated CY's beneficial effect on SLE-CAPS patients, while it
worsened outcomes in primary CAPS patients [3,52]. CY may be used in patients with high aPLA titers to
prevent rebound after PE or IVIG treatment, with a recommended dose of 0.5-1 g/m2 [13,16,52].

Rituximab, a chimeric monoclonal antibody against CD20 on B-cells, is approved for several conditions,
including B-cell non-Hodgkin lymphoma, rheumatoid arthritis, and autoimmune diseases [53]. In an open-
label Phase II trial, rituximab was relatively safe for APS patients and showed benefits in controlling
manifestations like thrombocytopenia, skin ulcers, and cognitive dysfunction [53,54]. An analysis of 441
CAPS registry patients found that rituximab was used in 4.6% of cases, mainly as a second-line therapy due
to clinical deterioration or poor initial response [54] Among these patients, 75% survived a median follow-up
of 9.5 months, suggesting rituximab's potential role in refractory and relapsing CAPS, although the optimal
dose remains unknown [54,55].

Eculizumab, a humanized monoclonal antibody against complement C5, prevents the generation and
activation of proinflammatory molecules C5a and C5b-9 [56,57]. It is approved for conditions like
paroxysmal nocturnal haemoglobinuria and atypical haemolytic uremic syndrome [56,58]. Experimental
models indicate that interrupting complement C5a-C5a receptor interaction prevents CAPS complications.
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Despite limited case reports, eculizumab is considered a last resort medication for relapsing CAPS [56-59].

Other therapeutic options, such as defibrotide, have been clinically used in very few refractory CAPS cases.
Defibrotide reduces procoagulant activity and enhances the fibrinolytic properties of vascular ECs [14].
While only two cases of refractory CAPS treated with defibrotide were reported-one resulting in death and
the other in complete remission-further studies are needed to establish its efficacy [60]. Additionally,
prostacyclin, a potent inhibitor of platelet aggregation and a vasodilator, and fibrinolytics like streptokinase
and urokinase theoretically interfere with clotting but lack proven efficacy in CAPS treatment [61].

Challenges and controversies
Recurrent episodes of CAPS are uncommon [59]. Refractory CAPS refers to patients who do not respond to
the standard triple therapy of anticoagulants, corticosteroids, and PE or IVIG [8,62,63]. A study conducted by
Bucciarelli et al. revealed that relapsing CAPS is characterized by clinical and haematological recurrence
after at least 30 days of remission [2]. Factors such as antinuclear antibodies, LA, coexisting lupus, and age
over 36 are associated with a higher likelihood of relapse [13]. Data from the CAPS registry indicate that
relapsing episodes are rare, occurring in only 3% of patients, with infections and incomplete anticoagulation
being common triggers [3,9,64]. Incidence of CAPS is rare and the diagnoses challenging [65]. Relapsing CAP
is rarer, hence further study on understanding the cause of the rarity is a systematic study that will need its
own dedicated exhaustive research/literature. During relapses, the brain, kidneys, heart, and lungs are
frequently affected, and laboratory features of microangiopathic haemolytic anaemia (MHA), such as
schistocytes, are prevalent [3]. Treatment often includes anticoagulants and corticosteroids, with additional
therapies like PE, IVIG, CY, and rituximab used in some cases. The mortality rate for relapsing CAPS remains
high at 33% [3,63].

Diagnosing CAPS is complex due to its rapid onset and non-specific clinical presentation. The 2002 Task
Force on CAPS established criteria for definite and probable CAPS with high sensitivity and specificity,
further refined with diagnostic algorithms developed at the 13th International Congress
on Antiphospholipid Antibodies in 2010 [66]. Despite these efforts, diagnosing CAPS in acute settings
remains challenging, with many cases not fitting neatly into the established criteria [63,64]. Retrospective
data from the CAPS registry provide the bulk of epidemiological information, but these data are susceptible
to biases, including publication bias and heterogeneity in patient cohorts [13,45,64,66].

Interpreting aPLA test results is critical to diagnosing CAPS [67]. False positives can occur due to infections
or inflammatory conditions, and anticoagulant treatment can also affect test outcomes [64,67]. Conversely,
aPLA levels can be falsely negative during acute thrombotic events. CAPS diagnosis typically relies on
double testing of aPLA 12 weeks apart and histological evidence of microvascular thrombosis [64,67].
However, approximately half of CAPS cases occur in patients without a prior history of APS, complicating
the diagnostic process [68]. New therapeutic strategies such as rituximab and eculizumab have shown
promise for refractory and recurrent CAPS. However, the condition's rarity limits the availability of robust
data on their efficacy [69]. The McMaster RARE-Best practices clinical guideline suggests using classification
criteria for diagnosis and emphasizes the importance of aPLA positivity [45]. Biopsies, although highly
specific, are challenging to perform in acute settings. Consequently, empirical treatment based on clinical
suspicion is often necessary, balancing potential benefits and risks until a definitive diagnosis can be
confirmed histologically [45,64].

Case report analysis 
In a case report by Strakhan et al., a 36-year-old female presented with decreased responsiveness, profound
weakness, and visual disturbances [58]. She also presented with severe hypertension, confusion, and
dehydration, alongside lab findings, including elevated white blood cell count, reduced platelet count, and
metabolic derangements. Initial investigations revealed multiple organ involvement, with the patient
experiencing non-ST segment myocardial infarction (NSTEMI), intraretinal haemorrhage, and acute brain
changes. Elevated lactate dehydrogenase levels and the presence of schistocytes on a peripheral blood smear
indicated MHA, a feature of CAPS [9,29]. Despite initial plasmapheresis, sustained improvement was not
achieved, prompting further investigation into her coagulation profile and immune status. A renal biopsy
confirmed thrombotic microangiopathy, consistent with CAPS pathology [32]. The fluctuating nature of LA
antibodies observed in this patient post-plasmapheresis reinforces the importance of repeated antibody
testing to confirm the diagnosis [34]. The patient's lack of response to standard therapies such as
plasmapheresis and corticosteroids, along with challenges in maintaining therapeutic anticoagulation, led
to considering eculizumab. This decision was informed by case reports highlighting eculizumab's efficacy in
refractory CAPS [70]. The patient showed significant clinical improvement with eculizumab, including
stabilized renal function, normalized lactate dehydrogenase levels, and resolution of brain haemorrhagic
foci [58].

Another case was reported by del Carpio-Orantes et al., a 52-year-old male with peripheral vascular ulcers
and chronic postphlebitic syndrome [71]. The patient presented with acute abdominal pain, ileus,
pneumatosis intestinalis, and free fluid, leading to the diagnosis of intestinal and omental necrosis due to
segmental mesenteric thrombosis. Initial and subsequent surgeries were required, along with intensive care
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support due to multiorgan failure. A thrombophilia workup revealed weakly positive aCL and
histopathological findings suggested a thrombotic process. Consultation with Dr Ricard Cervera suggested
CAPS, leading to treatment with enoxaparin, methylprednisolone, and intravenous IgG. The patient showed
significant improvement, emphasizing the potential for favourable outcomes with appropriate treatment.
This case supports that peripheral vascular ulcers and postphlebitic syndrome can be manifestations of
undiagnosed primary APS [3,13,16]. It also highlights the importance of recognizing and aggressively
managing CAPS to reduce morbidity and mortality [3,16].

Recommendations for future management practice
It is essential to emphasize early diagnosis and intervention to improve care for patients with CAPS.
Enhanced recognition of CAPS symptoms among healthcare providers is crucial, given the rapid progression
and severe outcomes associated with the syndrome. Education and training programmes should be
implemented to ensure clinicians can identify CAPS early and differentiate it from other thrombotic
microangiopathies. Timely diagnosis is pivotal for initiating appropriate treatment strategies and improving
patient outcomes [3]. Optimizing anticoagulation therapy is a crucial recommendation for managing CAPS.
Patients diagnosed with thrombotic APS should maintain therapeutic anticoagulation with an INR above 2.0
to prevent thrombosis. Healthcare providers must carefully consider the clinical scenarios that may require
the temporary discontinuation of anticoagulation, such as surgical procedures, biopsies, or dental
extractions [46,47]. Ensuring continuity of anticoagulation therapy can significantly reduce the risk of CAPS
episodes triggered by low INR levels or cessation of anticoagulation.

The use of combination therapy, including corticosteroids, IVIG, and PE, should be standardized as part of
CAPS treatment protocols. IVIG has shown beneficial effects by reducing pathological antibody synthesis,
increasing antibody clearance, and modulating immune responses. However, it must be used cautiously due
to potential side effects, including acute renal failure and thromboembolic events [23,45]. PE, particularly in
life-threatening cases of CAPS with microangiopathy features, involves removing large quantities of plasma
and replacing it with fresh-frozen plasma or albumin and is recommended with a grade 2C evidence by the
American Society for Apheresis [49]. Tailoring immunosuppressive therapy based on individual patient
characteristics, especially in those with SLE, is essential. CY has demonstrated beneficial effects in SLE-
CAPS patients but may worsen outcomes in primary CAPS patients [16,52]. Therefore, CY should be reserved
for patients with high antiphospholipid antibody titers and those with SLE features to prevent rebound after
PE or IVIG treatment. Additionally, the use of rituximab, a monoclonal antibody targeting CD20 on B-cells,
has shown promise in controlling CAPS manifestations and may be considered as a second-line therapy in
patients who do not respond to initial treatments [53,54].

Establishing a comprehensive care networks and more specialized centers for CAPS management similar to
the ones found in major hospitals like john Hopkins in the US and Kings college Hospital in the UK can
significantly improve patient outcomes. These centers should offer multidisciplinary care, including
rheumatologists, haematologists, nephrologists, and other specialists, to address the multiorgan
involvement characteristic of CAPS. Collaborative research and clinical practice efforts can facilitate the
development of standardized treatment protocols and enhance the understanding of CAPS pathophysiology,
ultimately leading to improved management and survival rates for patients with this rare and severe
condition [3].

Strengths of the review
This review offers a comprehensive and detailed examination of CAPS, effectively synthesizing information
from multiple case reports and authoritative sources. One of its primary strengths lies in the meticulous
analysis of individual case studies, such as those presented by Strakhan et al. and del Carpio-Orantes et al.,
which provide real-world insights into the clinical presentation, diagnostic challenges, and therapeutic
responses of CAPS patients [58,71]. By highlighting specific patient outcomes and the efficacy of various
treatment modalities, the review underscores the importance of personalized and evidence-based
approaches in managing this complex syndrome. The review emphasizes the necessity of a multidisciplinary
approach, involving rheumatologists, haematologists, and critical care specialists, which is crucial for the
effective management of CAPS due to its multiorgan involvement. Also, the review’s focus on the evolving
understanding of CAPS pathophysiology and the subsequent advancements in treatment protocols. It draws
attention to the importance of maintaining therapeutic anticoagulation and the role of combination
therapy, including corticosteroids, IVIG, and PE. The inclusion of newer therapeutic options like eculizumab
and rituximab for refractory cases illustrates a forward-looking perspective, aligning with the latest research
and clinical practices. This thorough approach provides a valuable resource for healthcare professionals
seeking to update their knowledge and improve patient outcomes through evidence-based interventions.

Limitations of the review
Despite its comprehensive nature, the review does have several limitations that warrant consideration. One
notable limitation is the reliance on case reports and retrospective analyses, which, while informative, may
not provide the generalizability and statistical robustness of larger, controlled studies. The specificity of
individual patient responses highlighted in case reports, such as those by Strakhan et al. and del Carpio-
Orantes et al., may not be universally applicable, limiting the broader applicability of the findings [58,71].
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Furthermore, the review does not adequately address the potential biases inherent in case report literature,
such as publication bias, where only positive outcomes tend to be reported, potentially skewing the
perception of treatment efficacy. Another limitation is the relatively scant discussion on the long-term
outcomes and follow-up of patients with CAPS. While the review provides detailed accounts of acute
management and short-term responses, it lacks depth in exploring the chronic management strategies and
long-term prognoses of CAPS patients. Additionally, the review could benefit from a more critical appraisal
of the existing diagnostic criteria and the challenges associated with early and accurate diagnosis of CAPS.
The complexity of differentiating CAPS from other thrombotic microangiopathies is acknowledged, but
further elaboration on diagnostic advancements and the role of emerging biomarkers would enhance the
review’s utility for clinical practitioners. 

Conclusions
CAPS is a rare but severe variant of APS characterized by rapid onset and widespread small-vessel
thrombosis leading to multiorgan failure. Despite its rarity, CAPS presents significant clinical challenges due
to its high mortality rate and complex pathophysiology involving immune, thrombotic, and inflammatory
processes. Advances in understanding the mechanisms of CAPS have improved diagnostic criteria and
treatment protocols, contributing to better patient outcomes. However, despite these advancements, CAPS
remains a critical condition requiring immediate and aggressive treatment. Early recognition, prompt and
aggressive intervention, and ongoing research into novel therapeutic targets are essential to improving the
prognosis for patients with this devastating syndrome. The multidisciplinary approach, integrating
rheumatology, haematology, and critical care expertise, will continue to be pivotal in the management of
CAPS, ensuring that advances in research translate into meaningful clinical outcomes for affected patients.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Ayoyimika O. Okunlola, Mwila Sabi, Temitope O. Ajao, Olayinka D. Kolawole, Osasere
A. Eweka, Abbas Karim, Toluwani E. Adebayo

Drafting of the manuscript:  Ayoyimika O. Okunlola, Temitope O. Ajao, Toluwani E. Adebayo

Critical review of the manuscript for important intellectual content:  Ayoyimika O. Okunlola, Mwila
Sabi, Temitope O. Ajao, Olayinka D. Kolawole, Osasere A. Eweka, Abbas Karim

Supervision:  Ayoyimika O. Okunlola

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Caraiola S, Voicu L, Jurcut C, et al.: Criteria and non-criteria antiphospholipid antibodies in

antiphospholipid syndrome: how strong are they correlated?. Biomedicines. 2023,
11:10.3390/biomedicines11082192

2. Cervera R: Update on the diagnosis, treatment, and prognosis of the catastrophic antiphospholipid
syndrome. Curr Rheumatol Rep. 2010, 12:70-6. 10.1007/s11926-009-0073-6

3. Cervera R, Rodríguez-Pintó I, Colafrancesco S, et al.: 14th International Congress on Antiphospholipid
Antibodies Task Force report on catastrophic antiphospholipid syndrome. Autoimmun Rev. 2014, 13:699-
707. 10.1016/j.autrev.2014.03.002

4. Miyakis S, Lockshin MD, Atsumi T, et al.: International consensus statement on an update of the
classification criteria for definite antiphospholipid syndrome (APS). J Thromb Haemost. 2006, 4:295-306.
10.1111/j.1538-7836.2006.01753.x

5. Mubarak M, Nasri H: What nephrolopathologists need to know about antiphospholipid syndrome-associated
nephropathy: is it time for formulating a classification for renal morphologic lesions?. J Nephropathol. 2014,
3:4-8. 10.12860/jnp.2014.02

6. Bitsadze V, Yakubova F, Khizroeva J, et al.: Catastrophic antiphospholipid syndrome. Int J Mol Sci. 2024,
25:10.3390/ijms25010668

7. Asherson RA: The catastrophic antiphospholipid (Asherson's) syndrome . Autoimmun Rev. 2006, 6:64-7.
10.1016/j.autrev.2006.06.005

8. Jacobs L, Wauters N, Lablad Y, Morelle J, Taghavi M: Diagnosis and Management of Catastrophic

 

2024 Okunlola et al. Cureus 16(9): e69730. DOI 10.7759/cureus.69730 10 of 13

https://dx.doi.org/10.3390/biomedicines11082192
https://dx.doi.org/10.3390/biomedicines11082192
https://dx.doi.org/10.1007/s11926-009-0073-6
https://dx.doi.org/10.1007/s11926-009-0073-6
https://dx.doi.org/10.1016/j.autrev.2014.03.002
https://dx.doi.org/10.1016/j.autrev.2014.03.002
https://dx.doi.org/10.1111/j.1538-7836.2006.01753.x
https://dx.doi.org/10.1111/j.1538-7836.2006.01753.x
https://dx.doi.org/10.12860/jnp.2014.02
https://dx.doi.org/10.12860/jnp.2014.02
https://dx.doi.org/10.3390/ijms25010668
https://dx.doi.org/10.3390/ijms25010668
https://dx.doi.org/10.1016/j.autrev.2006.06.005
https://dx.doi.org/10.1016/j.autrev.2006.06.005


Antiphospholipid Syndrome and the Potential Impact of the 2023 ACR/EULAR Antiphospholipid Syndrome
Classification Criteria. Antibodies (Basel). 2024, 13:10.3390/antib13010021

9. Gómez-Puerta JA, Martín H, Amigo MC, et al.: Long-term follow-up in 128 patients with primary
antiphospholipid syndrome: do they develop lupus?. Medicine (Baltimore). 2005, 84:225-30.
10.1097/01.md.0000172074.53583.ea

10. Knight JS, Branch DW, Ortel TL: Antiphospholipid syndrome: advances in diagnosis, pathogenesis, and
management. bmj. 2023, 27:380. 10.1136/bmj-2021-069717

11. Erkan D, Asherson RA, Espinosa G, Cervera R, Font J, Piette JC, Lockshin MD: Long term outcome of
catastrophic antiphospholipid syndrome survivors. Ann Rheum Dis. 2003, 62:530-3. 10.1136/ard.62.6.530

12. Rodziewicz M, D'Cruz DP: An update on the management of antiphospholipid syndrome . Ther Adv
Musculoskelet Dis. 2020, 12:10.1177/1759720X20910855

13. Bucciarelli S, Espinosa G, Cervera R, et al.: Mortality in the catastrophic antiphospholipid syndrome: causes
of death and prognostic factors in a series of 250 patients. Arthritis Rheum. 2006, 54:2568-76.
10.1002/art.22018

14. Espinosa G, Bucciarelli S, Cervera R, et al.: Thrombotic microangiopathic haemolytic anaemia and
antiphospholipid antibodies. Ann Rheum Dis. 2004, 63:730-6. 10.1136/ard.2003.007245

15. Sciascia S, Sanna G, Khamashta MA, Cuadrado MJ, Erkan D, Andreoli L, Bertolaccini ML: The estimated
frequency of antiphospholipid antibodies in young adults with cerebrovascular events: a systematic review.
Ann Rheum Dis. 2015, 74:2028-33. 10.1136/annrheumdis-2014-205663

16. Asherson RA: Multiorgan failure and antiphospholipid antibodies: the catastrophic antiphospholipid
(Asherson's) syndrome. Immunobiology. 2005, 210:727-33. 10.1016/j.imbio.2005.10.002

17. Recurrent pregnancy loss: causes, controversies, and treatment, second edition . HJ Carp (ed): CRC Press,
Boca Raton; 2014. 10.1201/b17855

18. Bhatia M, Moochhala S: Role of inflammatory mediators in the pathophysiology of acute respiratory distress
syndrome. J Pathol. 2004, 202:145-56. 10.1002/path.1491

19. Meroni PL, Borghi MO, Raschi E, Tedesco F: Pathogenesis of antiphospholipid syndrome: understanding the
antibodies. Nat Rev Rheumatol. 2011, 7:330-9. 10.1038/nrrheum.2011.52

20. Giannakopoulos B, Krilis SA: The pathogenesis of the antiphospholipid syndrome . N Engl J Med. 2013,
368:1033-44. 10.1056/NEJMra1112830

21. Feng W, Qiao J, Tan Y, et al.: Interaction of antiphospholipid antibodies with endothelial cells in
antiphospholipid syndrome. Front Immunol. 2024, 15:1361519. 10.3389/fimmu.2024.1361519

22. Chighizola CB, Raschi E, Borghi MO, Meroni PL: Update on the pathogenesis and treatment of the
antiphospholipid syndrome. Curr Opin Rheumatol. 2015, 27:476-82. 10.1097/BOR.0000000000000200

23. Carmi O, Berla M, Shoenfeld Y, Levy Y: Diagnosis and management of catastrophic antiphospholipid
syndrome. Expert Rev Hematol. 2017, 10:365-74. 10.1080/17474086.2017.1300522

24. Raschi E, Testoni C, Bosisio D, Borghi MO, Koike T, Mantovani A, Meroni PL: Role of the MyD88
transduction signaling pathway in endothelial activation by antiphospholipid antibodies. Blood. 2003,
101:3495-500. 10.1182/blood-2002-08-2349

25. Sène D, Piette JC, Cacoub P: Antiphospholipid antibodies, antiphospholipid syndrome and infections.
Autoimmun Rev. 2008, 7:272-7. 10.1016/j.autrev.2007.10.001

26. Mustafa R: Neurologic manifestations of catastrophic antiphospholipid syndrome . Current Neurology and
Neuroscience Reports. 2022, 22:589-600. 10.1007/s11910-022-01228-0

27. Cohen J: The immunopathogenesis of sepsis . Nature. 2002, 420:885-91. 10.1038/nature01326
28. Kohn DB: Historical perspective on the current renaissance for hematopoietic stem cell gene therapy .

Hematol Oncol Clin North Am. 2017, 31:721-35. 10.1016/j.hoc.2017.06.006
29. Kitchens CS: Thrombotic storm: when thrombosis begets thrombosis . Am J Med. 1998, 104:381-5.

10.1016/s0002-9343(98)00061-8
30. Raschi E, Borghi MO, Tedesco F, Meroni PL: Antiphospholipid syndrome pathogenesis in 2023: an update of

new mechanisms or just a reconsideration of the old ones?. Rheumatology (Oxford). 2024, 63:SI4-13.
10.1093/rheumatology/kead603

31. Rodríguez-Pintó I, Moitinho M, Santacreu I, Shoenfeld Y, Erkan D, Espinosa G, Cervera R: Catastrophic
antiphospholipid syndrome (CAPS): descriptive analysis of 500 patients from the International CAPS
Registry. Autoimmun Rev. 2016, 15:1120-4. 10.1016/j.autrev.2016.09.010

32. López-Benjume B, Rodríguez-Pintó I, Amigo MC, Erkan D, Shoenfeld Y, Cervera R, Espinosa G: Eculizumab
use in catastrophic antiphospholipid syndrome (CAPS): descriptive analysis from the "CAPS Registry".
Autoimmun Rev. 2022, 21:103055. 10.1016/j.autrev.2022.103055

33. Chaturvedi S, Braunstein EM, Yuan X, et al.: Complement activity and complement regulatory gene
mutations are associated with thrombosis in APS and CAPS. Blood. 2020, 135:239-51.
10.1182/blood.2019003863

34. Rodriguez-Pintó I, Espinosa G, Cervera R: Catastrophic antiphospholipid syndrome: lessons from the "CAPS
Registry". Med Clin (Barc). 2024, 163:S31-5. 10.1016/j.medcli.2024.02.011

35. Lund JL, Østgård LS, Prandoni P, Sørensen HT, de Nully Brown P: Incidence, determinants and the transient
impact of cancer treatments on venous thromboembolism risk among lymphoma patients in Denmark.
Thromb Res. 2015, 136:917-23. 10.1016/j.thromres.2015.09.001

36. de Jager W, Bourcier K, Rijkers GT, Prakken BJ, Seyfert-Margolis V: Prerequisites for cytokine measurements
in clinical trials with multiplex immunoassays. BMC Immunol. 2009, 10:52. 10.1186/1471-2172-10-52

37. Cervera R, Rodríguez-Pintó I, Espinosa G: The diagnosis and clinical management of the catastrophic
antiphospholipid syndrome: a comprehensive review. J Autoimmun. 2018, 92:1-11.
10.1016/j.jaut.2018.05.007

38. Charbonneau S, Girard F, Boudreault D, Ruel M, Blais N, Hardy JF: Recombinant human activated factor VII
is thrombogenic in a rabbit model of cyclic flow reduction and does not reduce intra-abdominal bleeding.
Thromb Haemost. 2007, 97:296-303.

39. Baker WF Jr, Bick RL: The clinical spectrum of antiphospholipid syndrome . Hematol Oncol Clin North Am.
2008, 22:33-52. 10.1016/j.hoc.2007.10.007

 

2024 Okunlola et al. Cureus 16(9): e69730. DOI 10.7759/cureus.69730 11 of 13

https://dx.doi.org/10.3390/antib13010021
https://dx.doi.org/10.3390/antib13010021
https://dx.doi.org/10.1097/01.md.0000172074.53583.ea
https://dx.doi.org/10.1097/01.md.0000172074.53583.ea
https://dx.doi.org/10.1136/bmj-2021-069717 
https://dx.doi.org/10.1136/bmj-2021-069717 
https://dx.doi.org/10.1136/ard.62.6.530
https://dx.doi.org/10.1136/ard.62.6.530
https://dx.doi.org/10.1177/1759720X20910855
https://dx.doi.org/10.1177/1759720X20910855
https://dx.doi.org/10.1002/art.22018
https://dx.doi.org/10.1002/art.22018
https://dx.doi.org/10.1136/ard.2003.007245
https://dx.doi.org/10.1136/ard.2003.007245
https://dx.doi.org/10.1136/annrheumdis-2014-205663
https://dx.doi.org/10.1136/annrheumdis-2014-205663
https://dx.doi.org/10.1016/j.imbio.2005.10.002
https://dx.doi.org/10.1016/j.imbio.2005.10.002
https://dx.doi.org/10.1201/b17855
https://dx.doi.org/10.1201/b17855
https://dx.doi.org/10.1002/path.1491
https://dx.doi.org/10.1002/path.1491
https://dx.doi.org/10.1038/nrrheum.2011.52
https://dx.doi.org/10.1038/nrrheum.2011.52
https://dx.doi.org/10.1056/NEJMra1112830
https://dx.doi.org/10.1056/NEJMra1112830
https://dx.doi.org/10.3389/fimmu.2024.1361519
https://dx.doi.org/10.3389/fimmu.2024.1361519
https://dx.doi.org/10.1097/BOR.0000000000000200
https://dx.doi.org/10.1097/BOR.0000000000000200
https://dx.doi.org/10.1080/17474086.2017.1300522
https://dx.doi.org/10.1080/17474086.2017.1300522
https://dx.doi.org/10.1182/blood-2002-08-2349
https://dx.doi.org/10.1182/blood-2002-08-2349
https://dx.doi.org/10.1016/j.autrev.2007.10.001
https://dx.doi.org/10.1016/j.autrev.2007.10.001
https://dx.doi.org/10.1007/s11910-022-01228-0
https://dx.doi.org/10.1007/s11910-022-01228-0
https://dx.doi.org/10.1038/nature01326
https://dx.doi.org/10.1038/nature01326
https://dx.doi.org/10.1016/j.hoc.2017.06.006
https://dx.doi.org/10.1016/j.hoc.2017.06.006
https://dx.doi.org/10.1016/s0002-9343(98)00061-8
https://dx.doi.org/10.1016/s0002-9343(98)00061-8
https://dx.doi.org/10.1093/rheumatology/kead603
https://dx.doi.org/10.1093/rheumatology/kead603
https://dx.doi.org/10.1016/j.autrev.2016.09.010
https://dx.doi.org/10.1016/j.autrev.2016.09.010
https://dx.doi.org/10.1016/j.autrev.2022.103055
https://dx.doi.org/10.1016/j.autrev.2022.103055
https://dx.doi.org/10.1182/blood.2019003863
https://dx.doi.org/10.1182/blood.2019003863
https://dx.doi.org/10.1016/j.medcli.2024.02.011
https://dx.doi.org/10.1016/j.medcli.2024.02.011
https://dx.doi.org/10.1016/j.thromres.2015.09.001
https://dx.doi.org/10.1016/j.thromres.2015.09.001
https://dx.doi.org/10.1186/1471-2172-10-52
https://dx.doi.org/10.1186/1471-2172-10-52
https://dx.doi.org/10.1016/j.jaut.2018.05.007
https://dx.doi.org/10.1016/j.jaut.2018.05.007
https://pubmed.ncbi.nlm.nih.gov/17264960/
https://dx.doi.org/10.1016/j.hoc.2007.10.007
https://dx.doi.org/10.1016/j.hoc.2007.10.007


40. What the neighbors say. J Thromb Haemost. 2017, 15:1050. 10.1111/jth.13726
41. Dupré A, Morel N, Yelnik C, et al.: Cutaneous involvement in catastrophic antiphospholipid syndrome in a

multicenter cohort of 65 patients. JAMA Dermatol. 2023, 159:62-7. 10.1001/jamadermatol.2022.5221
42. Fuentes Carrasco M, Mayoral Triana A, Cristóbal García IC, Pérez Pérez N, Izquierdo Méndez N, Soler Ruiz P,

González González V: Catastrophic antiphospholipid syndrome during pregnancy. Eur J Obstet Gynecol
Reprod Biol. 2021, 264:21-4. 10.1016/j.ejogrb.2021.07.002

43. Perkins RM, Reynolds JC, Ahuja TS, et al.: Thrombotic microangiopathy in United States long-term dialysis
patients. Nephrol Dial Transplant. 2006, 21:191-6. 10.1093/ndt/gfi153

44. Minoia F, Davì S, Horne A, et al.: Clinical features, treatment, and outcome of macrophage activation
syndrome complicating systemic juvenile idiopathic arthritis: a multinational, multicenter study of 362
patients. Arthritis Rheumatol. 2014, 66:3160-9. 10.1002/art.38802

45. Canis K, Anzengruber J, Garenaux E, et al.: In-depth comparison of N-glycosylation of human plasma-
derived factor VIII and different recombinant products: from structure to clinical implications. J Thromb
Haemost. 2018, 10.1111/jth.14204

46. Capecchi M, Abbattista M, Ciavarella A, Uhr M, Novembrino C, Martinelli I: Anticoagulant therapy in
patients with antiphospholipid syndrome. J Clin Med. 2022, 11: 10.3390/jcm11236984

47. Lim W: Antiphospholipid syndrome. Hematol Oncol Clin North Am. 2016, 30:473-86.
10.1182/asheducation-2013.1.675

48. Helms J, Tacquard C, Severac F, et al.: High risk of thrombosis in patients with severe SARS-CoV-2
infection: a multicenter prospective cohort study. Intensive Care Med. 2020, 46:1089-98. 10.1007/s00134-
020-06062

49. Vlachoyiannopoulos PG, Tsiakou E, Chalevelakis G, Raptis SA, Moutsopoulos HM: Antiphospholipid
syndrome: clinical and therapeutic aspects. Lupus. 1994, 3:91-6. 10.1177/096120339400300206

50. Arachchillage DJ, Platton S, Hickey K, et al.: Guidelines on the investigation and management of
antiphospholipid syndrome. Br J Haematol. 2024, 10.1111/bjh.19635

51. Lee EY, Lee ZH, Song YW: CXCL10 and autoimmune diseases. Autoimmun Rev. 2009, 8:379-83.
10.1016/j.autrev.2008.12.002

52. Bayraktar UD, Erkan D, Bucciarelli S, Espinosa G, Asherson R: The clinical spectrum of catastrophic
antiphospholipid syndrome in the absence and presence of lupus. J Rheumatol. 2007, 34:346-52.

53. Erkan D, Willis R, Murthy VL, et al.: A prospective open-label pilot study of fluvastatin on proinflammatory
and prothrombotic biomarkers in antiphospholipid antibody positive patients. Ann Rheum Dis. 2014,
73:1176-80. 10.1136/annrheumdis-2013-203622

54. Erre GL, Pardini S, Faedda R, et al.: Effect of rituximab on clinical and laboratory features of
antiphospholipid syndrome: a case report and a review of literature. Lupus. 2008, 17:50-5.
10.1177/0961203307085

55. Berman H, Rodríguez-Pintó I, Cervera R, et al.: Rituximab use in the catastrophic antiphospholipid
syndrome: descriptive analysis of the CAPS registry patients receiving rituximab. Autoimmun Rev. 2013,
12:1085-90. 10.1016/j.autrev.2013.05.004

56. Yun Z, Duan L, Liu X, Cai Q, Li C: An update on the biologics for the treatment of antiphospholipid
syndrome. Front Immunol. 2023, 14:1145145. 10.3389/fimmu.2023.1145145

57. Shapira I, Andrade D, Allen SL, Salmon JE, Belmont HM: Brief report: Induction of sustained remission in
severe and refractory nonrenal systemic lupus erythematosus by eculizumab: A pilot study. Arthritis
Rheumatol. 2012, 64:4040-7. 10.1002/art.34440

58. Strakhan M, Hurtado-Sbordoni M, Galeas N, Bakirhan K, Alexis K, Elrafei T: 36-year-old female with
catastrophic antiphospholipid syndrome treated with eculizumab: a case report and review of literature.
Case Rep Hematol. 2014, 2014:704371. 10.1155/2014/704371

59. Girardi G, Berman J, Redecha P, et al.: Complement C5a receptors and neutrophils mediate fetal injury in the
antiphospholipid syndrome. J Clin Invest. 2003, 112:1644-54. 10.1172/JCI18817

60. Burcoglu-O'Ral A, Erkan D, Asherson R: Treatment of catastrophic antiphospholipid syndrome with
defibrotide, a proposed vascular endothelial cell modulator. J Rheumatol. 2002, 29:2006-11.

61. Bucciarelli S, Espinosa G, Asherson RA, et al.: The acute respiratory distress syndrome in catastrophic
antiphospholipid syndrome: analysis of a series of 47 patients. Ann Rheum Dis. 2006, 65:81-6.
10.1136/ard.2005.037671

62. El Hasbani G, Taher AT, Sciascia S, Uthman I: Antiphospholipid syndrome: the need for new international
classification criteria. Expert Rev Clin Immunol. 2021, 17:385-94. 10.1080/1744666X.2021.1900733

63. Kazzaz NM, McCune WJ, Knight JS: Treatment of catastrophic antiphospholipid syndrome . Curr Opin
Rheumatol. 2016, 28:218-27. 10.1097/BOR.0000000000000269

64. Asherson RA, Espinosa G, Menahem S, Yinh J, Bucciarelli S, Bosch X, Cervera R: Relapsing catastrophic
antiphospholipid syndrome: report of three cases. Semin Arthritis Rheum. 2008, 37:366-72.
10.1016/j.semarthrit.2007.08.001

65. Barbhaiya M, Zuily S, Naden R, et al.: The 2023 ACR/EULAR antiphospholipid syndrome classification
criteria. Arthritis Rheumatol. 2023, 75:1687-702. 10.1002/art.42624

66. Cervera R, Font J, Gómez-Puerta JA, et al.: Validation of the preliminary criteria for the classification of
catastrophic antiphospholipid syndrome. Ann Rheum Dis. 2005, 64:1205-9. 10.1136/ard.2004.025759

67. Avcin T, Toplak N: Antiphospholipid antibodies in response to infection . Curr Rheumatol Rep. 2007, 9:212-
8. 10.1007/s11926-007-0034-x

68. Drenkard C, Sánchez-Guerrero J, Alarcón-Segovia D: Fall in antiphospholipid antibody at time of
thromboocclusive episodes in systemic lupus erythematosus. J Rheumatol. 1989, 16:614-7.

69. Tinti MG, Carnevale V, Inglese M, Molinaro F, Bernal M, Migliore A, De Cata A: Eculizumab in refractory
catastrophic antiphospholipid syndrome: a case report and systematic review of the literature. Clin Exp
Med. 2019, 19:281-8. 10.1007/s10238-019-00565-8

70. Andrade D, Tektonidou MG: Assessing disease activity and damage in antiphospholipid syndrome . Clin
Immunol. 2023, 255:109727. 10.1016/j.clim.2023.109727

71. Matus-Mayorga R, Barrera-Vargas A, Rull-Gabayet M, et al.: Risk factors for ischemic antiphospholipid

 

2024 Okunlola et al. Cureus 16(9): e69730. DOI 10.7759/cureus.69730 12 of 13

https://dx.doi.org/10.1111/jth.13726
https://dx.doi.org/10.1111/jth.13726
https://dx.doi.org/10.1001/jamadermatol.2022.5221
https://dx.doi.org/10.1001/jamadermatol.2022.5221
https://dx.doi.org/10.1016/j.ejogrb.2021.07.002
https://dx.doi.org/10.1016/j.ejogrb.2021.07.002
https://dx.doi.org/10.1093/ndt/gfi153
https://dx.doi.org/10.1093/ndt/gfi153
https://dx.doi.org/10.1002/art.38802
https://dx.doi.org/10.1002/art.38802
https://dx.doi.org/10.1111/jth.14204
https://dx.doi.org/10.1111/jth.14204
https://dx.doi.org/10.3390/jcm11236984
https://dx.doi.org/10.3390/jcm11236984
https://dx.doi.org/10.1182/asheducation-2013.1.675
https://dx.doi.org/10.1182/asheducation-2013.1.675
https://dx.doi.org/10.1007/s00134-020-06062
https://dx.doi.org/10.1007/s00134-020-06062
https://dx.doi.org/10.1177/096120339400300206
https://dx.doi.org/10.1177/096120339400300206
https://dx.doi.org/10.1111/bjh.19635
https://dx.doi.org/10.1111/bjh.19635
https://dx.doi.org/10.1016/j.autrev.2008.12.002
https://dx.doi.org/10.1016/j.autrev.2008.12.002
https://pubmed.ncbi.nlm.nih.gov/17304658/
https://dx.doi.org/10.1136/annrheumdis-2013-203622
https://dx.doi.org/10.1136/annrheumdis-2013-203622
https://dx.doi.org/10.1177/0961203307085
https://dx.doi.org/10.1177/0961203307085
https://dx.doi.org/10.1016/j.autrev.2013.05.004
https://dx.doi.org/10.1016/j.autrev.2013.05.004
https://dx.doi.org/10.3389/fimmu.2023.1145145
https://dx.doi.org/10.3389/fimmu.2023.1145145
https://dx.doi.org/10.1002/art.34440
https://dx.doi.org/10.1002/art.34440
https://dx.doi.org/10.1155/2014/704371
https://dx.doi.org/10.1155/2014/704371
https://dx.doi.org/10.1172/JCI18817
https://dx.doi.org/10.1172/JCI18817
https://www.jrheum.org/content/29/9/2006.short
https://dx.doi.org/10.1136/ard.2005.037671
https://dx.doi.org/10.1136/ard.2005.037671
https://dx.doi.org/10.1080/1744666X.2021.1900733
https://dx.doi.org/10.1080/1744666X.2021.1900733
https://dx.doi.org/10.1097/BOR.0000000000000269
https://dx.doi.org/10.1097/BOR.0000000000000269
https://dx.doi.org/10.1016/j.semarthrit.2007.08.001
https://dx.doi.org/10.1016/j.semarthrit.2007.08.001
https://dx.doi.org/10.1002/art.42624
https://dx.doi.org/10.1002/art.42624
https://dx.doi.org/10.1136/ard.2004.025759
https://dx.doi.org/10.1136/ard.2004.025759
https://dx.doi.org/10.1007/s11926-007-0034-x
https://dx.doi.org/10.1007/s11926-007-0034-x
https://pubmed.ncbi.nlm.nih.gov/2754665/
https://dx.doi.org/10.1007/s10238-019-00565-8
https://dx.doi.org/10.1007/s10238-019-00565-8
https://dx.doi.org/10.1016/j.clim.2023.109727
https://dx.doi.org/10.1016/j.clim.2023.109727
https://dx.doi.org/10.1016/j.clineuro.2021.106492


syndrome: a case-control study. Clin Neurol Neurosurg. 2021, 202:106492. 10.1016/j.clineuro.2021.106492

 

2024 Okunlola et al. Cureus 16(9): e69730. DOI 10.7759/cureus.69730 13 of 13

https://dx.doi.org/10.1016/j.clineuro.2021.106492

	Catastrophic Antiphospholipid Syndrome: A Review of Current Evidence and Future Management Practices
	Abstract
	Introduction And Background
	Review
	Pathogenesis
	FIGURE 1: Effects of aPLA on the complement system, inflammation, and vascular tone. Black arrows indicate the direction of change: downward for a decrease and upward for an increase [6].

	Epidemiology
	Clinical Presentation and Diagnosis
	TABLE 1: Main differences between 2006 revised Sapporo and 2023 ACR/EULAR classification criteria for APS [8]
	TABLE 2: Preliminary criteria for the classification of CAPS [3]

	Current management strategies
	Challenges and controversies
	Case report analysis
	Recommendations for future management practice
	Strengths of the review
	Limitations of the review

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


