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Preface

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized
by vascular thrombosis and/or pregnancy-related morbidity in the presence of
persistently positive antiphospholipid antibodies (aPL). APS is considered the most
common acquired form of thrombophilia worldwide. Obstetric APS is a complex
entity that can affect both the mother and the fetus throughout pregnancy with
high morbidity. At least one clinical criterion (vascular thrombosis or pregnancy
morbidity) and one laboratory-based criterion (positive test result for lupus
anticoagulant, anticardiolipin antibodies, and/or anti-f2-glycoprotein-1 antibodies)
must be met for a patient to be classified as having APS. In the general population,
the incidence of clinical manifestations significant for APS is high and could often
be triggered by other underlying factors. Therefore, the diagnosis of APS relies
primarily on laboratory measurements of aPL. However, current laboratory-based
tests for aPL are hampered by technical limitations. Despite numerous attempts to
increase their specificity, a high number of patients are still misdiagnosed. There is
a need for novel, robust, and reliable biomarkers to firstly detect APS and secondly
to monitor the risk for recurrent events over time.

This book consists of three sections. The first section contains the introductory
chapter. The second section discusses important clinical aspects of APS and the
cellular and/or molecular mechanisms potentially involved. Topics covered in this
section include stroke and APS, obstetric manifestations of APS, and bleeding
complications in APS. The third section discusses novelties in the diagnosis and
pathogenesis of APS. The two chapters in this section examine the diagnostic utility
of anovel autoantibody against p2-glycoprotein I/HLA class I complexes and
recent findings in the field of extracellular vesicles, which offer promising aspects
that may explain their role in the pathogenesis of APS.

Polona Zigon

Department of Rheumatology,
University Medical Centre Ljubljana,
Ljubljana, Slovenia
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Chapter1

Introductory Chapter:
Antiphospholipid Antibodies - A
Laboratory Criterion for the
Antiphospholipid Syndrome,

but Also Bystanders in Infections,
Cancer, and Other Conditions

Polona Zigon

1. Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune thromboinflammatory
disorder characterized by vascular thrombosis and pregnancy-related morbidity accom-
panied by persistent positive antiphospholipid antibodies (aPL) [1, 2]. APS is considered
the most common acquired form of thrombophilia worldwide [3]. Obstetric APSisa
complex entity that can affect both the mother and the fetus throughout pregnancy
with high morbidity. The clinical complications of obstetric APS are diverse and include
recurrent fetal loss, stillbirth, intrauterine growth failure, and preeclampsia [4]. In addi-
tion to thrombosis and pregnancy loss, other pathological manifestations regularly occur
with APS including thrombocytopenia, destruction of heart valves, accelerated athero-
sclerosis, nephropathy, movement disorders, and cognitive decline [5]. Catastrophic APS
(CAPS) is characterized by the rapid development of thrombosis in multiple organs and
micro-thrombosis within a short period of time. Pediatric APS is a rare condition that is
distinctly different from adult APS [6].

The classification of APS for clinical trials and studies is currently based on the
international consensus statement established in Sapporo in 1999 and updated in
Sydney in 2006, and includes a clinical criterion (vascular thrombosis or pregnancy
morbidity) and a laboratory criterion (positive test result for aPL) [1] as shown in
Figure 1. aPL are a heterogeneous family of IgG and/or IgM or, more rarely, IgA
autoantibodies with an affinity for negatively charged phospholipids or protein-
phospholipid complexes. Their persistent presence in sera has been associated
with increased prothrombotic risk in various autoimmune diseases. The aPL that
constitute the laboratory criteria for APS include lupus anticoagulant (LA), anti-
cardiolipin antibodies (aCL), and anti-p2-glycoprotein I antibodies (anti-p2GPI) of
immunoglobulin IgG and IgM classes. Extensive evidence has accumulated over the
past decade that several other than those included in the APS classification criteria
may be relevant to APS pathogenesis. Among them, antiprothrombin antibodies,
especially antibodies against phosphatidylserine-prothrombin complex (aPS/PT),
are supported by the most studies in the literature showing their strong correlation
to LA activity and to clinical manifestations of APS [7-9]. An international multi-
disciplinary initiative “APS action”, jointly supported by the American College of

3 IntechOpen
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High-risk aPL profile
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Figure 1.
Classification criteria for APS and definition of high and low risk profile. Created with BioRender.com.

Rheumatology (ACR) and the European League Against Rheumatism (EULAR) is
currently underway to establish a new diagnostic criterion for APS.

APS can either be a disease in the absence of evidence of other autoimmune
disease, or it can be secondary to another autoimmune disease such as systemic lupus
erythematous (SLE) [10]. The profile of aPL, including type and titer, is an important
factor determining the risk for thrombotic and obstetric events [11, 12]. The pres-
ence of LA, triple positivity or double positivity with positive LA, and the persistent
presence of high titers of aCL and anti-p2GPI antibodies pose a high risk for the
development of APS. In contrast, isolated positivity at low or medium titers of aCL or
anti- B2GPI antibodies, particularly when transiently positive, poses a low risk.

A very rare, but life-threatening form of multiorgan thrombosis is known as
catastrophic anti-phospholipid syndrome (CAPS) [13-15]. It is characterized by
simultaneous thrombosis in multiple organs within a short period of time, that
is, within a few days. Thrombosis often occurs at unusual sites, and small and
medium-sized arteries are most frequently involved [16]. Less than 1% of patients
with APS develop CAPS. CAPS is the first manifestation of APS in about half of
diagnosed CAPS patients. The remaining patients have a history of APS. The mor-
tality rate has decreased over time, mainly due to triple therapy (anticoagulation,
corticotherapy and therapeutic plasma exchange—TPE—or intravenous immuno-
globulin—IVIG), but it still exceeds 30% [17]. An international registry established
in 2000 by the European Forum on Anti-Phospholipid Anti-bodies, and the last
reported data (2016) includes 500 patients [17].

The other major clinical manifestations of APS are obstetric. These include
unexplained death of one or more morphologically normal fetuses at or after
10-week gestation, premature delivery of one or more morphologically normal
newborns before 34-week gestation due to either eclampsia, severe preeclampsia,
or recognized features of placental insufficiency, and three or more unexplained,
consecutive spontaneous abortions before 10-week gestation.

2. Clinical manifestations of APS are heterogeneous and nonspecific

The heterogeneity and non-specificity of potential clinical signs illustrates that
APS is as a true systemic autoimmune disease and underscores the need for a better
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understanding of disease mechanisms that will enable a personalized approach to
treatment. Despite some improvements in the diagnosis and prognosis of APS and
the prevention of thrombosis reoccurrence, robust laboratory biomarkers are still
lacking.

Because APS affects young patients in the most productive years of their lives,
the consequences of organ or tissue damage lead to impaired health-related quality
of life (HRQoL). There are several reasons why APS could adversely affect HRQoL.
The clinical manifestations are diverse, and many of them damage vital tissues. In
addition, APS may overlap with rheumatoid arthritis (RA) and SLE, both of which
already significantly affect HRQoL. Another aspect that affects HRQoL in APS is
treatment with high-dose anticoagulation indefinitely in patients with thrombosis
and/or at high risk of thrombosis.

In the general population, the incidence of clinical manifestations present in
APS is high and could often be triggered by other underlying factors. Consequently,
the diagnosis of APS relies predominantly on laboratory measurements. However,
current laboratory tests are hampered by technical limitations in the pre-analytical
and analytical phases and by the fact that there is no standardization of these tests.
Despite the many attempts to increase the specificity of laboratory criteria and the
establishment of consensus criteria for serology, a high number of patients are still
misdiagnosed. One of the most important reasons for this is the high heterogene-
ity of aPL in patients with APS. Thus, it remains to be clarified whether different
manifestations are caused by subpopulations of autoantibodies against different
epitope specificities that are currently detected by the same test(s). Unfortunately,
most APS patients exhibit more than one type of aPL, making it difficult to assign
pathogenic effects to one epitope specificity or another. In addition, the diagnosis
of pediatric APS is even more challenging since it is such a rare condition. Diagnosis
may be delayed or missed when adult APS criteria are used, because in pediatric
APS, non-thrombotic clinical manifestations, such as thrombocytopenia, hemolytic
anemia, and neurologic disorders such as migraine, epilepsy, and chorea, may
precede thrombotic manifestations.

3. Current laboratory criteria are unable to identify all patients with APS

While aPL circulate in relatively stable concentrations in the blood, throm-
bosis occurs only occasionally. The persistent presence of aPL is thought to shift
the hemostatic balance toward a prothrombotic state, but then a “second hit” is
required to trigger the thrombotic event itself. Although this two-hit model is
generally accepted, much remains to be learned about how exactly aPL predispose
to thrombosis iz vivo and how this predisposition interacts with the second hit.
The pathogenic mechanisms responsible for thrombosis and obstetric complica-
tions in APS are based on a combination of factors, including inhibition of natural
anticoagulant pathways, disruption of the annexin A5 anticoagulant shield on the
phospholipid surface, activation of cellular elements, hemostatic reactions, and
inflammation, particularly complement activation. Binding of aPL to the surface
of vascular cells (endothelial cells, platelets, monocytes, trophoblasts) triggers
activation of these cells, resulting in an increase in surface expression, production,
and activity of procoagulant molecules and triggering the release of extracellular
vesicles (EVs). EVs are submicron particles that are constitutively released by
almost all cell type. In response to stimuli, such as cell activation by inflammation
and/or apoptosis, their release into the cell surroundings is triggered to an even
greater extend. EVs carry a diverse cargo (bioactive lipids, proteins, and nucleic
acids) and might reflect the cell of origin and even its activation status. An increase
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in circulating EVs, particularly endothelial EVs, is considered a hallmark of vascular
dysfunction and cardiovascular disease. Moreover, increased levels of EVs in the
absence of an acute thrombotic event suggest a chronic state of vascular activation
in APS. EVs could therefore be a useful biomarker to identify patients with aPL at
the highest risk for complications. The lack of standardized approaches to isolate
and/or characterize EVs has been a major limitation in determining their role in
various diseases, including APS. Few studies have investigated EVs in APS patients.
These studies have been limited to characterization of medium- to large-sized EVs,
with significantly higher concentrations of endothelial and platelet EVs detected
in the plasma of APS patients compared with healthy controls [9]. Despite well-
characterized in vitro models of APS pathology, the field of EVs remains largely
unexplored and may therefore provide insight into the APS mechanism. To our
knowledge, no study has investigated whether EVs isolated from the vicinity of
aPL-stimulated cells have the potential to activate distant endothelial cells in a
similar manner.

In the general population, the incidence of clinical manifestations which can
be attributable to APS is high and could often be triggered by other underlying
factors. Therefore, the diagnosis of APS relies primarily on the laboratory mea-
surements of aPL. Methods for their determination differ and have not yet been
standardized. The common weaknesses of aPL determination are high inter-assay
and inter-laboratory variations, problems in interpretation and clinical evalua-
tion of test results, and their low diagnostic specificity. Elevated aPL levels can be
associated with many other conditions such as infections, malignancies, and also
the use of certain medications. The lack of reliable, robust diagnostic markers for
APS thus limits patient identification and treatment and challenges researchers
to find better diagnostic markers. A systematic review of observational studies
that excluded patients with autoimmune diseases found a pooled prevalence rate
of aPL in up to 23.3% of patients with stroke, 23% with myocardial infarction,
15.8% with deep vein thrombosis, and 13% of women with pregnancy adverse
events [18].

Many investigators are exploring the usefulness of testing for non-criteria
aPL specificities to identify APS in patients with thrombosis and/or pregnancy
morbidity, particularly in those who are repeatedly negative on currently used
tests. Among them, IgA aPL and antiprothrombin antibodies are most commonly
proposed to assess the risk of thrombosis and pregnancy morbidity in patients
with suspected APS [19]. A number of studies have shown that antiprothrombin
antibodies represent distinct antibody subsets with overall diagnostic relevance
for APS [7, 20]. Similar to anti-p2GPI, antiprothrombin antibodies, particularly
aPS/PT, have a considerable value as a biomarker for both diagnostic evaluation
and prediction of the clinical manifestations of APS. In 2017, a large international
multicenter study found that IgG aPS/PT to be more prevalent in patients with
APS than in patients without the syndrome. A positive test for these antibodies
conferred a 10-fold higher risk of APS [21]. There is debate about the feasibility
of including aPS/PT in risk assessment for APS to increase the accuracy of diag-
nosis in seronegative APS patients [7, 20, 22]. Our research group has extensively
studied the clinical significance of antiprothrombin antibodies, showing that aPS/
PT have the highest percentage of LA activity compared with aCL or anti-p2GPI
[8, 9, 23-26] and that they are strongly associated with thrombosis and adverse
pregnancy outcomes independently of other aPL [8, 26]. In fact, aPS/PT were the
only antibodies associated with pregnancy complications (recurrent pregnancy
loss) occurring before 10-week gestation and with some late complications
(preeclampsia and eclampsia), indicating their important role in the pathogenesis
of obstetric APS.
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Recently, two research groups proposed a quantitative index to quantify the
likelihood of thrombosis in APS. One included the aPL profile, the aPL score (aPL-S)
[27], whereas the other included both aPL and conventional prothrombotic risk fac-
tors, the global APS score (GAPSS) [28]. Both groups included LA and IgG and IgM
isotypes of aCL, anti-B2GPI, and aPS/PT. In contrast to risk stratification for throm-
botic events, which has been well studied in aPL-positive patients, studies assessing
the risk for obstetric complications are scarce. Our recent study investigated differ-
ent scoring systems after 2 years of routine and systematic measurement of criteria
and non-criteria aPL [9]. We showed that all non-criteria aPL, including IgA aCL,
IgA anti-p2GPI, and IgA/IgG aPS/PT were as well significantly associated with
thrombosis and obstetric complications. We proposed a new quantitative scoring [9]
to evaluate the risk of adverse pregnancy events in aPL-positive patients, namely the
obstetric risk score—ORS. The ORS showed much higher diagnostic accuracy for
obstetric complications compared with any single aPL measure.

4. Thrombotic and obstetric risk assessment

Risk stratification is a major challenge in the management of patients with APS,
and a possible role of aPL as a risk or even prognostic factor for arterial/venous
thrombosis and miscarriages has been intensively discussed [27, 29]. Single, double,
and triple aPL positivity is not uncommon in patients with APS, and such multiple
positivity is usually associated with a higher risk for the occurrence or recurrence
of thrombotic or obstetric adverse event [30, 31]. Recently, two research groups
proposed a quantitative index to quantify the likelihood of thrombosis in APS.

One included the aPL profile, and the aPL score (aPL-S) [27], whereas the other
included both aPL and conventional prothrombotic risk factors, the global APS
score (GAPSS) [28]. Both groups included LA and IgG and IgM isotypes of aCL,
anti-p2GPI and aPS/PT.

In contrast to risk stratification for thrombotic events, which has been well
studied in aPL-positive patients, studies assessing the risk for obstetric complica-
tions are scarce. A recent study examined different scoring systems after 2 years
of systematic review [9]. They showed that all non-criteria aPL, including IgA
aCL, IgA anti-p2GPI, and IgA/IgG aPS/PT were significantly associated with both
thrombosis and obstetric complications. They proposed a novel quantitative scoring
to evaluate the risk of adverse pregnancy events in aPL-positive patients, namely
the obstetric risk score—ORS. The ORS showed much higher diagnostic accuracy
for obstetric complications compared with any single aPL measure.

5. Antiphospholipid antibodies in infections

It is known that aPL may be transiently elevated in sera during various infec-
tions, including skin infections (18%), human immunodeficiency virus infections
(17%), pneumonia (14%), hepatitis C virus (13%), and urinary tract infections
(10%) [32]. The presence of aPL in sera and also its clinical significance was first
noted in patients with Treponema pallidum infection [33]. With the continued use
of cardiolipin-based serologic tests for syphilis diagnosis, it became apparent that
a small group of patients with autoimmune diseases, especially SLE, had “false-
positive” tests. In 1983, researchers recognized that the presence of aPL in SLE
patients was associated with thromboembolic events and recurrent miscarriage,
and the term anticardiolipin syndrome and later antiphospholipid syndrome (APS)
were coined [34, 35].
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Since the global COVID-19 pandemic, a possible link between the pres-
ence of aPL and infection with the SARS-CoV-2 virus has been investigated.
Several groups have reported the presence of aPL in patients with COVID-19
and have suggested the possibility of SARS-CoV-2 virus-induced APS [36-38].
Coagulopathy and thrombotic events, including deep vein thrombosis, pulmo-
nary embolism, and stroke, are serious manifestations in critically ill patients
with COVID-19.

Currently, the role of aPL in thrombotic complications in COVID-19 is still
unclear. Similar to the severe coagulopathies associated with COVID-19, patients with
CAPS may develop thrombosis in multiple organs within a very short period of time
[39]. Because of the similarity between the course of COVID-19 and CAPS, it was
hypothesized that SARS-CoV-2 infection could be a possible trigger for APS. Detailed
analysis of 23 studies (with a total of 250 patients) of aPL at COVID-19 showed
that the presence of LA, aCL, and anti-B2GPI was 64%, 9%, and 13%, respectively
[40]. However, none of the included studies reported re-examination of aPL after
12 weeks, so it is not clear whether the aPL presence in COVID-19 patients was tran-
sient or persistent. The only study in which aPL testing was repeated after 1 month
and in which aPS/PT was also measured included 31 patients with COVID-19 [41].

In this study, elevated aPL levels were confirmed in 74% of patients, but 9/10 of the
LA-positive patients retested were negative the second time. This observation sup-
ports the frequent single LA positivity during the acute phase of COVID-19 infection.

Later in the pandemic, two independent reviews were published that examined
the prevalence of aPL in COVID-19 patients and its clinical significance [42, 43].
The prevalence of LA ranged from 35 to 92% in ICU patients, aCL IgG in 52%, and
IgM in 40% of patients, and anti-p2GPI IgG and IgM were found in up to 39% and
up to 34% of patients, respectively. Between 1 and 12% of patients had a triple-pos-
itive aPL profile [43]. In the second review, the authors primarily examined studies
of aCL and anti-p2GPI but also addressed non-criteria aPL [42]. They concluded
that aPL positivity may be a feature of COVID-19, at least in some patients, but in
general the identified “solid-phase” aPL are of low titer and cannot be well associ-
ated with the thrombotic aspects of COVID-19. Also, in the few studies in which
persistence was examined, the results seemed to indicate transient positivity of aPL
that occurred only during infection. Importantly, high-titer aPL or multiple APL
positivity (including double and triple positivity) was in the minority for COVID-
19. There is also one important study where antigen specificity of aPL in COVID-19
has been investigated. These researchers have found that, contrary to APS, which
is characterized by high aPL titers with specificity against domain 1 on p2GPI,
patients with COVID-19 exhibit low titers of anti-p2GPI, with specificity against
domains 4 and 5 [44].

The risk of a recurrent thrombotic event in patients with APS is greatly
increased in those who have multiple subtypes of aPL (LA, aCL, anti-p2-GPI,
aPS/PT), that is, double-, triple-positive patients. In patients with COVID-19,
double or triple aPL positivity appears to be rare and aPL positivity appears
to be transient. A well-designed, age- and sex-controlled observational study
compared the aPL profile of hospitalized COVID patients with that of a) patients
with thrombotic APS and b) patients with culturally/serologically proven infec-
tions [45]. Their data showed that positive aPL values can be found in half of the
patients with infections, as 53% of patients with COVID-19 and 49% of patients
with other viral/bacterial infections had positive aPL values. Importantly, how-
ever, the aPL profile was different when comparing patients with overt APS and
patients with aPL detected in the setting of infections. Therefore, author conclude,
caution is required in interpreting and generalizing the role of aPLs in the manage-
ment of patients with COVID-19.



Introductory Chapter: Antiphospholipid Antibodies - A Laboratory Criterion...
DOI: http://dx.doi.org/10.5772/intechopen.103846

6. Antiphospholipid antibodies in cancer

The relationship between thrombosis and cancer was first established by
Trousseau in 1865. Since then, numerous studies have shown that thromboembolism
is a common complication of cancer, occurring in 15% of all cancer patients [46, 47].
Despite extensive research and modern interventions, thromboembolic disorders are
still a major cause of morbidity and mortality in these patients. The risk of thrombo-
embolic events is four times higher in cancer patients than in the general population
and this risk is further increased in patients undergoing chemotherapy [47, 48].
Much of this high risk is attributed to the cancer itself. However, patient-related
factors such as age, performance status, body mass index, underlying comorbidities,
and therapy are also the important factors. The biological origin of thromboembolic
events is related to the pro-coagulant, hypoxic, and inflammatory state associated
with tumors, especially in advanced stages [49]. Several mechanisms contribute to
the hypercoagulable state observed in cancer, resulting in a complex interplay of
various factors, including tissue factors, platelet and endothelial activation, coagula-
tion abnormalities, procoagulants secreted by tumor cells, abnormal blood flow, and
abnormal tumor angiogenesis [46, 50]. The question arises whether the presence of
aPL further increases the thromboembolic risk in patients with malignancies.

A high prevalence of aCL, anti-p2GPI, LA, anti-phosphatidylcholine, anti-
phosphatidylserine, anti-phosphatidylinositol, anti-phosphatidylethanolamine, and
anti-prothrombin antibodies has been observed in patients with various types of
hematologic malignancies and solid tumors [47]. Therefore, the already increased
risk of thrombosis in cancer patients is even higher for carriers of aPL. The reported
prevalence of elevated aPL levels in cancer patients varies from less than 5%, which
is similar to the prevalence observed in healthy individuals, to as high as 70% [47].
This dramatic range is due in part to different methods being performed, differ-
ences in study design, and inconsistent definitions of aPL positivity in the medical
literature. In general, aPL tests are highly heterogeneous and poorly standardized.
In addition, most studies examined the prevalence of aPL only once and did not
repeat the test after 3 months, so the frequency may be overestimated. A recent
systematic review of observational studies found an increased risk of developing
aPL in patients with gastrointestinal, genitourinary, and lung cancer, leading to
thromboembolic events and death [51]. In addition, a 17-year observational study of
1592 non-thrombotic women with three consecutive spontaneous abortions before
the 10-week gestation or fetal death at or after 10-week gestation showed that the
risk of cancer was significantly higher in women with a history of obstetric APS
than in the general population [52]. Recently, one research group investigated the
presence of criteria and non-criteria aPL in patients with uterine malignancies [53].
The authors found that non-criteria aPL (against phosphatidic acid, phosphatidyl-
serine, annexin V, and prothrombin) are more common in patients with uterine
malignancies (UM) than in patients with non-cancerous gynecological diseases
(NCGD). In contrast, the criteria aPL did not differ significantly between UM and
the NCGD group. It is interesting to note that several studies associate non-criteria
aPL, especially antiprothrombin antibodies, with obstetric complications, while
they could not confirm the association with either anti-2GPI or LA [11, 12].

In conclusion, aPL levels appear to be elevated in patients with various malig-
nancies, increasing their risk for thromboembolic events. In the future, it would
be important to conduct well-designed large-scale population studies as well as
longitudinal studies on patients with various cancers to determine the true risk and
confirm whether the increased prevalence of aPL positivity is transient. Although
aPL positivity may help assess the risk of blood clots, there are currently no strong
data to recommend aPL screening in cancer patients.
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7. Antiphospholipid antibodies in healthy individuals

Low aCL levels are found in up to 10% of healthy individuals, and the preva-
lence of a positive aPL test increases with age [10]. High aPL levels and persistent
positivity are rare in healthy individuals (less than 1%). There are no recent stud-
ies investigating the level of criterion-related or non-criterion-related aPL in the
general population. The clinical significance of aPL in healthy individuals remains
unclear. It is important to emphasize that not every positive test for aPL is of clinical
significance, and patients with aPL are at different risk for adverse events related
to aPL. A rare prospective study in which healthy blood donors were tested for aPL
twice 1 year apart showed 10% positivity for aCL and 1% positivity LA at the first
measurement. Of note, less than 1% of subjects were still positive after 1 year [54].
Therefore, in parallel with other cardiovascular risk factors such as hypertension,
elevated cholesterol, diabetes, smoking or obesity, patients with aPL have a higher
risk of adverse events. It is known that aPL can occur transiently during infections
or other occasions. This is an important reason why aPL should be tested twice
within 12 weeks, which is also embodied in the international classification criteria
for APS.

Recently, an administrative database study of aPL in the general population was
published that characterized patterns of aPL testing in a sample from the United
States using laboratory data from 2010 to 2015. They identified 33,456 individuals
with at least one aPL test. Of these, only 6391 (19%) had all three tests (LA, aCL,
aGP1) performed. Confirmatory aPL tests were performed at least 12 weeks later
in 77, 45, and 41% of initially positive LA, aCL, and aGP1, respectively. Of those
retested, only 255 (10.6%) had a confirmatory positive aPL test. The most impor-
tant finding is the low rate of a confirmatory positive aPL test >12 weeks after the
first test, indicating that aPL testing is often be incomplete. Further investigation
in the form of large-scale population studies as well as longitudinal studies is
needed to better understand the clinical relevance of aPL in healthy individuals
from different backgrounds.

8. Conclusion

The heterogeneity and non-specificity of the possible clinical symptoms high-
light that APS is a true systemic autoimmune disease and emphasizes the need for
a better understanding of the disease mechanisms that will allow a personalized
treatment approach. In the general population, the incidence of clinical manifes-
tations in APS is high and could often be triggered by other underlying factors.
Therefore, the diagnosis of APS relies predominantly on laboratory measurements.
Despite the many attempts to increase the specificity of laboratory criteria and to
establish consensus criteria for serology, a high number of patients are still misdi-
agnosed. Treatment of APS requires an interprofessional team approach involving
multiple specialties. Family physicians play an important role in identifying patients
with APLS. Hematologists and rheumatologists play a critical role in diagnosis,
treatment, and follow-up. Involvement of other specialties such as neurology,
nephrology, cardiology, and dermatology may also be necessary if a particular
organ system is affected. In addition, anticoagulation clinics can play an important
role in monitoring therapeutic warfarin levels and INR levels with close follow-up.
Last but not the least, pharmacists can help in the management of these patients,
especially in identifying drug—drug interactions. Close communication between
the interprofessional team and close monitoring of the patient is essential in the
management of APS.
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Abstract

Thromboses of the cerebral arterial and venous systems are a common
manifestation of antiphospholipid syndrome (APS) often leading to ischemic and
hemorrhagic stroke. APS increases stroke risk via many mechanisms, including
hypercoagulability and inflammation. These mechanisms, among others, must be
considered by physicians when evaluating and treating such patients to achieve
optimal short- and long-term outcomes. In this chapter, we will discuss the epide-
miology of APS as it relates to neurological disease focusing on stroke, APS stroke
mechanisms, suggested clinical evaluations, acute treatment strategies, and long-
term secondary stroke prevention strategies. Current consensus statements and the
most recent literature will be summarized.

Keywords: antiphospholipid syndrome, stroke, epidemiology, etiology, treatment

1. Introduction

Antiphospholipid syndrome (APS) was first described in 1983 with steadily
improving clinical and scientific refinements since that time. It was initially recog-
nized with the discovery of lupus anticoagulant immunoglobulin that binds to
phospholipids and proteins associated with the cell membrane and its association
with other autoimmune conditions. Over the years, the clinical manifestations of
APS were further delineated, followed by the discovery of other antiphospholipid
antibodies. Currently, APS is defined as an autoimmune condition characterized by
the presence of venous or arterial thrombosis and/or pregnancy-related complica-
tions in patients with antiphospholipid antibodies [1]. Notably, APS can occur as a
primary disease process or secondary to another condition, primarily autoimmune
conditions, including systemic lupus erythematous (SLE), rheumatoid arthritis,
sjogren’s disease, or systemic sclerosis. It can more rarely be secondary to
malignancy [2] and infections, including syphilis and HIV [3].

Clinically, APS can manifest in a variety of ways and affect multiple organ
systems. Presenting symptoms can range from relatively benign to severe. One
subtype (to be discussed in Section 2) termed catastrophic APS (CAPS) is defined as
APS that affects >3 organs in a short period of time (<7 days) with pathologic
evidence of small-vessel occlusion. The most common venous manifestation of APS
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is deep vein thrombosis, while stroke is the most common arterial manifestation of
this disease [4]. Obstetric complications include placental insufficiency and
recurrent pregnancy loss, typically after 10 weeks of gestation. There are,

however, a multitude of other manifestations including cardiac valvular disease,
coronary artery disease, livedo reticularis, renal small artery vasculopathy, and
thrombocytopenia, which are not included in the formal classification criteria [1].
Neurologically, antiphospholipid antibodies have also been found to be more rarely
related to migraine, seizures, movement disorders, and cognitive impairment [5].
Given this broad range of clinical manifestations, it is important that clinicians have
a clear understanding of when to suspect this condition and its appropriate
management.

Antiphospholipid antibodies (aPL) are a serological marker for APS and their
presence is key to the definition and classification for APS. Phospholipids are
molecules found in the blood that aid in clot formation. They form complexes with
other plasma proteins and are the target of aPL antibodies; thus, one may expect to
clinically see a bleeding disorder when phospholipids are disrupted. However, these
autoantibodies primarily cause endothelial dysfunction and disruption of coagula-
tion factors as they compete with coagulation factors for available phospholipids,
thereby leading to a procoagulant state and clot formation [6]. The pathophysiology
of aPL antibodies is not fully elucidated, but the current thought is that of a “two-hit”
hypothesis. The first hit being a patient-specific susceptibility, and the second hit
being a trigger or inciting event. This theory is based on the idea that about 1-5% of
the population may have positive aPL antibodies without any clinical manifestations,
indicating the need for a trigger that leads to the pathologic state [2, 4]. In a patient
carrying aPL antibodies, endothelial cell activation occurs in the setting of oxidative
stress in conditions such as infection, surgery, and pregnancy. This is thought to
subsequently lead to a series of events including complement activation, cytokine
release, increased expression of tissue factor on endothelial cells, increased platelet
adhesiveness, and impairment of thrombolysis [2, 4]. Overall, this creates a
procoagulant state leading to the range of clinical manifestations as described.

aPL antibodies are a heterogeneous group of autoantibodies that primarily
include lupus anticoagulant (LA), anti-cardiolipin IgG/IgM (aCL), and anti-beta-2
glycoprotein-I (aB2GPI) IgG/IgM, with these three specific antibodies included in
the formal classification criteria for APS [1]. As shown in Figure 1 there is some
overlap between these antibodies, but overall, they are distinct leading to a variety
of clinical manifestations [5]. In addition to the three antibodies in the classification
criteria, there are a number of other proposed antibodies of yet unclear clinical
significance and diagnostic value. These include anti-prothrombin and anti-
phosphatidylserine-prothrombin complex, aCL IgA and anti-B2GPI IgA. These
antibodies are sometimes used to aid in diagnosis if there is a very high clinical
suspicion for APS without the presence of the typical autoantibodies in the classifi-
cation criteria [7]. It is important to note that while B2GPI is considered a primary
APS antigen, subgroups of protein domains can be targeted by specific antibodies.
For example, antibodies targeting B2GPI Domain I, in particular, have been
correlated with a high risk of thrombosis [8].

The presence of LA alone is thought to hold the highest risk for thrombosis
among all antiphospholipid antibodies. Thrombotic risk is much lower in patients
who have only a positive aCL or anti-B2GPI antibody [1, 3]. The risk is thought to
be much higher however in patients with multiple positive antibodies, especially
those found to be “triple positive” [3]. Thrombotic risk is also much higher in
patients who have secondary APS is associated with SLE and in patients with
primary APS with concurrent vascular comorbidities including hypertension,
hypercholesterolemia, tobacco, and oral contraceptive use [7].
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Figure 1.
There are a variety of antiphospholipid antibodies associated with APS, as detected with different methods,
some are overlapping, but each has distinct properties. Image adapted from Misita et al. [6].

The initial classification criteria for APS, called the Sapporo criteria, was first
developed in 1999 and most recently updated in 2006 [1]. As shown in Table 1, the
criteria currently require one clinical manifestation of thrombosis or pregnancy com-
plication, and one laboratory criteria present on two occasions at least 12 weeks apart.

As mentioned, there are other autoantibodies implicated in APS that are not yet
included in the classification criteria. The remainder of this chapter will discuss the
clinical manifestations, epidemiology, pathophysiology, diagnosis, and treatment in
more detail.

2. Clinical presentation

APS can present as a wide range of clinical manifestations with the major clinical
features consisting of arterial and venous thromboses, and obstetrical complica-
tions. The most common obstetrical manifestations of APS are recurrent early
miscarriage, placental insufficiency, early pre-eclampsia, and fetal death, all of
which should prompt evaluation for the presence of aPL [12].

Thrombotic events in APS may occur in virtually any vascular bed, with the
cerebral circulation being the arterial territory most commonly affected, usually in
the form of stroke or transient ischemic attack [13]. APS has also been associated
with many other clinical features including livedo reticularis, epilepsy, thrombocy-
topenia, and cognitive dysfunction, however, the strength of association is not
sufficiently high to include them in the syndrome definition. The clinical charac-
teristics of a cohort of 1000 patients with APS (Euro-Phospholipid Project) are
displayed in Table 2 [14].

2.1 Classification criteria: additional considerations

As described in Section 1, the first set of criteria for APS was established in
Sapporo, Japan in 1999 after an expert workshop [9]. This was modified, including
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Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of
the laboratory criteria that follow arc met’ clinical criteria

1. Vascular thrombosis’

One or more clinical episodes* of arterial, venous, or small vessel thrombosis®, in any tissue or organ.
Thrombosis must be confirmed by objective validated criteria (i.e. unequivocal findings of appropriate
imaging studies or histopathology). For histopathologic confirmation, thrombosis should be present
without significant evidence of inflammation in the vessel wall.

2. Pregnancy morbidity
a. One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week
of gestation, with normal fetal morphology documented by ultrasound or by direct
examination of the fetus, or
b. One or more premature births of a morphologically normal neonate before the 34th week of
gestation because of (i) eclampsia or severe pre-eclampsia defined according to standard
definitions [9], or (ii) recognized features of placental insufficiency¥, or
. Three or more unexplained consecutive spontaneous abortions before the 10th week of
gestation, with maternal anatomic or hormonal abnormalities and paternal and maternal

o

chromosomal causes excluded.
In studies of populations of patients who have more than one type of pregnancy morbidity,
investigators arc strongly encouraged to stratify groups of subjects according to a, b, or ¢ above.

Laboratory criteria**

1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart,
detected according to the guidelines of the International Society on Thrombosis and Hemostasis
(Scientific Subcommittee on LAs/phospholipid-dependent antibodies) [10, 11].

2. Anticardiolipin (aCL) antibody of IgG and/or IgM isotype in scrum or plasma, present in medium or
high titer (i.e. >40 GPL or MPL, or >the 99th percentile), on two or more occasions, at least 12 weeks
apart, measured by a standardized ELISA.

3. Anti-B, glycoprotein-I antibody of IgG and/or IgM isotype in scrum or plasma (in titer > the 99th
percentile), present on two or more occasions, at least 12 weeks apart, measured by a standardized
ELISA, according to recommended procedures.

“Classification of APS should be avoided if less than 12 weeks or move than 5 years separate the positive aPL test and
the clinical manifestation.

TCoexisting inherited or acquired factors for thrombosis arc, not reasons for excluding patients from APS trials.
However, two subgroups of APS patients should be recognized, according to (a) the presence, and (b) the absence of
additional visk factors for thrombosis. Indicative (but not exhaustive) such eases include: age (>55 in men, and >65 in
women), and the presence of any of the established risk factors for cardiovascular disease (hypertension, diabetes
mellitus, elevated LDL or low HDL cholesterol, cigarette smoking, family history of premature cardiovascular disease,
body mass index >30 kg m™2, microalbuminuria, estimated GFR < 60 ml min ), inherited thrombophilias, oral
contraceptives, nephrotic syndrome, malignancy, immobilization, and surgery. Thus, patients who fulfill criteria
should be stratified according to contributing causes of thrombosis.

*A thrombotic episode in the past could be considered as a clinical criterion, provided that thrombosis is proved by
appropriate diagnostic means and that no alternative diagnosis or cause of thrombosis is found.

SSuperficial venous thrombosis is not included in the clinical criteria.

IGenerally accepted featuves of placental insufficiency include: (i) abnormal or non-veassuring fetal surveillance test
(s), e.g. a non-reactive non-stress test, suggestive of fetal hypoxemia, (ii) abnormal Doppler flow velocimetry
waveform analysis suggestive of fetal hypoxemia, e.g. absent end-diastolic flow in the umbilical artery, (iii)
oligohydramnios, e.g. an amniotic fluid index of 5 cm or less, or (iv) a postnatal birth weight less than the 10th
percentile for the gestational age.

**Investigators arc strongly advised classifying APS patients in studies into one of the following categories: I, more than
one laboratory criteria present (any combination): Ila, LA present alone; I1Ib, aCL antibody present alone; Ilc, anti-f3,
glycoprotein-I antibody present alone.

Table 1.
The classification criteria for APS [1].

the addition of anti-p2GPI antibodies in Sydney, Australia in 2006. The revised APS
classification criteria strongly recommend investigating coexisting inherited and
acquired thrombosis risk factors in patients with APS [1]. A recent assessment of
the 2006 revised APS classification criteria has shown that only 59% of the patients
meeting the 1999 APS Sapporo classification criteria met the revised criteria [15]. In
addition, many of the older studies evaluated for only a few of the specific aPL
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Manifestation No. (%) of patients

Peripheral thrombosis

Deep vein thrombosis 389 (38.9%)

Other peripheral thrombi 248 (24.8%)

Neurologic manifestations

Migraine 202 (20.2%)
Stroke 198 (19.8%)
Transient ischemic attack 111 (11.1%)
Epilepsy 70 (7.0%)
Multi-infarct dementia 25 (2.5%)
Chorea 13 (1.3%)
Acute encephalopathy 11 (1.1%)
Transient amnesia 7 (0.7%)
Cerebral venous thrombosis 7 (0.7%)
Cerebellar ataxia 7 (0.7%)
Transverse myelopathy 4 (0.4%)
Hemiballismus 3 (0.3%)

Pulmonary manifestation

Pulmonary embolism 141 (14.1%)

Other pulmonary manifestations 56 (5.6%)

Cardiac manifestations

Valve thickening/dysfunction 116 (11.6%)

Other cardiac manifestations 153 (15.3%)

Intraabdominal manifestations

Renal manifestations 27 (2.7%)

Gastrointestinal manifestations 42 (4.2%)

Cutaneous manifestations

Livedo reticularis 241 (24.1%)

Other cutaneous manifestations 155 (15.5%)

Osteoarticular manifestations

Arthralgia 387 (38.7%)

Other osteoarticular manifestations 295 (29.5%)

Ophthalmological manifestations

Amaurosis fugax 54 (5.4%)
Other ophthalmological manifestations 34 (3.4%)
Ear, nose, throat manifestations 8 (0.8%)

Hematologic manifestations

Thrombocytopenia 296 (29.6%)

Hemolytic anemia 97 (9.7%)

Obstetric manifestations (n = 590 pregnant women)

Preeclampsia 56 (9.5%)
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Manifestation No. (%) of patients

Other obstetric manifestations 41 (7.1%)

Fetal manifestations (n = 1580 pregnancies)

Live birth 753 (47.7%)
Other fetal manifestations (fetal loss, premature births) 827 (52.3%)
Table 2.

Cumulative clinical features during the evolution of the disease in 1000 patients with APS (adapted [14]).

Criteria

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

2. Development of manifestations simultaneously or in less than a 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,
anticardiolipin antibodies, and/or anti-beta2-glycoprotein I antibodies).

Classification

Definite catastrophic APS

Requires all four criteria

Probable catastrophic APS

All four criteria, except for only two organs, systems, and/or sites of tissue involvement or

All four criteria, except for the laboratory confirmation at least six weeks apart due to the early death of
a patient never tested for aPL before the catastrophic APS or

Criteria 1, 2, and 4 above or

1, 3, and 4 and the development of the third event in more than a week but less than a month, despite
anticoagulation.

Table 3.
Preliminary criteria for the classification of catastrophic antiphospholipid syndrome (CAPS) [18, 19].

antibodies now thought to be important in stroke risk, accepted low positive titers
and many looked at only one-time point, hence it is difficult to apply the results of
those studies [16]. While the purpose of the criteria was to help choose patients for
clinical trials, it is the best available tool to avoid over-diagnosis of APS in clinical
practice [17].

CAPS is a rare and potentially fatal complication of APS. As described in
Table 3, the clinical presentation is characterized by acute multi-organ failure due
to thromboses of three or more organs within 1 week, associated with the presence
of aPL and thrombocytopenia [16]. CAPS can be seen as the first presentation of
APS or can be triggered by infection, surgery, or trauma in patients with known
APS [19].

In the setting of pregnancy, Obstetric APS (OAPS) is diagnosed if at least one of
the clinical criteria and one of the laboratory criteria are met as outlined in Table 4
[1, 20].

2.2 Ischemic stroke
Although up to 5% of the population might be positive for aPL antibodies, only a

small fraction is diagnosed with APS as per the mentioned criteria [21]. Based on the
analysis of 120 full-text papers, the overall estimated aPL frequency in stroke
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Clinical criteria Laboratory criteria
1. One or more unexplained deaths of a 1.LA present in plasma, on two or more
morphologically normal fetus at or beyond the occasions at least 12 weeks apart.
10th week of gestation. 2.aCL of immunoglobulin (Ig)G and/or IgM
2.0ne or more preterm births of a isotype in serum or plasma, present in medium
morphologically normal neonate before the or high titer (i.e. >40 GPL units or MPL units,
34th week of gestation because of: or > the 99th percentile), on two or more
i. eclampsia or severe pre-eclampsia or occasions, at least 12 weeks apart.
ii. recognized features of placental 3. Anti-B2GPI of IgG and/or IgM isotype in serum
insufficiency. or plasma (in titer > the 99th percentile),
3. Three or more unexplained consecutive present on two or more occasions at least
spontaneous miscarriages before the 10th week 12 weeks apart.

of gestation, with maternal anatomic or
hormonal abnormalities and paternal and
maternal chromosomal causes excluded.

Table 4.
Obstetric APS (OAPS) is diagnosed if at least one of the clinical criteria and one of the laboratory criteria
are met [1, 20].

patients of all ages is 13.5% [22]. Sciascia et al. [7], in a systematic review of data
from 5217 patients concluded that the overall aPL frequency was estimated as 17.2%
for stroke and 11.7% for the transient ischemic attack, and the presence of aPL
seems to confer a five-fold higher risk for stroke or TIA when compared with
controls. The cumulative prevalence in the Euro-Phospholipid Project Study was
19.8% for stroke and 11.1% for TIA [14], making it the most common and severe
arterial complication of APS.

Notably, it has been suggested that more than 20% of strokes in patients youn-
ger than 45 years are associated with APS [23], although this estimate may be
inflated by referral bias [24]. The presence and magnitude of the ischemic stroke
risk associated with aPL in the older population are more evenly split between
finding an increased risk and no increased risk. This suggests that aPL may be a
more important stroke mechanism in young people whereas, in older populations,
other stroke risk factors take on a greater importance.

aPL associated strokes pose a higher risk for women. The Framingham cohort
and offspring study found an increased risk of strokes and TIAs for women with
high anticardiolipin but not in men [25]. In another study of 34 women under
45 years of age with ischemic strokes and no traditional vascular risk factors, 35%
were found to have anticardiolipin antibodies [26].

Another study demonstrated that high serum concentrations of aPL, regardless of
other cardiovascular risk factors, were an important predictor of the risk of future
stroke and TIA in only females [27]. The presence of anti-2GP1 antibodies in young
women may increase the stroke risk 2.3-fold according to the RATIO study [28].

In terms of traditional vascular risk factors in APS patients, it is debated whether
these or the circulating aPL antibodies are responsible for the accelerated athero-
sclerosis seen in APS. Hypertension is more prevalent in SLE and APS than in the
general population. A study showed that hypertension was the only independent
risk factor for arterial manifestations, mainly stroke, in APS [29]. The risk of stroke
for LA-positive patients was two-fold in smokers and six-fold in smokers receiving
oral contraceptives [25]. The Italian Project on Stroke in Young Adults, a prospec-
tive study of 1867 patients showed that family history of strokes, migraines with
auras, aPL, discontinuation of antiplatelet or antihypertensive medications and
increase in at least one traditional vascular risk factor were independent predictors
for thromboembolic events [30]. Overall, this emphasizes the importance of
aggressively treating all modifiable stroke risk factors like hypertension, diabetes,
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Patient age < 50 years of age

Female gender

Lack of traditional vascular risk factors

Positive family history for arterial or venous thromboses

Recurrent strokes

Thrombocytopenia, obstetric complications, venous thromboses, or other arterial thromboses

SLE or presence of other connective tissue diseases

Table 5.
Key factors warranting evaluation of antiphospholipid syndrome.

hypercholesterolemia, obesity, OCP use, and tobacco use to reduce additional
thrombotic risks.

A summary of factors that warrant an evaluation of APS in stroke patients is
listed in Table 5.

Stroke subtypes in APS may be either thrombotic or cardioembolic depending
on the location and size of the occluded vessel [31]. Intracranial stem or branch
arterial occlusions and stenosis were reported in 50% of APS patients with stroke
[32]. Narrowing of multiple intracranial arteries may occur in APS and indicates
vasculopathy rather than vasculitis. Occasionally, there is involvement of the extra-
cranial carotid artery. In a small case series of 17 patients, 32% had extracranial
arterial abnormalities [33]. Cardioembolic strokes in APS are associated with left
cardiac valvular abnormalities, including irregular thickening of leaflets, non-
bacterial vegetations, and valve dysfunction [32]. Stroke subtypes in APS can also
vary according to the types of antibodies [34]. Saidi et al. [35], in an analysis of 208
patients with their first stroke, reported that antiphosphatidylserine IgG was asso-
ciated with cardioembolic strokes, lupus anticoagulant with lacunar strokes, and
anticardiolipin IgG and IgM with lacunar, atherosclerotic and cardioembolic
strokes. The severity of the thromboembolic event does not relate to the aPL
antibody titer.

The type of antibodies present also appears to have an association with increased
thrombotic risk. The presence of antiphosphatidylserine antibodies had the highest
risk for clinical manifestations of APS, and IgG antiphosphatidylserine antibodies
correlated strongly with the presence of lupus anticoagulant. The presence of
antiphosphatidylserine antibodies (IgG or IgM) or anti-b2GP-1 (IgG, IgM, or IgA)
antibodies improved the specificity for APS over anticardiolipin antibodies alone
[36]. In another study, the positive predictive value for antiphosphatidylserine and
anti-b2GP-1 antibodies was stronger for arterial thromboses than for venous
thromboses [37]. Another study of pregnant women with APS reported that
patients with triple aPL positivity (LA, aCL, and anti-B2GPI) and/or previous
thromboembolism had an increased likelihood of poor neonatal outcomes than
patients with double or single aPL positivity and no thrombosis history [38].

The recurrent risk of stroke in APS patients has been less widely studied as
compared to other types of thromboses. Pezzini et al. calculated a cumulative risk of
14% for brain ischemia at 10 years [30]. Recurrent strokes and other thromboem-
bolic events in patients with aPL antibodies have been reported both early (within
the first year of an index stroke event) and late (5-10 years) [39]. The initial type of
thromboembolic event (i.e. arterial, venous, miscarriage) appears to be the most
likely type of event to recur in a given patient according to some studies [40]. The
Euro-Phospholipid Project Group reported thrombotic events in 16.6% of patients
in the first 5 years of follow-up and in 14.4% in the second 5-year follow-up period.
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Factor Point value

Anticardiolipin Antibody IgG/IgM

Anti-B2-glycoprotein I IgG/IGM

Lupus anticoagulant

W~ | w0

Hyperlipidemia

Juny

Arterial hypertension

Table 6.
Adjusted global antiphospholipid syndrome score. Adapted [41, 42].

The most common events during follow-up were strokes, TIAs, DVTs, and
pulmonary emboli with survival probability at 10 years being 90.7% [14].

The first model to develop a predictive model for aPL associated thrombosis
risk in SLE patients was modified in 2013 by Sciascia et al. to include data on
clinical manifestations, and risk factors forming a quantitative score called the
Global Antiphospholipid Syndrome Score (GAPSS) [41]. This was further modi-
fied in 2019 to form the aGAPSS (Adjusted Global Antiphospholipid Syndrome
Score) as outlined in Table 6 [42]. The goal of the aGAPSS is to risk-stratify
patients based on the likelihood of developing recurrent thrombosis in the setting
of APS.

Taken together, screening for APS is indicated in stroke patients who meet even
some of the clinical and laboratory criteria and those with recurrent strokes despite
maximal medical management and no clear etiology. The goal of these scoring
systems is to further refine the risk of recurrent thromboses associated with APS.

2.3 Venous sinus thrombosis

Cerebral venous sinus thrombosis (CVST) usually presents with headaches,
nausea, vomiting, often associated with seizures, and focal neurological deficits.
Papilledema, coma, and death also occasionally contribute to the clinical manifes-
tation of CVST. In patients with CVST, reported frequency of aCL positivity ranges
from 7 to 22% [43], and predisposes to CVST at a relatively younger age and to a
more extensive cerebral venous involvement [44]. In addition, a higher rate of post-
cerebral venous sinus thrombosis headache and more infarctions on brain imaging
studies are seen in patients with aPL antibodies than in those without them [45].

2.4 Other neurologic manifestations

While intracranial hemorrhage (ICH) is not a common manifestation of APS,
there have been reports of reversible vasoconstriction syndrome (RCVS) [46]
which is characterized by thunderclap headaches (severe pain peaking in seconds),
and focal neurologic deficits.

Moyamoya disease, a progressive narrowing of cerebral vasculature with
collateralization, has also been reported to have associations with APS. Of the
16 cases reported in a small series of moyamoya and aPL, 21% fulfilled APS
criteria [47].

Sneddon syndrome is a rare entity that may be considered during workup for
APS. It is a chronic disorder, usually non-inflammatory, notable for generalized
livedo racemosa (which may be confused with livedo reticularis seen in APS), and
recurrent strokes [48]. Livedo racemosa is characterized by a violaceous netlike
patterning of the skin similar to the familiar livedo reticularis, although it differs by
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its location (more generalized and widespread, found not only on the limbs but also
on the trunk and/or buttocks). Approximately 40-50% of patients with Sneddon’s
syndrome present aPL antibodies, suggesting that some patients should be classified
as APS [49].

Cognitive dysfunction has been reported 19-40% in aPL-positive patients [50].
While many believe that the cognitive decline is due to multiple subcortical infarcts,
there have been theories that it is multifactorial, with genetic predisposition, anti-
body specificity, and direct antibody effects as potential contributors [51].

Migraines are the most prevalent neurologic manifestation in APS, estimated
prevalence of around 20% [52].

Other rare clinical manifestations of APS include seizures, acute ischemic
encephalopathy, transverse myelitis, amaurosis fugax, optic neuropathy, and other
neuropsychiatric disorders.

3. Epidemiology of stroke in the setting of APS
3.1 How many strokes can be attributed to antiphospholipid antibodies?

APS has been a recognized cause of cerebrovascular events (CVE) especially in
those without classic cardiovascular risk factors. Traditionally, it has been estimated
that one in five strokes in patients younger than 45 could be associated with APS,
but there have been concerns that this is an over-estimate due to referral bias [53].
Systematic reviews have provided much of our current knowledge on the preva-
lence of aPL in patients with vascular events, however broad population studies are
lacking. One large study evaluating stroke, pregnancy morbidity, myocardial
infarction, and deep vein thrombosis estimated that aPL antibodies were present in
~14% of stroke patients [22].

APS, either primary or secondary, garners consideration especially in
young patients with CVE. To address events in the young, the previous study [21]
was repeated for those less than 50 years of age and positive aPL was found in
17.4% of cases [54]. Regardless of diagnosis, the presence of any aPL increased the
risk of CVE by 5.48-fold for those under the age of 50, and the risk of thrombosis
progressively increases with the increasing number of positive antibodies [54]. It has
also been reported that patients with stroke and aPL positivity are younger and more
likely to be female than patients with strokes who are aPL negative [51]. A similar risk
for CVE has been recently reported in another study, where persistently positive aPL
increased the risk of CVE by 4.62-fold and where the positive criteria and non-criteria
aPL was found in 20/89 (22%) CVE patients [55].

3.2 How common are cerebrovascular events among patients with APS?

The Euro-Phospholipid Project cataloged the largest group of patients with APS.
At the initiation of this study, prevalence data were obtained with 13.1% of patients
having a stroke as their presenting manifestation [52]. Stroke was the fourth most
common presenting symptom behind deep vein thrombosis, thrombocytopenia,
and livedo reticularis. Of the 1000 patients, 204 (about 20%) experienced a stroke
at some point during their disease course [52]. Cervera et al. [52] made a delineation
regarding age-of-onset, defining “older-onset” APS as diagnosis after the age of 50.
Comparatively, the over-50 patients were more likely to have strokes (30%) and
were more likely to be male (34%), and were more likely to experience angina
pectoris (9%) [52]. These patients were followed over a 10-year time period, and
over that time period, 5.3% of the patients experienced a stroke. Stroke was the
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most prevalent thrombotic event. It was also the 4th leading cause of death in
these patients following bacterial infection, myocardial infarction, and
malignancy [14].

Patients with APS hospitalized with a stroke also have increased mortality com-
pared to patients without APS [55]. APS has also been identified as an independent
risk factor for hemorrhagic transformation of ischemic stroke (OR 2.57, 95%CI
1.14-5.81, p = 0.0228) and extended hospital length of stay [56].

3.3 What types of cerebrovascular events occur in patients with APS?

One of the unique aspects of APS is the diversity of types of vasculature
involved—arteries and veins, small vessels, and large vessels. Multiple mechanisms
of the prothrombotic state have been theorized and will be discussed in Section 4 of
this chapter. APS has been implicated in multiple stroke etiologic subtypes includ-
ing large-artery atherosclerosis, cardio-embolism, and small-vessel occlusion. How-
ever, the percentage breakdown between these etiologies has not been consistently
reported.

As previously stated, APS is responsible for venous events as well as arterial
events. In the cerebrovascular system, these include CVST. APS has been implicated
in 6-17% of all cases of CVST and tends to predispose to CVST at a relatively
younger age [44].

Vasculopathies, described in detail in Section 2, including Moyamoya and
Sneddon’s syndrome, overlap with APS at a rate of 21% and 50% respectively.
Reversible cerebral vasoconstriction syndrome (RCVS) has also been described in
patients with APS [46].

Other neurologic manifestations of the antiphospholipid syndrome include
headache (20%), seizures (8%), and chorea (1.3-4.5%), with less frequent
neurological manifestations including parkinsonism (especially progressive
supranuclear palsy), dystonia, ballismus, myoclonus, cerebella ataxia,
transverse myelitis, cognitive impairments, psychiatric symptoms, and peripheral
neuropathy [4, 57].

3.4 Does the pattern of antibody positivity influence the likelihood of stroke?

As outlined in Table 7, some aPL are associated with a higher risk of ischemic
stroke than others. Isolated LA positivity induces the greatest individual antibody
risk for ischemic stroke [58]. Anti- p2-GPI were also associated with increased risk
but to a lesser degree [58]. aCL and antiprothrombin antibodies have been reported
variably with some studies showing no increased risk as an independent risk factor
[27] while others reported to be independent risk when considering young patients
exclusively [58]. As mentioned, triple positivity with positive LA, p2-GPI antibodies
and aCL antibodies confers the highest risk [58].

High risk Moderate risk Low risk

Triple positivity Isolated aCL when persistently positive Isolated anti-f2-GPI positivity
(LA + aCL + anti-p2-GPI) in patients with SLE

Isolated LA positivity Inconsistent and low titer
isolated aCL positivity

Table 7.
Risk for cevebrovascular event based on serologic profile. Adapted [58].
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3.5 Does the presence of other risk factors for cerebrovascular events increase
the risk in patients with APS?

Traditional cardiovascular risk factors also play a role in outcomes for patients
with APS. Studies reveal that hypertension and smoking are the risk factors most
associated with repeat thrombotic arterial events [59]. Combinations of risk factors
have also been shown to increase the risk of repeat events [60]. Prospective studies
evaluating the results of risk factor control have yet to be reported.

The RATIO study (Risk of Arterial Thrombosis In relation to Oral contracep-
tives) identified that the use of oral contraceptives (OCPs) and smoking carried an
extremely high risk for women with APS in terms of risk for myocardial infarction
and ischemic stroke [28]. The data revealed that the relative risk for ischemic stroke
was higher in those who were smoking and in women with OCPs. The odds ratio for
ischemic stroke was 43.1 (95%CI 12.2-152.0), which increased to 201.0 (95%CI
22.1-1828.0) in women who used oral contraceptives and 87.0 (14.5-523.0) in those
who smoked. In women who had anti- p2-GPI, the risk of ischemic stroke was 2.3
(95%CI 1.4-3.7), but the risk of myocardial infarction was not increased (OR 0.9,
95%CI 0.5-1.6). Neither aCL nor anti-prothrombin antibodies affected the risk of
myocardial infarction or ischemic stroke [28].

4. Etiology and mechanisms of stroke in APS
4.1 Pathophysiology of stroke in APS

Vascular thrombosis in APS can affect a wide variety of organ systems, but
cerebrovascular thrombosis leading to stroke and transient ischemic attack is the
most prevalent and perhaps the most consequential arterial event [61]. In a retro-
spective study of 135 APS patients, the highest morbidity was linked to neurologic
involvement especially due to arterial thrombosis [62]. APS is also an important
cause of stroke in the young, but as described can also affect older individuals [60].
The mechanisms of stroke in APS are diverse and include thrombosis in arteries,
veins, and the microvasculature, as well as cardioembolism from non-bacterial
thrombotic endocarditis.

The pathophysiology of vascular thrombosis in APS is not completely understood,
but several studies suggest multiple converging pathways involving not only anti-
bodies but also endothelial cells, platelets, monocytes, coagulation cascade proteins,
and complements [63] producing a systemic thrombo-inflammatory state. The pres-
ence of aPL is not the sole cause for the significant clinical manifestations of APS as
there can be asymptomatic “carriers” [17, 60]. Therefore, as previously mentioned, a
“two-hit” hypothesis has been theorized, where the first-hit involves the presence of
circulating aPL and associated endothelial dysfunction, and the second-hit presents
an inflammatory insult such as trauma, surgery, or infection, leading to upregulation
of B2GPI receptors on endothelial cells, as schematically demonstrated in Figure 2.

Even though aPL can be detected either by clotting tests, such as LA, or by an
ELISA, such as aCL and anti-$2GPI, they are predominantly directed against f2GPI
[17] and prothrombin [64]. Other important antigens recognized by aPL are
annexin V, phosphatidylethanolamine, and phosphatidylserine [65]. Mechanisti-
cally these autoantibodies target phospholipid-binding plasma proteins bound to
the surface of vascular endothelial cells and thrombocytes [60]. Plasma proteins
predominantly bind to phosphatidylserine [17]. Normally located in the inner sur-
face of cell membranes, phosphatidylserine becomes externalized when endothelial
cells, platelets, and monocytes are activated. The avidity with which f2GPI binds to
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Arterial and venous thromboembolism, vasculopathy, inflammation, obstetric adverse events, and miscarriages

Figure 2.

The pathophysiology of vascular thrombosis in APS is not completely understood, but a 2-hit hypothesis is widely
proposed. The first hit involves the presence of circulating aPL and endothelial injury, while the second hit
requires an inflammatory insult such as trauma, surgery, or infection, leading to upregulation of beta-2
glycoprotein 1 (p2-GP1) receptors on endothelial cells. The aPLs-p2-GP1 receptor interaction unleashes
multiple converging downstream pathways culminating in a thrombo-inflammatory state. VEGF: vascular
endothelial growth factor; neutrophil extracellular traps (NETosis); GP: glycoprotein; TF: tissue factor
(adapted [64, 66, 67]).

phosphatidylserine is further enhanced by the ‘B2GPI’- ‘2GPI antibody dimeriza-
tion’ [66]. The downstream effect of p2GPI antibodies on endothelial cells and
monocytes includes increased expression of tissue factor and thromboxane A2
which trigger the extrinsic coagulation pathway [64, 67]. Furthermore, the
antibody binding inhibits the tissue factor pathway inhibitor and protein C activity
[64, 67]. Taken together, the net effect is the synergistic production of a
prothrombotic state. Endothelial cells, upon stimulation with aPL, also
downregulate their nitric oxide production and increase the surface expression of
adhesion molecules such as E-selectin leading to pro-inflammatory and pro-
coagulation endothelial phenotype [17, 57, 67, 68]. This antibody-induced endothe-
lial injury can lead to intimal hyperplasia, micro-vasculopathy, and accelerated
atherosclerosis [69]. Activated platelets increase their surface expression of GPIIb-
IlIa, synthesis of thromboxane A2 and platelet factor-4a, all acting to facilitate
thrombosis [67]. Activation of neutrophils with accompanying release of Neutro-
phil Extracellular Traps (NETosis) and IL-8 may also play a role [67]. Annexin V, a
natural anticoagulant, binds to phosphatidylserine (a procoagulant) forming an
anticoagulant shield in the physiologic state in APS, this shield is disrupted tipping
the system in favor of coagulation [70]. Upregulation in the mTOR (mechanistic
target of rapamycin) pathway on endothelial cells may partly explain the microvas-
cular thrombosis seen in APS.

In addition to vascular thrombosis, up to one-third of patients with APS develop
non-bacterial thrombotic endocarditis (NBTE) in which there is a deposition of
sterile platelet thrombi on heart valves, particularly the mitral and aortic valves,
which can be a source of cardioembolic strokes [66].

4.2 Genetic considerations

Population and family studies, as well as animal studies, have suggested genetic
disposition may be relevant to the development of APS. Like many autoimmune
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disorders, predisposition to APS has been mapped to genes in the major histocom-
patibility complex (MHC), among others. Also, epigenetic phenomena such as
altered microRNA biogenesis in neutrophils, leading to accelerated atherosclerosis,
have been implicated in APS [63].

5. Diagnostic workup for APS

The initial workup for stroke in the setting of APS is consistent with that of other
stroke etiologies. Specifically, a multisystem approach evaluating from “heart to
head” should be performed. However, in the setting of APS, a “head to toe” exami-
nation may be more aptly described. Prior to initiating an APS workup, there need
to be history and examination findings that begin to clue the diagnostician towards
an underlying process related to APS. Such findings, as previously mentioned in
Section 2 and to be discussed, are important to consider before initiating an exten-
sive and potentially costly workup. Although, among appropriate patients, APS
should be considered in numerous stroke/cerebrovascular settings including acute
ischemic infarct, hemorrhagic infarct, cerebral venous sinus thrombosis, and TIA.

5.1 When to test?

What raises the suspicion for APS in stroke? When should it be considered that
more information and studies are needed besides the typical workup usually
undertaken? The most pertinent situation would be when a younger patient
(<50 years) presented with a thrombotic stroke without identified classic risk
factors for ischemic/embolic stroke [71]. Initial workup may reveal exam and labo-
ratory findings that may raise the concern for APS as listed in Table 8. Notably,
subtle renal, cardiac, hematologic, and dermatologic system alterations can be
indicative. Further, a family history of early-onset stroke, clotting, or other sys-
temic features should be queried. Absence of typical risk factors including hyper-
tension, diabetes, atrial fibrillation, or known history of coagulopathy (e.g. protein

1. Hematologic
a. Thrombocytopenia
i. Mild/common: platelets 50,000-100,000 cells per mm [3]
ii. Severe/uncommon: platelets <20,000 cells per mm [3]
b. Hemolytic Anemia
i. Autoimmune hemolytic anemia (no schistocytes)
ii. Thrombotic microangiopathy (with schistocytes)

2. Neurologic
a. Cognitive impairment (with no evidence of stroke)
b. Subcortical white matter change

3. Dermatologic
a. Livedo reticularis or racemosa (consider Sneddon syndrome)
b. Livedo vasculitis (painful, recurrent ulcerations of bilateral lower extremities

4. Cardiac
a. Thickening (>3 mm) of the cardiac valves (proximal/middle part of valve leaflet, nodules with
irregularity on atrial side of mitral valve or vascular side of aortic valve)
b. Valve vegetations

5. Renal
a. Acute kidney injury due to/or evidence of acute microangiopathic thrombosis

Table 8.
Other important clinical signs of APS not noted in Sapporo criteria, by body system. Adapted [63].
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C deficiency, protein S deficiency, antithrombin III), among others, further
increases the consideration for APS. Notably, as many as 17% of cardiovascular
events in those under 50 reveal aPL antibodies and up to 22% including
anticardiolipin antibodies [54].

Of note, without suggestion of underlying coagulopathy or clinical findings
(see Table 8) a young patient without classic risk factors, testing for many
coagulopathies is not routinely performed. When performed, there is also the
question of whether this workup needs to occur in the inpatient setting, during
the patient’s admission for stroke, or if it can be done post-discharge. When
considering this, the most important question is: Will any findings acutely change
management? It should also be noted that for a positive diagnosis APS testing
needs to occur multiple times over a 3 month or longer time period. If considering
the APS diagnosis, formal hematology and/or rheumatology consult is
recommended. In general, the recommendation for inpatient vs. outpatient is that
some workup may be deferred if necessary, to the outpatient setting, either under
the care of the patient’s primary physician/provider, neurologist, hematologist, or
rheumatologist.

5.2 What to test?

Consistent with all stroke patients, every patient should receive standard stroke
workup testing including brain imaging (CT brain, MRI brain), vessel imaging of
the head, neck, and great vessels of the chest (CTA, MRA), cardiac imaging includ-
ing a transthoracic echocardiogram (TTE) and laboratory testing (CMP, CBC, PT/
INR, aPTT, TSH, HgbA1C, lipid profile). A bubble study with the TTE should be
considered if a paradoxical embolus from a DVT is on the differential. It is also
recommended to obtain basic inflammatory markers such as sedimentation rate
(ESR) and C-reactive protein (CRP) to evaluate for suggestion of diffuse
inflammatory disease [24].

Transesophageal echocardiogram (TEE) should also be considered if the etiology
remains uncertain, this is due to the increased frequency of valvular abnormalities
in the setting of APS that may include irregular nodules/vegetations most com-
monly on the atrial side of the mitral valve or vascular side of the aortic valve, or if
thickening of the valves is noted on TTE. Most commonly, the left side of the heart
is the affected side with the mitral valve more commonly affected compared to the
aortic valve. These cardiac changes are postulated to be due to immune complex
damage and fibrosis [72].

If APS is being considered, it is recommended that while inpatient with the
acute stroke the patient should have all antiphospholipid antibodies checked,
according to the revised Sapporo laboratory criteria (see Table 1). Notably, this
includes ELISA IgM/IgG for anticardiolipin (aCL) with a positive test showing
medium to high titers (>40 GPL/MPL units or >99th percentile), which will need
to be confirmed on at least two or more occasions, 12-weeks apart. Lupus anti-
coagulant (LA) should also be checked by two tests including dilute Russell viper
venom time (dRVVT) and LA-sensitive PTT (PTT-LA)), again conformed on at
least two occasions, 12-weeks apart. Lastly, an ELISA IgM/IgG for anti-beta2-
glycoprotein I ($2GPI) should also be tested, with a positive value determined by
titer in the 99th percentile, and again, should be tested on at least two occasions
12-weeks apart.

At least one clinical criterion (in the context of this chapter, most likely stroke)
and one laboratory criterion should be met to diagnosis APS. As described, these
tests are done 12-weeks apart, so the first set of lab tests will be performed inpatient
and then the second 12-weeks later, typically performed in the outpatient setting.
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As outlined in Table 8, if the patient does not meet revised Sapporo criteria, APS
may still be diagnosed if clinical suspicion remains high based on multi-system
abnormalities and if further etiologies are not identified [64].

If a patient inconsistently tests positive for APS, it may be warranted to also
check for other autoimmune diseases, namely systemic lupus erythematosus (SLE),
as up to 36% of those with APS will be positive for SLE. Having both APS and SLE
increases the risk for stroke beyond having only one or the other [31].

5.3 Understanding the tests

As described above, there are 3 primary antibody tests for APS including aCL,
LA, and B2GPI. Anticardiolipin (aCL) testing was first developed as a test for
syphilis in the 1900s [71]. The aCL antibody was found not to be specific to just
syphilis, thus its utility as a test for APS was also found after many false-positive
syphilis tests showed an increased risk for thrombotic events. The tests presently
use tissue derived from bovine tissue. Both IgG and IgM are evaluated by ELISA for
the presence of aCL antibodies. Notably, due to cross-reactivity as discussed with
syphilis, the presence of aCL does not alone confirm APS.

Lupus anticoagulant (LA) is a test for immunoglobulins that while associated
with thrombosis, are associated with preventing coagulation in vivo. The process
for testing LA is three tests including screening (usually with aPTT or dRVVT,
clotting of phospholipid factors), mixing (correct with normal plasma), and confir-
mation (shortening prolongation with added phospholipid) [67]. Once again, LA by
itself cannot confirm APS due to cross-reactivity. LA testing is outlined in Figure 3.

Anti-p2 glycoprotein I (B2GPI) enzyme-linked immunosorbent assay (ELISA)
testing is the last of the trio of tests for APS. There are 5 main domains of the f2GPI,

Screening: Assess for prolongation of B ]
phospholipid-dependent clotting with 0 ‘ LA negative
—
aPTT or dRVVT
Yes
Mixing: Correction of prolongation when Yes T ———
mixed with normal pooled plasma . . clottingdisc;rder iy

still be present

No

Confirmation: Prolongation shortens to LA rl'le.gat'rue, other
a significant degree when phospholipid is No Ko nuayrhe
added ——» | present

Yes

Lupus Anticoagulant is confirmed

Figure 3.
Testing for lupus anticoagulant (Adapted [67]).
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labeled DI through DV. Anti-B2GPI largely targets domain I (DI). When this
domain is targeted, it has been shown an association with thrombosis. The other
domains DII through DV being targeted have not been shown to have as strong a
connection for promoting thrombosis. Of note, there are some more rare entities
that may also raise anti-2GPI levels, such as leishmaniasis, leptospirosis, or leprosy.
For APS, the associated antibodies are against the IgG form, whereas other elevates
of anti-p2GPI may be directed towards the IgM variety [73].

5.4 Implications of acute diagnosis

Unless the patient presents with a prior history of APS, the diagnosis of APS will
likely be in question during the acute and subacute stroke window. This is because
APS by laboratory criteria needs to be performed 12-weeks apart with two positive
tests to confirm. That said, a patient that presents with a stroke and has one or more
laboratory results that are concerning for APS (positive LA, aCL, anti-p2GPI), there
is a question if confirming APS would change acute management. Oftentimes, the
answer is yes; this even in the setting of likely APS, because thrombosis can be
multifactorial and can progress between confirmatory APS testing [67]. As such,
management should focus on appropriate treatment for the source of the stroke. For
example, if the source is cardioembolic, the timing of initiation of anticoagulation
should be considered, weighing the risk of a second embolic event while not on
indicated therapy versus the risk of hemorrhagic conversion of the primary infarct.

6. Treatment: primary and secondary prevention

Once the workup for APS is complete, and if positive, the next logical step is to
address treatment. However, prior to addressing treatment, let us first consider if
APS is a primary risk factor for stroke risk. Numerous studies have been performed
to address this question, culminating with a meta-analysis evaluating 15 different
studies in aggregate [54]. In this evaluation, 13 of the 15 studies reported a significant
association between a CVE and aPL antibodies with a cumulative odds ratio of 5.48
[54]. While this study provides insight into primary event risk, a follow-up question
relates to the risk of APS with recurrent stroke. A second meta-analysis was com-
pleted looking at 8 studies to answer this question, demonstrating no statistically
significant risk of recurrent ischemic stroke among APS patients [74]. Understanding
why one meta-analysis demonstrated a link between aPL antibodies and single ische-
mic events, while another did not show a link with recurrent events remains
challenging to understand. One hypothesis used to explain these incongruent
findings is that clinical events do not occur frequently occur despite the presence of
the antibodies, suggesting that treatment and/or lifestyle modifications after a first
stroke affect the chance of a second event [74, 75]. Therefore, an understanding that
APS is associated with the single cerebral vascular event, and that treatment affects
the chance of a second event, indicates that secondary prevention is highly
warranted.

6.1 Primary prevention

Knowing that therapy is indicated, we can now evaluate various treatments on
the risk of thrombosis in the setting of APS. In those individuals without any other
risk factors, the risk of thrombosis is less than 1% per year [76, 77]. In this group,
when they do present with a thrombus, it is normally in the setting of another
thrombotic risk factor, such as cancer, surgery, pregnancy, estrogen use, acute

35



Antiphospholipid Syndrome - Recent Advances in Clinical and Basic Aspects

infection, smoking, and hypertension. On the other hand, the risk of thrombosis can
be as high as 5% per year in individuals with a persistent moderate high-risk profile
including aPL antibodies and a systemic autoimmune disease [78]. Therefore, with
the risk of thrombosis being so variable, sometimes as low as 1% or other times as
high as 5%, the question of optimal prevention strategies can be challenging.

Regarding primary prevention (before a stroke or vascular event) the answer
remains controversial with only scant data based on prospective trials [79]. Some of
these trials have demonstrated a decrease in thrombosis with the use of aspirin. For
example, a meta-analysis of 11 mostly observational studies demonstrated a 2-fold
risk reduction in the first thrombotic event with a more significant effect in those
with arterial thrombosis [79]. Post subgroup analysis of only prospective trials
demonstrated there was no significant difference between aspirin and those not
treated [79]. Therefore, with conflicting data on aspirin, one may ask could there be
a benefit with the use of anticoagulation as well as aspirin for primary prevention.
While the data was limited, one primary prevention study evaluated the use of
aspirin alone vs. aspirin plus anticoagulation in 166 patients, demonstrating no
significant difference in terms of the amount of thrombotic events between groups,
with an increased risk of bleeding in the aspirin plus warfarin arm [80]. Therefore,
given the increased bleeding risk, the use of aspirin and warfarin in combination is
not recommended for primary prevention, with the question of aspirin use in
isolation remaining. Many agencies have weighed in on this subject including the
13th International Congress on Antiphospholipid Antibodies as well as the Euro-
pean League Against Rheumatism making recommendations suggesting the use of
aspirin in high-risk antiphospholipid profiles, those with other thrombotic risk
factors, as well as those with SLE [58, 81]. Even with these recommendations, one
must also consider the risk of bleeding with the use of aspirin. One meta-analysis
looking at six randomized control trials showed an association of increased annual
risk of major bleeding in those patients using aspirin with hypertension, age > 65,
diabetes, and male sex being the most significant associated risk factors [82].

In summary, the decision to use primary prevention remains an individualized
choice based on a patient-centric decision. Overall, though one should consider the
use of primary prevention with aspirin in those with cardiac risk factors, high risk
antiphospholipid antibody profile, presence of other thrombotic risk factors and in
the presence of other autoimmune disease always ensuring a thorough risk benefit
analysis is done with concern for bleeding. See Figure 4 for breakdown of treatment
option algorithm.

Previous
Thrombus
High risk APS pr_of]l.e, Hx of bleeding or risks of
other thrombotic risk . .
P di bleeding outweigh
actors, or cardiac benefit of treatment

risk factors

Y

Consider Low C&?nsifjer
Dose Aspirin monitoring off

treatment

Figure 4.
Treatment options algorithm (adapted [10]).

36



Antiphospholipid Syndrome and Stroke
DOI: http://dx.doi.org/10.5772 /intechopen.101777

6.2 Secondary prevention: arterial primary event

Knowing the indications for the use of primary prophylaxis we now consider
secondary prophylaxis. Data regarding the need for secondary prophylaxis
specifically in previous arterial thrombi remains scant without any consensus. For
example, one study demonstrated the use of warfarin with a goal INR of 1.4-2.8 was
not superior to full dose aspirin 325 mg alone for stroke prevention, with concerns
that this study was flawed due to transient positivity of aPL antibodies [27].
Another study evaluating 20 patients with ischemic stroke demonstrated that the
use of low-dose aspirin and warfarin with a goal INR of 2-3 was superior to low-
dose aspirin alone in the prevention of further arterial thrombi [11]. While two
other studies demonstrated that for older patients with stroke, and a single test
showing low titers of anticardiolipin antibodies, that aspirin may be as effective as
warfarin [27, 83]. With this conflicting data, there remains no consensus statement
on secondary prophylaxis with many agencies weighing in on this subject. For
example, the 13th International Congress on Antiphospholipid Antibodies as well as
the European League Against Rheumatism both recommended secondary prophy-
laxis with high-intensity warfarin with an INR > 3 or low dose aspirin combined
with moderate-intensity warfarin with an INR from 2 to 3 [58, 81]. Both agencies
decided on using a goal INR of >3 for warfarin because in previous studies evaluat-
ing different doses of warfarin in treating thrombi, relatively few patients with
arterial thrombi were enrolled [84, 85]. Overall, data remains scarce and guidelines
are based upon a consensus of expert opinion. In those with recurrent arterial
events, some recommend increasing target INR level and or switching to low
molecular weight heparin with the addition of other adjective therapies to include
statins [86].

In summary, the decision on which patient to treat and which agent to use for
secondary prophylaxis with arterial thrombi remains a patient-centric decision.
Those with high-risk aPL profiles, presence of other systemic autoimmune diseases,
and or other risk factors for thrombus would likely benefit from treatment with
either aspirin and warfarin with a goal 2-3 or warfarin alone with a goal INR 3-4.
Those with recurrent events would likely benefit from increasing the INR goal or if
not feasible switching to low molecular weight heparin. Moving forward it would be
beneficial to validate a risk stratification model to identify those with arterial
thrombosis who would benefit from more aggressive treatment [67]. See Figure 5
demonstrates a treatment options algorithm.

6.3 Secondary prevention: venous primary event

Now knowing the indications and treatment options for the use in secondary
arterial prophylaxis we now move on to secondary venous prophylaxis, which in
the case of stroke would be beneficial in treating paradoxical emboli. Much differ-
ent from that in arterial secondary prophylaxis, there is more of a consensus
regarding the treatment of secondary venous prophylaxis using warfarin with a
goal INR of 2-3 showing a decrease in recurrent venous events of 80-90% [57, 87].
Some studies have evaluated the use of higher intensity anticoagulation with a goal
INR of 3.1-4.5 showing no reduced risk in thrombosis, but a significant excess of
minor bleeding [84, 85].

Therefore, with the above data, we can safely say in summary for secondary
prevention for venous thrombi in those with a chance of paradoxical emboli treat-
ment with warfarin with a goal INR of 2-3 is indicated. See Figure 5 for a treatment
options algorithm.
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Figure 5.
Arterial versus venous thrombus treatment options algorithm (adapted [13]).

6.4 Other treatment considerations
6.4.1 Direct oral anticoagulants

Following the basics of both primary and secondary prevention, one may ques-
tion other anticoagulation options as adjuvant therapies. Regarding the use of direct
oral anticoagulants (DOACs) there remains insufficient evidence with data
suggesting an increased risk of thrombosis [88]. For example, two studies demon-
strated no difference in the rate of venous thromboembolism and an increased risk
of arterial thrombotic with the use of rivaroxaban over warfarin [89, 90]. Looking
at this data more closely, a meta-analysis of these two studies did not find an
increased risk of thrombosis in patients treated with rivaroxaban over warfarin at a
6 month follow up, however for unclear reasons, almost 3/4 of the thrombi
occurred post the 6 months follow up [39]. Given the lack of prospective data, the
utility of DOACs in the treatment of thrombus formation remains uncertain.

6.4.2 Other therapies

Beyond DOACs, other adjuvant therapies have been studied including statins
and hydroxychloroquine. With statins being a mainstay of treatment post-stroke, it
would not be unreasonable to think that they may be beneficial in APS, potentially
exhibiting pleiotropic effects including anti-inflammatory, antithrombotic, and as
well as the expected lipid-lowering potential [13]. To date, there have been no
randomized controlled trials looking at the efficacy in this group of patients. One
study however did look at the levels of pro-inflammatory and prothrombotic
markers post use of Fluvastatin, which were significantly decreased suggesting their
benefit in APS [91]. At this time without a randomized control trial, the 15th
International Congress on Antiphospholipid Antibodies has recommended the use
of statins in those with high cardiovascular risks and or recurrent thrombosis
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despite adequate AC [88]. Regarding the use of hydroxychloroquine, similar to
statins in addition to its immunomodulatory effect, it also has antithrombotic
properties making it a good candidate as adjunctive therapy [88]. Two studies have
been performed demonstrating differing results regarding treatment with
hydroxychloroquine plus aspirin vs. aspirin alone. The first demonstrated no dif-
ference between rates of thrombosis between both groups [92]. The other demon-
strated a significantly lower thrombotic rate compared to standard of care alone, in
addition to down-trending antibody titers [93]. These data suggest that both statins
and hydroxychloroquine could be beneficial as adjunctive therapies in specific
situations, although more data is needed for consensus.

6.4.3 Stopping therapy

Throughout this section, we have addressed the need for primary and secondary
prevention, but one question left unanswered is safety as associated with therapy
cessation. Unfortunately, there remains a multitude of answers to this question,
hence each case should be considered independently. In those with a history of
arterial thrombotic events, the risk of repeat thrombus formation off
anticoagulation is too high and therefore indefinite anticoagulation is warranted
[94]. In those with a history of transient positivity of antiphospholipid antibodies
who eventually become negative based on two separate studies, one can consider
stopping anticoagulation [95, 96]. Specifically, this would be associated with those
who only have primary APS with persistently negative antibodies where if there
was a thrombotic event it occurred in association with a transient risk factor
including pregnancy or immobilization as examples [96]. In these cases, it is
thought that the antibodies do not play a pathogenic role, but rather are a “phe-
nomenon”. Therefore, some have recommended a 3-6-month course of
anticoagulation with consideration to look for residual thrombus, which has been
shown to increase the rate of recurrence by 50% [94]. Notably, the data and
recommendations regarding stopping anticoagulation are based upon two small
case series. Therefore, with such insufficient data, unless the risk of anticoagulation
outweighs the benefit it would not be recommended to stop anticoagulation in those
that become persistently negative.

6.4.4 Final thoughts on therapy

Throughout this section we have addressed both preventions of stroke in APS,
but what if someone should fail prevention and come in with an acute stroke. The
answer to this question unlike many of the other is simple. Acute management is no
different than those with or without APS [97]. Lastly, as described, APS often
requires treatment with anticoagulant medications such as heparin to reduce the
risk of further episodes of thrombosis and improve the prognosis of pregnancy.
Warfarin (brand name Coumadin) should not be used during pregnancy because it
crosses the placenta and is teratogenic. Unfractionated heparin (UFH) and low
molecular weight heparin do not cross the placenta and are safe for the fetus, but
long-term treatment with UFH is problematic because of its inconvenient adminis-
tration, the need to monitor anticoagulant activity, and because of its potential side
effects, such as heparin-induced thrombocytopenia and osteoporosis [98].

7. Conclusion

Thromboses of the cerebral arterial and venous systems are a common manifes-
tation of APS leading to ischemic and/or hemorrhagic stroke. APS has been a
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recognized cause of CVE especially in those without classic cardiovascular risk
factors. It has been estimated that one in five strokes and patients younger than 45
could be associated with APS and some newer studies show that APL antibodies are
present in approximately 14% of stroke patients. Persistently elevated APL seems to
increase the risk for CV by at least fourfold. Stroke is the fourth most common
presenting symptom behind deep venous thrombosis, thrombocytopenia, and
livedo reticularis. The recurrent risk of stroke in APS patients has been less widely
studied as compared to other types of thromboses, however, cumulative risk of 14%
for brain ischemia at 10 years has been reported. APS increases stroke risk via many
mechanisms including hypercoagulability, inflammation, accelerated atherosclero-
sis, and cardiac manifestations, among others. Mechanistically these lead to in-situ
clot formation and/or embolic phenomena. Physicians must carefully consider all
these potential mechanisms when evaluating and treating stroke patients to achieve
both optimal short- and long-term outcomes. While the exact underlying patho-
physiology of APS remains uncertain, underlying genetics in the setting of a trig-
gering event (e.g., surgery, trauma, infection) is believed to play a key role in the
development of the disease. While primary and secondary prevention recommen-
dations continue to evolve, each case should be considered independently to
achieve optimal results. Results from more randomized control trials are needed to
further infer upon the ever-evolving consensus guidelines. For the time being, the
decision to use primary and/or secondary prevention therapies, and of which type,
will continue to be an individualized patient-centric decision requiring careful
interpretation of test results with multispecialty (neurology, hematology,
rheumatology) input.
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Obstetric Antiphospholipid
Syndrome
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Abstract

Antiphospholipid syndrome (APS) is characterized by thrombotic events and
obstetric complications in the presence of persistently positive antiphospholipid
antibodies. Obstetric manifestations include, recurrent miscarriages, fetal death at
or beyond the 10th week of gestation, and premature birth due to pre-eclampsia/
placental insufficiency. Even now, both clinical features and laboratory parameters
are controversial. Both can be used to stratify women with APS in terms of risk of
adverse pregnancy outcome, and thus adjust treatment. APS pregnancies should be
classified into low, medium and high-risk classes based on clinical and laboratory
features. Depending on the risk class, the most appropriate therapy must be then
selected. Heparin plus LDA is considered the standard of care for patients with a
confirmed diagnosis of obstetric APS and generally results in over 70-80% success-
ful pregnancies. The 20-30% pregnancies in which treatment fails are defined as
“high-risk” or “refractory” pregnancies. Numerous treatments have been used in
addition to standard of care, to treat these patients, but no well-designed trial has
yet been conducted. New insights into the etiopathogenetic mechanisms of obstet-
ric APS have led to the testing of new therapeutic approaches, that may soon change
the way we manage this condition.

Keywords: fetal death, obstetric antiphospholipid syndrome,
antiphospholipid antibodies, pregnancy, therapy

1. Introduction

Antiphospholipid syndrome (APS) is a rare systemic autoimmune disease
characterized by thrombotic events and obstetric complications in the presence of
persistently positive antiphospholipid antibodies (aPLs) [1]. The condition may
occur alone, that is primary APS, or in association with other autoimmune diseases,
most commonly systemic lupus erythematosus (SLE), and is then referred to as
secondary APS. The classification criteria (Table 1), developed in 1999 [2] and
revised in 2006 [1] include clinical features consisting of thrombosis and/or obstet-
ric morbidity in the presence of laboratory criteria such as lupus anticoagulant
(LA), medium-high titer IgG/IgM anticardiolipin antibodies (aCL) and/or anti-f2
glycoprotein I (anti-p2GPI). They are often used, also, as diagnostic tools. Obstetric
APS (OAPS) subsets are featured by recurrent early miscarriages, fetal death at
or beyond 10 weeks of gestation, and early delivery due to severe preeclampsia or
placental insufficiency [3, 4]. The first associations between recurrent pregnancy
loss and a circulating anticoagulant later known as LA, date back to 1975 [5], but it
was not until 1984 Hughes linked the presence of aCL with recurrent miscarriages
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defining APS [6]. Nowadays, OAPS is considered one of the few treatable causes of
recurrent loss and represents an important health burden for women of childbear-
ing age and a challenge for the physicians [7]. Management of OAPS is challenging
for the physician, as individual women with APS do not have the same obstetric
risk profile. In the last decade, the importance to stratifying them based on their
laboratory and clinical features has been emphasized to quantify the risk of adverse
pregnancy outcome. Many efforts have also been made to adjust therapy according
to risk stratification [8]. Moreover, new insights into the pathogenesis and clinical
understanding of APS have led to potential new therapeutic approaches [9, 10].

This chapter aims to clarify aspects of pathogenesis, clinical features, risk
stratification and therapeutic strategies in OAPS.

2. Antiphospholipid antibodies

The aPLs are a heterogeneous group of autoantibodies that bind primarily to
circulating plasma proteins such as p2GPI, prothrombin, and others when bound
to phospholipids themselves. The prevalence of aPL is about 1-5% in the general
population and increase up to 40% in patients with pregnancy complications
[11-14].

2.1 Criteria antiphospholipid antibodies

Currently, there are three types of aPLs, depending on the detection method,
which are included in the laboratory classification criteria for APS (Table 1).

Clinical criteria

o Vascular thrombosis

One or more clinical episodes of arterial, venous or small vessels thrombosis in any organ or tissue

Thrombosis must be confirmed by appropriate imaging studies or histopathology

Thrombosis on histopathology specimen must be present without inflammation of vessel wall

* Obstetric morbidity

One or more unexplained fetal death of a morphologically normal fetus at or beyond 10th week of gestation

One or more premature birth of a morphologically normal neonate before 34th week of gestation due to
placental insufficiency and/or eclampsia or severe pre-eclampsia

Three or more consecutive early miscarriages before 10th week of gestations; with maternal and paternal
factors such as anatomical, hormonal and chromosomal abnormalities should be ruled out

Laboratory criteria

Medium to high levels of aPLs antibodies detected on two or more occasions, at least 12 weeks apart

* Lupus anticoagulant, detected according to the guidelines of the International Society on Thrombosis
and Hemostasis

* Anti-cardiolipin antibodies (IgG and/or IgM) at medium-high levels (>40 units or above the 99th
percentile)

* Anti-B2-glycoprotein I antibodies IgG and/or IgM at medium-high levels (>40 units or above the 99th
percentile)

aPLs: antiphospholipid antibodies, IgG: immunoglobulin G, IgM: immunoglobulin M.

Table 1.
Clinical and laboratory criteria of definite antiphospholipid syndrome. APS is diagnosed when at least one of
the following clinical criteria and one of the following labovatory criteria are met.
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2.1.1 Lupus anticoagulant

LA are heterogenous antibodies detected with a functional test that measures the
ability of aPL to prolong phospholipid-dependent clotting reactions. Anti-p2GPI
[15] and anti-prothombin (aPT) antibodies [16] have been identified as the main
mediators of this reaction. LA detection is very challenging, as it has many pitfalls
leading to either false positive or false negative results. The International Society for
Thrombosis and Hemostasis (ISTH) guidelines released in 2009, updated in 2018
provided a step toward standardization of LA [17, 18]. Following those guidelines
LA detection is based on the simultaneously use of two assays with different prin-
ciples following a multi-step procedure, with screening, mixing and confirmation
steps. The most commonly used are activated partial thromboplastin time followed
by the diluted Russell’s viper venom test. The presence of LA should always be
confirmed by performing the assays in the presence of excess of phospholipids,
with a correction of the prolongation of the times as a result.

2.1.2 Anticardiolipin antibodies

aCL are heterogeneous antibodies that in immunoassay’s bind to a complex of
phospholipids and plasma proteins, mainly f2GPI. In this assay there can be mea-
sured two types of aCL, “p2GPI-indipendent” that bind to phospholipids alone and
are typically free of clinical significance and “p2GPI-dipendent” which are related
to clinical manifestations of APS [19-21].

2.1.3 Anti-P2 glycoprotein antibodies

Anti-B2GPI antibodies are specific to the p2GPI, a cofactor with affinity for
anionic phospholipids which inhibits in vitro the activation of prothrombin and the
ADP-dependent platelet aggregation [22].

Both aCL and anti-2GPI antibodies of IgM and IgG isotypes are detected by
immunological assays following the ISTH subcommittee recommendation [23]. IgG
and IgM isotype, at medium-high titer have greater clinical significance [24].

2.2 Non-criteria antiphospholipid antibodies

A series of autoantibodies non included in laboratory classification criteria the
so called “non-criteria” aPLs have been reported in the last years related to APS
manifestations. Those directed against two major phospholipids-binding protein
representing the true antigenic targets for aPL (i.e. prothrombin and p2GPI) have
demonstrated the highest significant association with thrombotic and obstetric
features of APS [25-27].

2.2.1 Anti-prothrombin antibodies

APT antibodies are detected by ELISA using a purified prothrombin as antigen
coated onto irradiated plates [28] or phosphatidylserine/prothrombin complex [29].
Although a correlation between the two assays have been reported, these antibodies
differed either in affinity or in epitopes that they recognized [30]. The ones directed
against anti-phosphatidylserine/prothrombin complex (aPS/PT) seems having a
closer association with APS and LA activity than with antibodies to prothrombin
alone [31, 32]. aPS/PT have been reported to be significantly associated with both
thrombotic and obstetric manifestations of APS [33-35]. Moreover, since they have
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been shown to be closely related to LA, have been proposed as a surrogate test for
and as an additional serologic marker of APS, to be performed with other aPL tests
to improve diagnosis [36, 37].

2.2.2 Anti-domain I antibodies

A subgroup of anti-p2GP]I, those directed to domain I of the molecule [15], have
been reported to be strongly associated with thrombosis and LA in APS patients
while those directed to domain IV/V are less frequent [25, 26]. Recently has been
suggested that the ratio between anti-p2GPI-DI and anti-f2GPI-DIV/V IgG can
provide a better profile of anti-p2GPI antibodies linked to APS and antibodies
occurring in other pathologic condition [38].

To improve risk prediction of recurrent thrombosis and pregnancy loss the
Global Anti-Phospholipid Syndrome Score (GAPSS) was developed, considering
the aPL profile, conventional cardiovascular risk factors, and autoimmune antibody
profile. Validated in APS and in SLE patients, a high GAPSS score predicted throm-
bosis better than aPLs alone [39, 40]. Recently, the GAPSS score has been shown to
be a useful tool for predicting a higher likelihood of favorable pregnancy outcome
in pregnant women treated with conventional therapy [41].

3. Pathogenesis of obstetric antiphospholipid syndrome

The exact etiopathogenetic mechanism liable for obstetric morbidity in APS
is not yet known. The aPLs are not only a diagnostic marker but have a key role
in determining thrombosis and obstetric complications [42]. In the early stages,
during pregnancy, the cytotrophoblastic cells differentiates into two cell types. The
villous trophoblast will fuse to form the syncytiotrophoblast, a barrier of protec-
tion between the mother and the fetus. While, the extravillous trophoblast will
progressively invade and colonize the maternal endometrium [43]. aPLs target the
placenta, especially the cytotrophoblastic cells. Trophoblast, synthetize f2GPI, a
70 kDa cationic protein that is normally in a “closed conformation”, when free in the
plasma of patients. It is composed of five homologous domains of approximately
60 amino acids each. Domains I and V are the two domains positively charged [44].
During normal pregnancy and syncytiotrophoblast formation, anionic phospho-
lipids are externalized at trophoblastic cell surface, leading to the binding of p2GP1
via domain V. This binding offers a potential site of actions for aPL by changing
the conformation of the protein from a circular to an open form and exposing
domains I-1V to the surface [45, 46]. aPL have been incriminated in alteration of
trophoblastic cells via different mechanisms. Pathogenesis of aPL in pregnancy
include thrombotic mechanisms, inflammation, apoptosis and immunomodulatory
molecules impairments in trophoblast [47].

3.1 Thrombotic mechanisms

The placental infarctions due to aPLs-mediated thrombosis of spiral arteries
have been thought to be the main cause of fetal demise [48]. However, thrombosis of
placental surface is not a universal feature. Recently, placental infarction has been dem-
onstrated [49], only in one third of the placenta of aPLs-positive women and moreover,
similar lesions were also reported in those of aPLs-negative women who had had a
miscarriage [50, 51]. According to a review of 34 studies comparing the prevalence of
placental features between aPL-positive women and aPLs-negative ones, five lesions,
have been identified, as fingerprint of human placental aPLs including: placental
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infarction, impaired spiral artery remodeling, decidual inflammation, an increase of
syncytial knots and a decrease of vasculo-syncytial membranes [52]. These different
features of aPLs placenta fingerprints give rise to thought that pregnancy complications
by aPLs are due to different pathologic events mainly non-thrombotic related.

3.2 Non-thrombotic mechanisms

The non-thrombotic mechanism which leads to defective placentation are
thought to be the main cause of obstetric manifestations. Especially, aPLs have
direct effect on trophoblast viability and syncytialization as well as on trophoblast
invasion and alter the production of syncyotrophoblast hormones. Moreover, signs
of inflammation within the decidua, such as fibrin deposits, were more represented
than thrombosis in histological analysis of placenta from women with APS, suggest-
ing another mechanism in pregnancies affected by aPL [52, 53].

3.2.1 Defective placentation

aPLs affect trophoblast viability by both decreasing their proliferation and
promoting their death [49] and by altering their expression of the apoptotic regula-
tors BcL-2 and Bax [54]. Furthermore, aPLs decrease the expression of caspases 3
and 7, suggesting that they are involved in death mechanism of the trophoblast [55].
Moreover, as demonstrated by different studies [49, 56], aPLs are involved in the
inhibition of syncytialization, an essential process for the replenishment of the syn-
cytiotrophoblast. It has been speculated that the mechanism by which aPLs inhibit
syncytializationis due to the decrease of caspase expression, the activation of which
is required for cytotrophoblast fusion [52]. Thus, proliferation of cytotrophoblast
is reduced, while death increases. This results in a fewer cytotrofoblasts available to
replenish the syncytiotrophoblasts. On the other hand, increased death of the syn-
cytiotrofoblasts, leads to increased production of trophoblast debris and increased
denudation of syncytiotrophoblasts and fibrinoid deposition. This process leads to a
decrease in de syncytialisation and thus impaired placentation [49].

3.2.2 Trophoblast invasion

Trophoblast invasion, into maternal spiral arteries, is an essential physiologic
change that allows the anchoring of placenta to the decidua as well as the transplacen-
tal passage of nutrients and wastes between the mother and the fetus. Several studies
in vitro [49] have shown that aPLs reduce the ability of extra-villous cytotrophoblast to
invade the maternal decidua, so affecting both the anchorage of placenta and the spiral
arteries transformation, the latter leading to a reduced blood flow to the placenta. The
aPLs are thought to impaire trophoblast invasion by altering the expression of adhe-
sion molecules such as placental growth factor (PIGF), vascular endothelial growth
factor (VEGF) and soluble FmS-like kinase I (sFlt-I) as well as cytokines such as
interleukin 1p [49, 52, 57]. Altered trophoblast invasion of leads to impaired transpla-
cental passage resulting in pre-eclampsia and intrauterine growth restriction (IUGR).
In fact, increased sFlt-I levels in the first trimester have been shown to correlate with
later onset pre-eclampsia, suggesting them as predictors of preeclampsia [58].

3.2.3 Inflammation, complement activation, and disruption of annexin shield
A well-known fingerprint of APS placenta histology is inflammation. In addition to

increased release of cytokines such as IL-1p as described above, aPLs effect comple-
ment activation. Girardi et al. [59] had shown that aPLs increased complement
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deposition on the trophoblast surface in vitro. While, murine models of APS dem-
onstrate a crucial role of the complement system in determining pregnancy morbid-
ity [59-61], on the other hand, the placenta of women with APS showed deposition
of C4d and C3b [62]. Moreover, data from the PROMISSE study in pregnant SLE
and/or APS or aPL positive patients, showed that detection of increased Bb and
sC5b-9 levels early in pregnancy was predictive of adverse pregnancy outcome,
confirming complement activation as a contributor to pregnancy failure [63].
Complement activation stimulates neutrophils to release tumor necrosis factor-alfa
(TNF-a); pregnant mice lacking TNF-a are protected from pregnancy loss induced
by injections of aPLs [64].

Last, but not least, aPLs disrupt the binding of annexin V, an anticoagulant
protein that crystallizes over phospholipid bilayers blocking their availability for
coagulation reactions. This disruption additionally contributes to both thrombosis
and miscarriages in the APS [65, 66].

Overall, the pathogenetic mechanisms by which aPLs cause obstetric com-
plications are complex and include both inflammatory and non-inflammatory
mechanisms, which are not mutually exclusive and may coincide in time. This could
reflect the different characteristics of fetal complications. Adequate invasion of
the trophoblast into the maternal decidua remains crucial for a normal-evolving
pregnancy. Inadequate invasion of the maternal spiral arteries by the extravillous
cytotrophoblast and severe inflammation of the placenta, together with reduced
hormone secretion leading to early miscarriages are thought to be the major
pathogenic mechanisms of early pregnancy loss in APS patients. While, a lack
of transformation of the maternal spiral arteries together with activation of the
complement and of the coagulation cascade are responsible for late pregnancy loss
and preeclampsia.

4, Clinical manifestations of obstetric APS

Obstetric morbidity of APS is characterized by various pregnancy complications
such as recurrent miscarriage, fetal death, and premature birth. These manifesta-
tions can occur in the same patient during her childbearing years.

Recurrent early miscarriage (REM) is the most frequent obstetric feature of APS. In
the European Registry on Obstetric Antiphospholipid Syndrome REM was observed
in almost 54% of women with obstetric APS [67]. On the other hand, aPLs are found in
up to 20% of women who experience an early abortion [11]. REM can be caused by vari-
ous maternal and paternal factors such as anatomical abnormalities, endocrine diseases
such as diabetes and thyroiditis, autoimmune diseases, parental chromosomal abnor-
malities and infectious agents. Therefore, these causes must be systematically excluded
specifically in cases where REM is the only clinical manifestation.

In contrast, fetal death and premature birth due to pre-eclampsia and/or pla-
cental insufficiency are considered more specific clinical manifestations of APS
[3]. Fetal death, in particular the late fetal loss, i.e. beyond 20 weeks of gestation is
strongly associated with aPLs [68, 69]. In a population-based study by The Stillbirth
Collaborative Research Network in the United States [69], elevated aCL and anti-
p2GPI levels were associated with a 3- to 5-fold increased likelihood of stillbirth.
Pre-eclampsia, eclampsia, and placental abruption are maternal complications
of APS. Preeclampsia occurs in approximately 10-17% of pregnancies with APS,
compared to 3-5% of pregnancies without the condition [3, 70]. Preeclampsia in
patients with APS is often severe and occurs early in pregnancy [70]. These data
were recently confirmed in a case-control study, which found that more than
10% of women who gave birth before 34 weeks’ gestation due to pre-eclampsia or
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placental insufficiency were positive for aPLs [71]. In a study of 1000 consecutive
APS pregnancies, the presence of early pre-eclampsia and early IUGR was found in
181 (18.1%) and 161 (16.1%), respectively, despite treatment [67].

Even when treated with heparin plus low-dose aspirin (LDA), 9-10% of preg-
nant women with APS develop pre-eclampsia. This highlights the fact that counsel-
ing these pregnancies and identifying risk factors are very important to personalize
therapy, as will be discussed later.

5. Risk stratification in obstetric antiphospholipid syndrome

The outcome of pregnancy in women with APS depends on their clinical history
and aPLs profile. Therefore, women with APS or high levels of aPLs should be
counseled before pregnancy to perform risk stratification.

Several risk factors are predictors of poor pregnancy outcome. The presence of
triple aPL positivity [72, 73], which refers to IgG/IgM aCL plus IgG/IgM anti-$2GPI
plus LA, correlates strongly with vascular thrombosis and pregnancy morbidity.
Moreover, the presence of persistent positive LA [74, 75] has been reported as
the strongest predictor for either pregnancy loss or recurrent thrombosis. These
high-risk aPL profiles (Table 2) are associated with an increased risk of pregnancy
morbidity such as intrauterine growth restriction and premature birth as well as
pre-eclampsia despite appropriate anticoagulant treatment [73, 76-78]. Regarding
clinical features, women with aPLs and a history of thrombosis, severe pregnancy
complications such as pre-eclampsia, eclampsia, or HELLP syndrome, a concomi-
tant SLE diagnosis, or low complement levels are associated with a higher risk of
pregnancy morbidity [78, 79]. On the other hand, there are consistent data showing
that a history of pregnancy morbidity alone and a single aPLs positivity for aCL or
anti-p2GPI are associated with a higher live birth rate [73].

According to the risk stratification, women with obstetric APS can be divided
into three groups (Figure 1), namely A-low risk pregnancy, those with obstetric
morbidity alone and single or double positivity for aPL, B-medium risk pregnancy,
those with prior thrombosis and single or double positivity for aPL, and C-high risk
pregnancy, those with prior thrombosis and/or severe pregnancy complications and
LA /triple positivity for aPL. This subdivision could guide the therapeutic approach
in these patients.

Pregnant women with APS must also be closely monitored during pregnancy to
promptly identify signs of placental insufficiency. It has been shown that upgrading
therapy at the first signs of placental insufficiency results in a higher birth rate [80].

High-risk aPLs profiles

* Persistent LA positivity (measured according to ISTH guidelines in two or more occasions at least
12 weeks apart)

* Double aPL positivity (any combination of lupus anticoagulant, aCL antibodies or anti-p2 glycoprotein
I antibodies)

* Triple aPL positivity (LA + aCL IgG/IgM + anti-p2GPI IgG/IgM

Low-risk aPLs profiles

* Isolated, positive aCL or anti-p2GPI IgG/IgM at low-medium titres, particularly if transiently positive

aPLs: antiphospholipid antibodies, LA: lupus anticoagulant, aCL: anti-cardiolipin antibodies, anti-p2GPI: anti-
B2glycoprotein I, IgG: immunoglobulin G, IgM: immunoglobulin M.

Table 2.
Definition of high-risk and low-visk antiphospholipid antibodies profile.
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Add HCQ and/ or
IVIG< 2g/kg/month

Figure 1.
Risk stratification and management of antiphospholipid pregnancies. aPL: antiphospholipid antibodies, LDA:
low dose aspirin; IVIG: intravenous immunoglobulin; PE: plasma-exchange; HCQ: hydroxychloroquine.

Abnormal uterine artery flow on Doppler ultrasound is an indirect indicator of the
development of placental insufficiency and/or pre-eclampsia [81]. Therefore, the
European Alliance of Associations for Rheumatology, (EULAR) guidelines recom-
mend the use of uterine artery Doppler ultrasonography for the management of
SLE/APS patients [82]. In addition, a drop in platelet count in the first trimester has
recently been found to be associated with the development of pre-eclampsia in APS
pregnancy compared to non-APS pregnancies. APS women who later developed
pre-eclampsia and/or placental insufficiency had a decrease in initial platelet count
of more the 20% (personal observation, not published).

6. Management of the obstetric antiphospholipid syndrome

The current standard of care (Table 3 and Figure 1) for the management of APS
pregnancies [83], although controversial and supported by only a limited number
of well-designed studies, is the prophylactic administration of heparin plus LDA for
individuals with pregnancy morbidity alone. Mothers with a history of thrombosis
alone or in association with pregnancy morbidity are usually treated with therapeu-
tic heparin in combination with LDA to prevent both thrombosis and pregnancy
morbidity. The data supporting these recommendations come almost exclusively
from clinical trials evaluating the prevention of recurrent early miscarriages rather
than late pregnancy complications. A total of 140 women with APS-related recur-
rent early miscarriages, were enrolled in two randomized control trials comparing
treatment with LDA alone or in combination with heparin [84, 85]. The combina-
tion of LDA with heparin showed a significantly higher live birth rate than LDA
alone. These data were however not confirmed in two subsequent studies [86, 87].
Nevertheless, a subsequent follow-up meta-analysis [88] and a recent Cochrane
review [89] concluded that combining heparin with LDA during pregnancy may
increase the live birth rate in women with APS compared with LDA alone. Since low
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Clinical/laboratory features

Treatment

High-risk aPLs profile but no history of thrombosis or
pregnancy complications, with or without SLE.

Close monitoring of mother and
fetus; LDA (75-100 mg daily) during
pregnancy should be considered.

Obstetric APS only (no prior thrombotic events), with or
without SLE:

a. History of >3 recurrent spontaneous miscarriages <10th
week of gestation or history of fetal loss (>10th week of
gestation),

LDA and heparin at prophylactic dosage.

b. History of delivery <34 weeks of gestation due to
eclampsia or severe pre-eclampsia or due to recognized
features of placental insufficiency,

LDA or LDA and heparin at prophylactic
dosage considering the individual’s risk
profile.

c. Clinical ‘non-criteria’ obstetric APS such as the presence
of two recurrent spontaneous miscarriages <10th week
of gestation, or delivery >34 weeks of gestation due to
severe pre-eclampsia or eclampsia.

LDA alone or in combination with
heparin might be considered based on
the individual’ risk profile.

Thrombotic APS.

LDA and therapeutic dose of heparin.

Patients with obstetric APS with recurrent pregnancy
complications despite combination treatment with LDA and
heparin at prophylactic dosage.

Increasing heparin dose to therapeutic
dose; consider addition of HCQ or low-
dose prednisolone in the first trimester

and IVIG in highly selected cases.

APS: antiphospholipid syndrome, aPLs: antiphospholipid antibodies, LDA: low dose aspirin, HCQ:
hydroxychloroquine, IVIG: intravenous immunoglobulin, SLE: systemic lupus erythematosus.

Table 3.
Current recommendation [83] for the management of pregnant women with antiphospholipid antibodies or
APS.

molecular weight heparin (LMWH) is easier to administer and have less adverse
events it is the drug of choice in most cases. Furthermore, the dose of LMWH
should be personalized. Case-control studies comparing a fixed dose of LMWH
with a weight-adjusted dose of LMWH have shown a higher live birth rate with the
latter [80, 90]. Several studies, recently summarized [91] suggest that women with
either clinical and/or laboratory non-criteria manifestations of obstetric APS may
benefit from standard obstetric APS treatment with LMWH plus LDA, with good
pregnancy outcomes.

6.1 Management of refractory/high-risk pregnancies

Even if current recommendations are carefully followed [83], 20-30% of
pregnancies fail [92], and these are the so-called refractory pregnancies and/or
high-risk pregnancies. High-risk pregnancies are pregnancies of APS patients with
one or more laboratory or clinical risk factors who may or may not have experienced
adverse pregnancy outcomes despite treatment with heparin/LDA [8]. Experts in
the field believe that women should receive additional treatments when the risk
of having pregnancy complications is elevated based on their antibody profile and
certain clinical characteristics [93] as this will improve these women’s live birth rate
and/or reduce their pregnancy complications. Various therapeutic options, such
as low-dose prednisolone, intravenous immunoglobulins, hydroxychloroquine,
plasmapheresis alone or in combination have been used in an attempt to achieve a
better pregnancy outcome [94-104]. Usually, these treatments were administered
in conjunction with conventional heparin/LDA therapy. An Experts’ Consensus
[8] following a systematic review of the literature recently suggested that hydroxy-
chloroquine and low-dose steroids, alone or in combination, may be an option for
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pregnant APS women whose previous pregnancies were not successful despite
receiving conventional therapy. Intravenous immunoglobulins (IVIG) and plasma
exchange (PE), alone or in combination, could be considered in refractory high-risk
APS pregnancies. Furthermore, a recent systematic literature review [9] analyzed
313 refractory/high-risk pregnancies from 14 studies comprising 134 (42.8%) preg-
nancies refractory to conventional treatment, and 179 (57.2%) high-risk/refractory
pregnancies. The findings from this review suggest introducing low-dose IVIG (<

2 g/kg/month) or HCQ 400 mg/day before pregnancy in women with APS refrac-
tory to conventional therapy, and high-dose IVIG (2 g/kg/month) in combination
with PE or alone in those with high risk/refractory APS with both approaches
leading to improved pregnancy outcome. It should be noted that, drug related side-
effects were observed in 3/313 (0.9%) of pregnancies, and none of which required
hospitalization.

Although statins appear to be a potential therapy in the treatment of APS refrac-
tory pregnancies, as suggested by murine studies [105] and a small case-control
study of the use of pravastatin for placental dysfunction/pre-eclampsia in patients
with APS [106], they have not yet been routinely used to date. Pravastatin was
administered to 11 women with obstetric APS and preeclampsia/IUGR at the time
of diagnosis of the complication (range 22-30 weeks) in addition to standard of
care; they were compared with 10 control patients with preeclampsia/IUGR who
did not receive pravastatin. The pravastatin group achieved a 100% rate of live
births (34-36 week of gestation) and rapid improvement in uterine artery hemo-
dynamics was observed, while the control group had a 50% rate of live births, all of
which were delivered preterm (26-32 week of gestation). An ongoing multicenter
study, the StAmP trial, is testing pravastatin for the prophylaxis of preeclampsia
(double-blind, randomized and placebo-controlled) in the general population
[107]. However, several concerns remain about their use, as they are classified as
FDA category X. However, no congenital abnormalities have been reported in the
pilot studies to date.

7. Future perspectives

Much has been done over the past three decades to understand the pathogenesis
of aPL-mediated obstetric injury and to diagnose and treat obstetric APS. However,
much remains to be done to provide the best diagnostic and therapeutic approach to
our patients.

Future research should be conducted to evaluate the intracellular signaling path-
ways that are affected by aPLs and lead to trophoblastic dysfunction. Identification
of these mechanisms could lead to identification of potential therapeutic targets in
the future.

The redefinition of the classification criteria is currently under evaluation and
should provide a valuable tool for future clinical trials of APS. It is important to
include in these studies the concept of risk stratification according to aPLs profile
and clinical features. The possible inclusion of new autoantibodies such as anti-
domain I and aPS/PT in the new classification criteria could be helpful in improving
the diagnosis of obstetric APS, especially in cases where conventional antibodies are
not detectable.

Clinical trials of new therapeutic approaches for refractory obstetric APS
syndrome are currently underway. Two randomized clinical trials (NCT04275778
and NCT04624269) and two prospective studies [108, 109] are evaluating the
effect of HCQ in addition to standard treatment to prevent pregnancy morbidity in
APS patients. According to a recent prospective case series, the use of TNF-alpha

58



Obstetric Antiphospholipid Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.101804

inhibitors in addition to standard treatment seems to be a promising treatment

for refractory obstetric APS [10]. If these findings are confirmed by the ongoing
IMPACT Study: IMProve Pregnancy in APS with certolizumab (NCT03152058), the
TNF-alfa inhibitors may constitute a valid second-line treatment for refractory and/
or high-risk APS pregnancies in the near future.

8. Conclusions

Nowadays, we have gained new insights into the pathogenesis and management of
obstetric APS. Contrary to what was first thought, aPLs determine pregnancy mor-
bidity with both inflammatory and non-inflammatory mechanisms. These findings
have led to a better understanding of the different features of obstetric APS. While,
inadequate invasion of maternal spiral arteries by the extravillous cytotrophoblast
leads to early miscarriage, a lack of transformation of these arteries along with activa-
tion of the complement and the coagulation cascade is responsible for late pregnancy
loss and preeclampsia. APS pregnancies should be classified into low, medium and
high-risk classes based on clinical and laboratory features. Depending on the risk
class, the most appropriate therapy must then be selected. Although studies have
shown that intervention at the first signs of placental insufficiency can improve the
pregnancy outcome, it is advisable to initiate the most appropriate therapy based on
the risk class immediately at the beginning of pregnancy. It should be remembered
that invasion of the trophoblast into the maternal spiral arteries occurs in the very
early stages of placentation and adequate anchorage of the placenta is essential for the
development of the pregnancy. Therefore, we need to start most appropriate therapy
as soon as possible to facilitate a favorable pregnancy outcome.
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Chapter 4

Bleeding in Patients with
Antiphospholipid Antibodies

Peter Kubisz, Pavol Holly and Jan Stasko

Abstract

The antiphospholipid antibodies (aPL) are commonly associated with thrombotic
events and obstetric complications. However, apart from the bleeding complications
of antithrombotic therapy, the acquired coagulopathy caused by the aPL, particu-
larly by lupus anticoagulant and anticardiolipin antibodies, might be occasionally
manifested as a hemorrhagic syndrome with various clinical severity. Bleeding
symptoms vary from mild (mucocutaneous) up to life-threatening (gastrointestinal,
intracranial). The bleeding may be the first manifestation of aPL or appear concomi-
tantly with thrombosis. The underlying hemostatic changes include thrombocyto-
penia, platelet function disorders, and coagulation factor inhibitors or deficiencies,
namely prothrombin, FVII, FVIII, FX, and FXI. Thrombocytopenia is the most
common finding, seen in up to 53% of patients with aPL, although it is usually mild
to moderate and associated with significant bleeding only in a minority of cases.

Of interest, patients with severe thrombocytopenia appear to be less likely to suffer
from thrombotic events. The involved pathophysiological mechanisms are heteroge-
neous. Non-neutralizing antibodies against coagulation factors resulting in increased
clearance, specific antibodies against platelet membrane glycoproteins, increasing
platelet activation and aggregation with subsequent consumption, and immune-
mediated platelet clearance are among those identified. Immunosuppression,
preferably with corticosteroids, represents the first-choice therapeutic approach.
Plasmapheresis is efficient in the case of catastrophic antiphospholipid syndrome.
Antithrombotic therapy can be challenging, but its administration should continue
as much as possible.

Keywords: hemorrhage, antiphospholipid antibodies, thrombocytopenia,
acquired prothrombin deficiency, acquired coagulation factor deficiencies,
coagulation factor inhibitors

1. Introduction

The antiphospholipid syndrome (APS) is an acquired autoimmune disorder,
defined by the combination of generally accepted laboratory and clinical criteria
[1]. The latest laboratory criteria include repeated (at least 12 weeks apart) posi-
tive testing for at least 1 of 3 selected antiphospholipid antibodies (aPL): lupus
anticoagulant (LA), anticardiolipin (aCL), anti-beta2-glycoprotein I (anti-B2GPI)
antibodies. Clinical criteria emphasize the arterial and venous thromboembolic
and pregnancy-related (recurrent miscarriages in the first trimester, fetal death
in the second or third trimesters, severe pre-eclampsia requiring delivery of a
premature infant before 34 weeks of gestation) events. However, other laboratory
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and clinical complications with clear association to aPL, referred to as non-criteria
manifestations, have been described. Based on the affected organ system, the
clinical non-criteria manifestations divide into several subgroups: cardiovascular,
neurologic, skin, renal, hematologic, and other [2, 3]. Hematologic complications
include thrombocytopenia, hemolytic anemia, and functional changes or deficien-
cies of coagulation factors with both thrombotic (acquired resistance to activated
protein C, protein S deficiency) or bleeding tendencies. As mentioned above,

the association of aPL with thromboembolic events is extensively and well docu-
mented. However, the acquired coagulopathy caused by the aPL is complex and

thrombocytopenia*
(< 50000/pL)
= pathological platelet consumption
= immune-mediated clearance

acquired coagulation
factor deficiencies
(immune-mediated)

= hypoprothrombinemia*

= other (VWF, FVII, FVIII, FX, FXI)

HEMORRHAGE

(thrombo-hemorrhagic syndrome)

microvascular therapeutic

system damage interventions
(thrombotic microangiopathy = antithrombotics (warfarin,
with secondary hemorrhage) combined therapy)
= diffuse alveolar hemorrhage = other (invasive procedures,
= adrenal hemorrhage thrombolytics)
= CAPS

=DIC

Figure 1.

Pathomechanisms involved in hemorrhage in aPL patients. CAPS, catastrophic antiphospholipid syndrome;
DIC, disseminated intravascular coagulation; F, factor; vWEF, von Willebrand factor; * most common
pathomechanisms.
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might occasionally manifest as a hemorrhagic event with various clinical severity or
combined thrombo-hemorrhagic syndrome. The latter is common in catastrophic
APS (CAPS), arare but often fatal variant with excessive activation of hemostasis,
consumption of its components, and micro-thrombotic damage in multiple organs.

aPL can interact with different blood and vascular components and cause hem-
orrhage through several mechanisms (Figure 1) [1]. Firstly, aPL-positive patients
frequently develop thrombocytopenia. Secondly, acquired immune-mediated
coagulation factor deficiencies, such as hypoprothrombinemia, can appear after the
interaction between aPL and coagulation factors.

Thirdly, the microvascular system damage with an extensive thrombotic or
inflammatory insult via the monocyte, endothelial, and complement activation can
result in secondary bleeding to the affected tissue. Thrombotic microangiopathies
(TMAs) such as CAPS, as well as diffuse alveolar hemorrhage (DAH) and adrenal
hemorrhage (AH), the pathognomic complications of APS, are representative exam-
ples of this pathomechanism. Since the antithrombotic therapy remains a mainstay
of management of aPL, the extensive use of antithrombotics, typical for patients
afflicted with their presence, can contribute to bleeding events and represents the
fourth cause. Severe thrombocytopenia (platelet count lower than 50000/pL)
and prothrombin deficiency are the most prominent causes of bleeding [4]. The
discussion of the given pathomechanisms follows.

2. Thrombocytopenia in patients with aPL

Though not included in the current diagnostic criteria for APS (Sydney 2012
criteria), thrombocytopenia represents a complication directly linked to aPL [1].
Thrombocytopenia is a frequent finding in aPL-positive patients; it is their most
common non-criteria hematologic manifestation. The Euro-Phospholipid project,
a large prospective multicenter international study evaluating 1000 European
patients with both primary and secondary APS, found thrombocytopenia in 296
(29.6%) of its participants [5]. Other studies focused on the whole population of
aPL-positive patients reported comparable incidence, ranging from 20 to 53%
[6-10]. Of interest, particular subgroups seem to be more prone to develop throm-
bocytopenia. Patients with secondary APS associated with systemic lupus erythe-
matosus (SLE) have thrombocytopenia approximately 2-times more often than
those with primary APS (reported incidence 40 vs. 21% in the Euro-Phospholipid
project) [5]. A low platelet count is more frequent in patients with CAPS [10, 11].

Thrombocytopenia tends to be mild to moderate with the nadir above 50000/pL
in most cases. Only a small portion of patients (approximately 10%) develop severe
thrombocytopenia, and its occurrence is often associated with other complications,
such as TMAs (disseminated intravascular coagulation (DIC), CAPS) [8]. Rapid
(within days) progression of thrombocytopenia or its new occurrence in patients
with previously normal platelet count can be the first indication of CAPS [11, 12].

Despite being common, thrombocytopenia alone is not usually responsible
for clinically relevant bleeding. For example, in the Italian Registry of aPL, only
four patients out of 90 with thrombocytopenia experienced major hemorrhagic
events [8]. On the other hand, nor it protects, especially if mild to moderate, from
thromboembolism. Notwithstanding, if severe and without CAPS, it can account
for a minor protective effect. In the Italian Registry with 360 patients included,
severe thrombocytopenia was associated with a significantly lower rate of throm-
botic events in comparison to the group with normal platelet count; however, the
group with mild thrombocytopenia did not show a significant difference (9 vs.

40 vs. 32%) [8]. A recent study analyzing altogether 305 patients with primary
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APS, 51 with thrombocytopenia included, observed a higher rate of thrombotic
relapses (29% vs. 19%) during a long (median 11 years) follow-up in the group with
thrombocytopenia, though the difference did not reach statistical significance [13].
Despite comparable antithrombotic therapy, no difference in major hemorrhage
(4% vs. 3%) was observed between the thrombocytopenic and non-thrombocy-
topenic group, albeit the significantly higher rate of overall bleeding (17% vs. 8%)
was in the thrombocytopenic group. The authors conclude that thrombocytopenia
may have a prognostic value in primary APS and help identify high-risk patients for
APS-related complications [13].

The evidence concerning the association between thrombocytopenia and
other clinical features of APS such as hemolytic anemia, livedo reticularis, skin
ulcerations, chorea, and cardiac valve dysfunction is conflicting. Some studies, but
not all, observed more frequent occurrence of those symptoms in patients with
thrombocytopenia.

The pathogenesis of aPL-related thrombocytopenia is likely heterogeneous.
aPL can directly or indirectly via B2GPI interact with several platelet membrane
glycoproteins (GP) and phospholipids and thus initiate two processes: 1) pathologi-
cally enhanced platelet activation and aggregation after their initial activation or
damage with subsequent platelet thrombus formation and platelet consumption;

2) immune-mediated pathological platelet clearance. The interaction with platelets
involves the binding of anti-B2GPI via B2GPI to the activated platelet surface or
direct interaction of aPL with specific platelet membrane glycoproteins (GPIb/IX,
GPIIb/IIIa, GPIV) [14]. Particular subtypes of aPL and their quantity likely play a
prominent role in the pathogenesis of thrombocytopenia. Anti-B2GPI antibodies
of IgG class, LA, a higher titer of aCL of IgG class, and triple aPL positivity were

a more common finding in patients with thrombocytopenia [13, 15, 16]. LA and

a high titer of aCL were frequent among patients with severe thrombocytopenia.
Since LA is associated with the highest prothrombotic risk among aPL, its higher
prevalence in these patients could mitigate the bleeding tendencies and contribute
to a relatively low rate of major bleedings.

Other pathomechanisms may occasionally contribute to thrombocytopenia in
aPL-positive patients. The association, albeit anecdotal, between aPL and the hemo-
phagocytic syndrome (a hyperinflammatory disorder with pathological phagocy-
tosis of blood cells and their precursors in the bone marrow and other tissues) and
bone marrow necrosis was described [17, 18]. These disorders decrease platelets via
impairing megakaryopoiesis. Splenomegaly after splenic or portal vein thrombosis
leads to increased platelet pooling and redistribution from circulation [7].

It should be emphasized that the etiology of thrombocytopenia in aPL-positive
patients can be multifactorial and not exclusively linked to these antibodies.

Other diseases can contribute to and further deepen the decrease in platelet count.
Coincidence with immune thrombocytopenia (ITP), drug-induced thrombocy-
topenia with heparin-induced thrombocytopenia included, thrombocytopenia
related to infections, TMAs, and pregnancy-related thrombocytopenia have been
described [18, 19].

The relationship with ITP seems to be particularly interesting and complex.
Patients with ITP are frequently positively tested for aPL, with a reported incidence
ranging from 25 to 75% [20]. A recent retrospective study of 159 adult patients
with primary and secondary severe ITP (platelet count below 50000/pL) identified
aPL in 37 (23.2%), with 14 being triple positive. Triple positivity was associated
with a lower platelet count [21]. Clinical implications of the relation between ITP
and aPL are still discussed and not clear. The available data regarding the risk of
thrombosis and treatment are inconclusive. However, a recent study with altogether
196 patients with primary ITP, 49 aPL-positive included, did observe a significantly
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higher risk of thrombotic events. Other monitored characteristics (hemorrhage,
response to therapy, clinical course, changes in platelet counts) were comparable
[19]. Analogically to the observation in APS, it seems that the risk of thrombosis in
patients with concomitant ITP and aPL positivity, particularly in those undergoing
therapy with corticosteroids and other immunosuppressive agents, is more promi-
nent than the risk of bleeding.

The diagnostic approach has to consider the possibility of aPL as a sole cause of
thrombocytopenia as well as the coincidence of other disorders with aPL, especially
TMA:s. Since patients with aPL/APS are often anticoagulated and treated with
immunosuppressives, heparin-induced thrombocytopenia and infectious causes
should be addressed in the diagnostic process.

Since thrombocytopenia in aPL-positive patients is predominantly mild and
without significant bleeding, outside of CAPS, most patients do not require specific
treatment. As a general rule, the goal is to maintain the platelet count above 30000/
pL — a critical threshold for the development of severe spontaneous bleeding.

When immune etiology is behind thrombocytopenia, strategies effective in ITP

are preferably used [22, 23]. Corticosteroids, initially in high-dose with gradual
tapering, alone or combined with intravenous immunoglobulins (IVIg), represent
the first-line treatment. In contrast to ITP, the use of IVIg as a first-line treatment

is controversial in aPL-positive patients since their administration is potentially
associated with an increased risk of thrombotic events [24]. Other immunosuppres-
sive or immunomodulatory agents or procedures (danazol, chloroquine, dapsone,
rituximab, plasmapheresis) or splenectomy can be chosen as alternatives for those
with inadequate response. Rituximab seems to be a particularly perspective agent.
Though only limited clinical data from a small number of patients are available

so far, the response and persisting stable platelet count after rituximab have been
observed in a reasonably high number (50-83%) of treated patients [25, 26]. It is
important to emphasize that most of the included patients had refractory throm-
bocytopenia without a satisfactory response to previous treatment modalities.
Rituximab was tolerated well with no significant increase in thrombotic risk. Its risk
profile in the aPL setting appears to be comparable to ITP [25].

The use of thrombopoietin mimetics (TPOMs) remains controversial due to
the conflicting clinical data. There is a general agreement on their effectiveness
in increasing platelet count, but safety remains an open issue. Several authors did
not observe any increase in the thrombotic events during the administration of
TPOMs [27, 28]. Others, including those who analyzed larger patient groups, report
a prothrombotic risk associated with this therapy in the a-PL positive subgroup
[29-31]. Gonzales et al. found in their retrospective study of 46 patients with
thrombocytopenia and various systemic autoimmune disorders, all treated with
eltrombopag, that 3 (6.5%) participants suffered from thrombotic events while on
treatment. Crucially, 6 out of 46 participants had concurrent APS, and 2 of them
(33% of all patients with aPL) were among those with thrombosis [30]. Guitton
et al. retrospectively studied 18 patients with thrombocytopenia and SLE treated
with romiplostim or eltrombopag; 10 had been diagnosed with concurrent aPL/
APS. 5 patients developed thrombosis; 3 of them (30% of all patients with aPL) had
APS [31]. These observations suggest a higher thrombotic risk in the aPL-positive
group. Though well established in therapy of ITP, the use of TPOMs in aPL-positive
patients requires caution and individual evaluation of thrombotic risk. Minimized
dosing of TPOMs, aimed to maintain platelet count around 50000/pL, was sug-
gested to decrease thrombotic risk since the thrombotic events are more frequent at
platelet count greater than 100000/pL [22].

Except for severe thrombocytopenia, a decrease in platelet count does not fully
protect patients with aPL/APS from thromboembolic events, and antithrombotic
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prevention or therapy should be continuing as long as possible. However, bleeding
risk has to be considered, and an individualized approach is mandatory. In general,
full anticoagulation can be given in the setting of platelet count over 50000/pL,
and its stopping should be considered seriously in platelet count below 25000/

pL. The patients with platelets between these values should be treated individually
with anticoagulants in reduced doses. Half-dose low molecular weight heparins
(LMWHs) represent the usual first-choice treatment [22].

3. Factor deficiencies associated with aPL
3.1 Hypoprothrombinemia

Acquired deficiency of prothrombin, referred to as lupus anticoagulant hypo-
prothrombinemia syndrome, is the most known and well defined of all coagulation
factor deficiencies associated with aPL. Its precise incidence is unclear, but with the
order of magnitude of hundreds of reported cases, it appears to be a rare complica-
tion [32, 33]. It typically occurs in the child or adolescent female patients with aPL
after viral infections or with systemic immune disorders, most commonly SLE [34].
Adults can be affected as well, albeit less frequently [35]. The preexisting systemic
immune disease is not obligatory since cases without were identified; other precipi-
tating conditions include tumors such as lymphomas, particularly with the produc-
tion of pathological immunoglobulins and drug reactions.

Bleeding severity varies from mild mucocutaneous (epistaxis, ecchymosis),
which is the most common, to severe and life-threatening, including localizations
such as muscles, genitourinary tract, gastrointestinal tract (GIT), and central
nervous system (CNS) [32-38]. A substantial number of patients (up to 50%) have
no significant bleeding events and can be even asymptomatic [36]. Concomitant
presence of thrombotic events, hemorrhagic-thrombotic syndrome, and CAPS were
occasionally described [39-41]. The condition is usually self-limiting when associ-
ated with viral infections, whereas it can have a lasting duration or relapses in the
presence of autoimmune diseases [36]. Despite the possibility of severe bleeding
events, the overall prognosis is good in general, with a reported mortality rate of
less than 5%.

Laboratory findings include the prolongation of both prothrombin (PT) and
activated partial thromboplastin time (aPTT), variably decreased prothrombin
activity (about 10-20% on average, although it may be extremely low or unmeasur-
able) with a proportional decrease of prothrombin antigen. As mentioned above,

a deficiency of other coagulation factors might be present. Therefore, their activ-
ity should be checked [32]. Positive testing for LA complements the picture. The
finding of PT prolongation in an aPL-positive patient should prompt the testing for
prothrombin deficiency even if no bleeding is apparent at the time.

The traditional view based on the initial analyses in the 1980s defined the
involved antibodies as non-neutralizing, unable to directly inhibit the prothrombin
coagulation activity [42]. Cross-reactivity between the aPL and phospholipid epit-
opes in the prothrombin molecules is a likely explanation. The aPL form prothrom-
bin antigen—antibody complexes, and their subsequent elimination results in the
proportional decrease of both prothrombin activity and antigen. If the clearance is
extensive enough to lead to a relevant prothrombin decrease with its activity below
20%, bleeding manifestations may occur. However, some researchers provided con-
flicting evidence with hints on more complex changes of hemostasis. In the recent
analysis of a relatively large cohort of 41 patients, Japanese authors did not observe
an exact correlation between prothrombin levels, anti-FII antibody quantity, and
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bleeding phenotype. They also identify different autoantibodies directed against
FVIII besides the anti-prothrombin ones in several patients with the disorder [43].
They confirmed combined coagulation factor deficiencies in a small number of the
studied cases as well. Based on this observation and a known heterogeneity of the
clinical presentation, it is reasonable to conclude that hypoprothrombinemia is not
an isolated change in aPL-positive patients, and a complex evaluation of hemostasis
is always required.

The therapeutic approach aims at (1) stopping the active bleeding; (2) eradicating
antibodies responsible for prothrombin deficiency; (3) preventing further throm-
boembolic events [35, 37]. The withdrawal of antithrombotic agents, supplementa-
tion of blood components (transfusion of packed red blood cells and fresh frozen
plasma), activation of coagulation factor production (vitamin K administration),
hemostatic agents (styptics, antifibrinolytics) represent the strategies for bleeding
cessation [35]. However, all these approaches can in aPL-positive patients, especially
in prolonged use, lead to the increased thrombotic risk. Immunosuppression, with
corticosteroids as the first-line choice or other agents (azathioprine, rituximab,
cyclophosphamide) and procedures (plasma exchange) as alternatives, leads
to antibody eradication. Monotherapy with corticosteroids is efficient in most
cases. Measurement of prothrombin levels, whether by clotting, chromogenic or
immunologic methods, can be used for the treatment monitoring. Since the risk of
thrombosis usually remains significantly increased even in the presence of bleeding
and bleeding itself does not protect from thromboembolism, the therapies aimed at
bleeding cessation has to be counterweighted by antithrombotic therapy. Both bleed-
ing and thromboembolic risks have to be evaluated carefully in all cases.

3.2 von Willebrand factor deficiency (von Willebrand syndrome)

Few case reports of concurrent acquired von Willebrand syndrome (AWS),
an acquired vWF deficiency, with the presence of aPL were described [44-48].
Interestingly, other disorders with well-defined relation to AWS (myeloproliferative
neoplasm, aortic valve stenosis, connective tissue diseases such as SLE) were identi-
fied in most cases. Therefore, aPL are not regarded as a usual cause of AWS, but
rather as a coincidental finding in underlying immune disorders. Some researchers
speculated that aPL might modify and counterbalance the bleeding phenotype typi-
cal for AWS [44, 48]. Thrombotic event after normalization of vWF was reported
[44]. Immunosuppression, the standard treatment of AWS, combined with anti-
thrombotic prevention, was given in reported cases with good clinical outcomes.

3.3 Deficiencies of other coagulation factors

Acquired deficiencies of other clotting factors, namely FVII, FVIII, FX, and
FXI, were reported [49-52]. In summary, these deficiencies are extremely rare, and
clinical data are limited to case reports or series. Bleeding manifestations are vari-
able, with varying severity. The therapeutic strategies are similar to the approach
used in AWS.
4. Bleeding in thrombotic microangiopathies associated with aPL

4.1 Diffuse alveolar hemorrhage

DAH is a severe and life-threatening pulmonary complication of aPL.
Inflammatory damage to the pulmonary microcirculation, namely to alveolar
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arterioles, capillaries, and venules, with subsequent necrotic changes and second-
ary hemorrhage, define the disorder [53]. A microscopic pathoanatomical picture
typically reveals capillaritis with interstitial neutrophilic infiltrate, thrombi in
small muscular pulmonary arteries, myointimal thickening, and the remodeling of
the muscular pulmonary arteries and arterioles [53, 54]. The condition is rare and
appears in less than 1% of all aPL-positive patients, though it is considerably more
frequent and clinically relevant in those with CAPS, affecting 5-10% [54-57]. Both
genders are affected, but males constitute approximately 2/3 of cases with primary
APS, whereas women dominate the group with APS secondary to SLE [54]. The
patients with DAH are more likely to have a higher titer of aPL and suffer from
other comorbidities associated with aPL than those without DAH. Cardiac valve
disease, pulmonary hypertension, livedo reticularis, skin ulcers, CNS involvement
(stroke or seizure), and pregnancy complications are among the reported concomi-
tant disorders [54, 57].

Several pathomechanisms are likely to participate in the damage of the alveolar
structures in DAH in aPL-positive patients. aPL-mediated activation of endothelial
cells, resulting in the increased expression of tissue factor, platelet, and comple-
ment activation with C5a-mediated neutrophil recruitment and the subsequent
lung tissue injury is likely behind thrombi formation in the pulmonary microcircu-
lation. aPL-induced systemic inflammatory response syndrome with the excessive
cytokine activation (e. g. tumor necrosis factor-a, interleukin-1, interleukin-6,
interleukin-18, macrophage migration inhibitory factor) as well as L-ficolin-
induced lung injury and interstitial neutrophilic infiltration lead to the loss of the
integrity of the alveolar-capillary basement membrane. Disruption of alveolar
structure and its veins through the combination of inflammation and thrombosis
result in the extravasation of red blood cells into the alveoli [58].

The usual clinical presentation of DAH includes fever, chest pain, cough with
hemoptysis, and dyspnea with the signs of hypoxemic respiratory failure [4].
However, not all symptoms, including hemoptysis, need to be present in every
case. The symptoms are not specific and appear in other pulmonary diseases such
as pulmonary embolism, pneumonia, and pulmonary edema. The complex dif-
ferential diagnostics is of utmost importance. Laboratory and complementary
tests are critical for the distinction of DAH. Anemia, aPL positivity, high diffusing
capacity for carbon monoxide in pulmonary function tests, patchy or perihilar
opacities on the chest X-ray and signs of hemorrhage, ground-glass infiltrates, and
reticular interstitial opacities on pulmonary CT scans belong to the typical find-
ings. Bronchoscopy with bronchoalveolar lavage and biopsy can document alveolar
hemorrhage, exclude infections, and provide biological material for cytologic and
histologic evaluation. Lung biopsy remains the gold standard for the definitive
diagnosis, albeit the patient’s condition and benefit-risk ratio should be evaluated
before the procedure. As mentioned above, DAH is quite frequently associated with
CAPS. Treating physicians should actively search for its signs in all cases.

Immune suppression remains the mainstay of the therapy. High-dose cortico-
steroids are the preferred initial treatment. The use of other immunosuppressives
remains without a clear consensus due to the rarity of the condition and limited
clinical data. However, available clinical data support the combined immune sup-
pression (corticosteroids plus another immunosuppressive agent) over monotherapy
with corticosteroids. The combined therapy seems to improve the clinical outcome
and rate of long-term remission. Cyclophosphamide and rituximab have been show-
ing encouraging results, whereas mycophenolate mofetil and azathioprine seem to
be less effective [4]. Other therapeutic modalities that could be beneficial, especially
in the presence of underlying CAPS, include plasma exchange and IVIg.
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4.2 Adrenal hemorrhage

AH is a potentially devastating complication of aPL due to the resulting adre-
nal insufficiency. AH represents an infrequent cause of adrenal insufficiency,
and besides aPL, it can be caused by other disorders, namely adrenal tumors and
anatomical malformations, infections, and bleeding disorders (thrombocytopenia,
heparin exposure) [59]. AH is a rare complication of aPL with its prevalence not
precisely established. However, a significant proportion - one third - of affected
patients have CAPS. The incidence in this subgroup is thus relatively high, between
10 to 16% [56]. A provoking moment usually initiates aPL-induced AH. Trauma,
invasive procedures, infections, and warfarin withdrawal have been identified as
such moments [60].

The main pathomechanism in aPL-induced AH, supported by the autopsy
evidence, is multiple thromboses in the adrenal plexus leading to the secondary
hemorrhage and destruction of the adrenal cortex. Due to its unique vascular
anatomy (complex arterial system with three supplying arteries, rich vascular
plexus in the zona reticularis, single drainage vein), the adrenal gland is prone to
develop intraparenchymal hemorrhage in a case of venous obstruction. Vasculitis
has not been found in aPL-induced AH [61].

AH usually manifests with back pain. Symptoms related to acute adrenal insuffi-
ciency (hypotension, malaise, fever, altered mental status, gastrointestinal symp-
toms including nausea, vomiting, and diarrhea) complement the clinical picture.
Apart from the chronic adrenal insufficiency, skin hyperpigmentation is not present
in the aPL-induced AH [59].

Laboratory tests and radiological imagining studies are critical for the confirma-
tion of AH. Decreased cortisol levels and the lack of increase in cortisol levels after
an adrenocorticotropic hormone stimulation test represent a typical laboratory
finding. Abdominal contrast CT is the standard imagining method. However, CT
has its limits, and if performed in the early phases of the bleeding, it may be falsely
negative. A repeated CT scan is a must in the case of high clinical suspicion despite
an initial negative result. Abdominal magnetic resonance is an alternative imagin-
ing method with the best imaging of the adrenal glands [62]. If the laboratory and
imaging studies are inconclusive, adrenal biopsy remains the definitive diagnostic
procedure. However, it is a high-risk procedure in terms of bleeding, and the
risk-benefit ratio has to be evaluated individually. As a general rule, adrenal biopsy
should be avoided in aPL-positive patients.

Clinical management has two goals: 1) to provide substitution of adrenal
hormones, especially glucocorticoids; 2) to prevent further complications of
aPL, namely thromboembolism. Since CAPS is a frequent finding in aPL-positive
patients with AH, antithrombotics should be administered as long as possible
despite hemorrhage. If their withdrawal is necessary, usually due to the extensive
bleeding, the restart should be as soon as possible. The clinical experience stresses
the critical importance of antithrombotic therapy. The study with aPL-positive
patients and AH observed concurrent thrombotic events during the acute phase
in 7 (43%) out of 16 participants. Five of 7 patients with confirmed thrombosis
were diagnosed with CAPS [60]. Apart from the glucocorticoid substitution due
to adrenal insufficiency, immunosuppressives are not a standard part of treatment
since the available evidence does not confirm an effect on the clinical outcome [61].
However, their addition, alone or in combination with IVIg and plasma exchange,
can be beneficial in the presence of CAPS.

The long-term prognosis of AH is relatively favorable after the acute phase,
especially if antithrombotics are uninterrupted. In a review of 62 patients with AH
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followed for a mean of 25 (2-60) months, 90% (32 out of 35) of anticoagulated
patients survived. Interestingly, overall mortality in the study reached 36% (25 out
of 69 participants) [61]. Adrenal dysfunction is irreversible in most cases, although
occasional recovery remains possible.

4.3 Catastrophic antiphospholipid syndrome

CAPS represents the most severe and potentially fatal variant of APS. Itis
characterized by excessive activation of hemostasis, rapid, multiple, and progres-
sive thrombotic events, typically affecting small vessels, resulting in acute multiple
organ dysfunction (usually kidneys, lungs, CNS, heart, skin) and TMAs [63].
Fortunately, CAPS is a relatively infrequent complication, affecting approximately
1% of patients with APS [2]. CAPS is the first manifestation of previously unrec-
ognized or newly formed aPL in up to 50% of patients [10]. However, it can be the
complication of preexisting and known aPL or APS as well. Its onset is usually - in
about 2/3 of cases - related to precipitating factors such as infections, malignancies,
trauma, invasive procedures, activation of underlying autoimmune disease, preg-
nancy complications, certain medications (oral contraceptives), and withdrawal
or inadequate antithrombotic therapy. Pathological complement activation plays a
critical role in its development [64].

Thromboembolic events and their complications dominate the clinical picture.
Bleeding is typically secondary to the initial thromboembolism, although rarely can
be among the initial clinical manifestations [65, 66]. The etiology of hemorrhage
in CAPS is complex. It involves thrombocytopenia secondary to excessive platelet
activation and consumption, consumption of coagulation factors, endothelial
damage and dysfunction, thrombocytopenic thrombotic purpura (TTP)-like
hemostatic changes, and development of DIC [67, 68]. Thrombocytopenia is a
dominant change in CAPS, affecting up to 40% of patients with the complication.
Thrombocytopenia, mainly if it manifests as the acute drop in platelet count in
patients with aPL/APS and previously normal platelets, can be the first sign of
impeding CAPS and precede the full clinical picture of CAPS for several days [11].
TTP-like changes frequently accompany thrombocytopenia [68]. Clinical presenta-
tion of hemorrhage is variable, with every organ system being a possible target.
Life-threatening hemorrhage, including bleeding in the CNS and GIT, can occur
[65, 66]. As mentioned before, DAH and AH are relatively frequent complications
of CAPS.

The therapeutic approach is aggressive with several goals: 1) to suppress the
immune system and production of aPL; 2) to prevent and treat thromboembolic
events; 3) treat the underlying or provoking disorder. The combined immunosup-
pressive and immunomodulatory therapy (corticosteroids, IVIg, plasma exchange)
together with full anticoagulation (preferably with heparin or LMWHs in the acute
phase with the transition to warfarin) represents the initial therapeutic step [63].
Cyclophosphamide is the preferred immunosuppression in patients with underlying
SLE. Rituximab and eculizumab are novel therapeutic possibilities that seem to be
efficient in patients with predominant hematologic or microthromboangiopathic
manifestations or resistant to first-line treatment [63, 69, 70]. Despite aggressive
treatment and novel agents, the prognosis remains unfavorable in a significant
number of cases, with a mortality rate reaching up to 40% [2]. The individual
assessment of thrombotic and bleeding risk is an indispensable part of therapeutic
management. The continuation of antithrombotic therapy is preferred over its
tapering or withdrawal. Its continuation has to be considered even in the presence
of hemorrhage.
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5. Bleeding associated with antithrombotic agents

Bleeding events, particularly those involving the CNS and GIT, are regarded
as potentially serious, but the expected adverse events of antithrombotic therapy.
The incidence of major bleeding ranges from 3 to 6 per 100 person-years depend-
ing on the anticoagulant. It is high for patients on warfarin in particular [71]. The
incidence of bleeding on antiplatelet therapy is generally lower, 3 to 4 per 1000
person-years [72]. The risk increases with the intensity of treatment or concomitant
use of several agents. The combination of the anticoagulant with antiplatelet agent
increases the risk of bleeding approximately 1.5 to 2-fold in comparison to antico-
agulant therapy alone [73].

Since the presence of aPL represents a high-risk thrombophilia, antithrombot-
ics — anticoagulants, antiplatelet agents, or their combination - are administered
for a prolonged period, frequently life-long in most aPL-positive patients. The
continuous administration of antithrombotic agents is used even in asymptomatic
individuals with estimated high prothrombotic risk. Warfarin remains the preferred
agent for anticoagulation, with the intent to achieve a higher INR range of 3.0-4.0
in specific clinical situations (recurrent thrombotic events, arterial events) [74].

Based on the current clinical practice and preferred intensity of therapy, aPL-
positive patients receiving antithrombotics may seem to have an increased risk of
treatment-related bleeding. However, available data show that hemorrhage does
not represent the main clinical issue. The mortality rate due to thrombosis and its
recurrence remains several times higher than the mortality rate related to bleeding.
For example, a review of clinical studies documented 18 deaths related to recurrent
thrombosis and only one due to hemorrhage [75]. The analysis of a prospective
10-year follow-up of 1000 patients with APS, performed as a part of the Euro-
Phospholipid project, identified 34 deaths attributed to thromboembolism and only
10 to bleeding [76]. Reviews of clinical studies focused on anticoagulant therapy in
APS suggest that, if INR on warfarin is within the standard therapeutic range, the
major bleeding does not appear to be significantly more frequent in comparison to
other patient groups on warfarin and is about 1.5-2.0% per year [77]. If higher INR
levels (3.0-4.0) are needed, the risk of bleeding, but predominantly mild, increases
significantly, approximately 2 to 2.5 times [77, 78]. As for antiplatelet agents, the
rate of bleeding during their prophylactic or therapeutic use appears to be low,
and major bleeding is rare [78, 79]. The risk of bleeding increases after invasive
procedures, likely due to the use of bridging therapy, the early reintroduction of
antithrombotics, and aggressive antithrombotic policies [80, 81]. Then again,
thrombotic risk after surgery increases considerably as well despite preventive
measures.

Independent predictors of major bleeding include overdose with warfarin (e.

g. INR above 4.0), combined antithrombotic therapy, polypharmacy, age over

75 years, history of major bleeding (mostly gastrointestinal), malignancy, uncon-
trolled arterial hypertension, leukoaraiosis, and patient non-compliance [76-78].
It is critical to evaluate individual bleeding and prothrombotic risk and purposely
identify potential risk factors. Caution is especially required when high-intensity
anticoagulation or a combination of antithrombotics are indicated.

6. Conclusion
Bleeding is a rare but potentially severe complication of aPL and APS. Its

etiology is heterogeneous; aPL-positive patients can develop bleeding due to
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thrombocytopenia, acquired coagulation factor deficiencies (predominantly hypo-
prothrombinemia), TMAs, or the adverse events of antithrombotic therapy (mostly
with warfarin). However, thromboembolic events represent the most dangerous
complications for aPL-positive patients, and the thrombotic risk remains clinically
relevant even in the presence of hemorrhage in the majority of patients.

The management of bleeding is challenging. It is necessary to balance both
thrombotic and bleeding stimuli and to continue antithrombotic prevention or ther-
apy for as long as possible. The individual approach is critical for a favorable clinical
outcome. Specific treatment can be necessary for eliminating the cause of bleeding
and achieving its control. Immunosuppressive agents, especially corticosteroids,
are the first-choice treatment for aPL-associated thrombocytopenia, coagulation
factor deficiencies, CAPS, and DAH. Other immunosuppressive or immunomodu-
latory agents can be efficient in case of unsatisfactory clinical response. Rituximab
appears to be the most promising alternative. Corticosteroids are also fundamental
for the diffuse alveolar hemorrhage, albeit firstly for the correction of consequential
adrenal insufficiency. aPL-positive patients receiving antithrombotics should be
monitored closely, and their compliance ensured, especially in the scenario with the
high-intensity or combined antithrombotic therapy.
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Appendices and nomenclature

aCL anticardiolipin antibodies

AH adrenal hemorrhage

anti-B2GPI anti-beta2-glycoprotein I antibodies
aPL antiphospholipid antibodies

APS antiphospholipid syndrome

aPTT activated partial thromboplastin time
AWS acquired von Willebrand syndrome
B2GPI beta2-glycoprotein I

CAPS catastrophic antiphospholipid syndrome
CNS central nervous system

DAH diffuse alveolar hemorrhage

DIC disseminated intravascular coagulation
GIT gastrointestinal tract

ITP immune thrombocytopenia

IVIg intravenous immunoglobulin

LA lupus anticoagulant

LMWHs low molecular weight heparins

PT prothrombin time

SLE systematic lupus erythematosus

TMAs thrombotic microangiopathies

TPOMs thrombopoietin mimetics

TTP thrombocytopenic thrombotic purpura
vWF von Willebrand factor
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Abstract

We have found that a novel autoantibody against f2-glycoprotein I
(B2GPI)/human leukocyte antigen (HLA) class II complexes (anti-p2GPI/HLA-DR)
is involved in the pathogenesis of antiphospholipid syndrome (APS). It was also
found that many APS patients who were negative for conventional antiphospholipid
antibodies (aPLs) possessed anti-p2GPI/HLA-DR. These results suggested that
anti-p2GPI/HLA-DR measurements may be more sensitive for diagnosing APS than
conventional aPLs tests. Recurrent pregnancy loss (RPL) is one of the clinical
manifestations of APS. Therefore, a prospective, multicenter, cross-sectional study
were conducted to assess whether anti-p2GPI/HLA-DR is also associated with RPL.
This study of 227 couples with RPL revealed that 22.9% (52/227) of RPL women
tested positive for anti-p2GPI/HLA-DR, and 24 (19.8%) of the 121 couples with
unexplained RPL tested positive for anti-p2GPI/HLA-DR. Interestingly, thirty-five
of the 52 (67.3%) RPL patients who were positive for anti-p2GPI/HLA-DR possessed
no conventional aPLs of criteria. This novel autoantibody against p2GPI/HLA class
IT complexes may be a major risk factor for RPL, and it may be a promising bio-
marker for diagnosing APS.

Keywords: Autoantibody, p2-glycoprotein I, HLA class II, recurrent pregnancy loss

1. Introduction

It is well known that specific human leukocyte antigen (HLA) class II alleles
are associated with susceptibility to many autoimmune diseases [1]. However, the
mechanisms by which specific HLA class II molecules control the immune response
in autoimmune diseases have been unclear. On the other hand, autoantibodies are
produced in most autoimmune diseases and cause clinical manifestations of the
diseases. It has also been an enigma how autoantibodies targeting self-antigens
cause the autoimmune diseases. Arase et al. discovered a novel function of HLA
class Il molecules which are involved in the pathogenesis of certain autoimmune
diseases [2-5].
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This review will focus on the autoantibodies associating with the novel func-
tion of HLA class IT molecules and the pathogenesis of antiphospholipid
syndrome (APS).

2. The novel function of HLA class II molecules and autoimmune
diseases

The classical function of HLA class II molecules is to present antigen peptides,
derived from exogeneous proteins digested in lysosomes, to helper T-cells and by
that to activate them.

Endogenous proteins, on the other hand, are formed and folded in the endo-
plasmic reticulum (ER). Correctly folded proteins are essential for cell survival and
function. Therefore, it is believed that misfolded proteins generated in the ER are
never transported to the extracellular space, because such proteins are eliminated
by ER-associated degradation (ERAD).

However, Arase et al. discovered that misfolded proteins can be rescued from
ERAD and transported to the cell surface without being processed into peptides.
This process occurs in the ER via an association between the misfolded proteins and
the peptide-binding groove of HLA class II molecules [2].

In addition, misfolded proteins complexed with HLA class IT molecules of
disease-susceptible alleles have been found to serve as targets of autoantibodies in
certain autoimmune diseases, and to be involved in the disease pathogenesis. For
example, immunoglobulin (Ig) G heavy chain complexed with HLA-DR and myelo-
peroxidase complexed with HLA-DR are major targets for autoantibodies in patients
with rheumatoid arthritis and microscopic polyangiitis, respectively [3, 5].

3. The conventional concepts of antiphospholipid antibodies in APS

APS is diagnosed both by the presence of clinical manifestations, including
vascular thrombosis and pregnancy morbidity, and by the presence of antiphospho-
lipid antibodies (aPLs) which present a laboratory criteria for APS [6]. Laboratory
criteria for APS include IgG and IgM anticardiolipin antibodies (aCLs), IgG and
IgM anti-p2-glycoprotein I (af2GPI) antibodies, and lupus anticoagulant (LAC).
aPLs are thought to recognize linear $2-glycoprotein I (32GPI), which undergoes
conformational changes from the circular form of p2GPI by binding to negatively
charged phospholipids [7], and cause APS by interacting with vascular endothelial
cells [8]. Therefore, p2GPI bound to negatively charged phospholipids or nega-
tively charged plates is used clinically to detect autoantibodies in APS patients [9].
However, because autoantibodies against the f2GPI complexed to negatively charged
phospholipids or high binding plates are detected in less than half of patients with
clinical manifestations of APS [10-12], these facts suggest that additional targets
of autoantibodies may exist. Furthermore, because p2GPI is a secreted protein, it
cannot be universally present on the cell surface. Therefore, there might be other
specific molecules which present f2GPI on the surface of vascular endothelial cells.

4. The discovery of a novel autoantibody against f2GPI/HLA-DR
complex in APS

We found that 293 T cells co-transfected with f2GPI and HLA-DR expressed
both p2GPI and HLA-DR on the cell surface by flow cytometry analysis
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Figure 1.

Mognoclonal anti-phospholipid antibody binds to p2GPI/HLA-DR complex on the cell surface. 293 T

cells transfected with only p2GPI did not express P2GPI on the cell surface, and human monoclonal anti-
phospholipid antibody (EY2C9) did not bind to these cells (the upper 3 histograms and 1 scheme). When p2GPI
was co-transfected with HLA-DR into 293 T cells, B2GPI was expressed on the cell surface and was recognized
by EY2C9 monoclonal antibody (the lower 3 histograms and 1 scheme). Abbreviations: HLA, human leukocyte
antigen; P2GPI, P2-glycoprotein I; aPL mAb, anti-phospholipid monoclonal antibody.

(Figure 1) [4]. Conversely, 293 T cells transfected with only $2GPI did not express
B2GPI on the cell surface, because p2GPI is a secreted protein (Figure 1) [4].
Immunoprecipitation and immunoblotting experiments revealed that full-length
B2GPI proteins, but not peptide fragments of p2GPI, formed a complex with
HLA-DR, and that these full-length p2GPI/HLA-DR complexes were present on
the cell surface [4].

Furthermore, flow cytometry analysis revealed that not only the monoclonal
antiphospholipid antibody derived from an APS patient (EY2C9), but also antibod-
ies in the sera of APS patients can bind to the p2GPI/HLA-DR complexes, even in
the absence of phospholipids [4].

5. Autoantibodies targeting f2GPI/HLA-DR complex are involved in the
pathogenesis of APS

Immunofluorescence staining and in situ proximity-ligation assay (PLA), which
detect close proximity (less than 40 nm) between two molecules [13], showed that
$2GPI and HLA-DR were co-localized in endothelial cells of the placental decidua
vessels from APS patients with spontaneous abortion. In contrast, no co-localization
of p2GPI and HLA-DR was observed in placental tissues obtained from patients
without APS [4].

In addition, we found that monoclonal antibody EY2C9 exhibited complement-
mediated cytotoxicity against 293 T cells expressing f2GPI together with the APS
susceptibility allele HLA-DR7, however the cytotoxicity was not detected against
293 T cells expressing HLA-DR7 alone or against those transfected with f2GPI
alone [4].

HLA class II expression on endothelial cells is known to be induced after
exposure to cytokines, such as IFN-y and TNF-a [14]. Therefore, inflammatory
stimuli can induce HLA class II expression on vascular endothelial cells, and HLA
class IT molecules transport structurally altered f2GPI, which has high affinity for
the peptide-binding grooves of the alleles of HLA class II. Autoantibodies against
B2GPI/HLA class II complexes may damage vascular endothelial cells expressing
B2GPI/HLA class II complexes in a complement-dependent manner and cause
clinical manifestations of APS, including vascular thrombosis and pregnancy
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complications. In this way, f2GPI/HLA class Il complexes and autoantibodies
against the complexes may be involved in the pathogenesis of APS.

6. Alleles of HLA-DR complexed with $2GPI affect susceptibility to APS

HLA-DR4, HLA-DR7, and HLA-DR13 have been reported as susceptibility
alleles for APS [15-18]. However, the mechanism by which these HLA class II alleles
increase susceptibility to APS has remained an enigma.

To address this issue, we analyzed the ability of different HLA-DR alleles to
transport f2GPI to the cell surface and found that HLA-DR7 and HLA-DR4 could
transport much higher levels of f2GPI than other HLA-DR alleles recognized by the
EY2C9 monoclonal antibody [4]. These results indicated that a binding affinity of
P2GPI to each HLA-DR allele is important for autoantibody recognition of $2GP1/
HLA-DR complexes and is associated with differences in susceptibility to APS
between different HLA-DR alleles.

7. A method for quantifying serum levels of autoantibodies against
p2GPI/HLA-DR complexes

We developed and modified a method to measure serum levels of autoantibodies
against f2GPI/HLA-DR complexes (anti-p2GPI/HLA-DR) [4, 19].

Green fluorescent protein (GFP)-labeled p2GPI/HLA-DR complex-expressing
293 T cells and DsRed-labeled HLA-DR-expressing 293 T cells were generated by
transient transfection [19]. A serum sample from a patient in whom anti-p2GPI/
HLA-DR were detectable after a 10°-fold dilution was used as a standard serum. The
anti-p2GPI/HLA-DR level of a standard serum was defined as 1,000 units. The mean
fluorescence intensity (MFI) of IgG binding to transfected cells in the sample sera
was analyzed by flow cytometry. Specific IgG binding to the f2GPI/HLA-DR complex
was calculated by subtracting the MFI of IgG binding to HLA-DR-expressing cells
from p2GPI/HLA-DR complex-expressing cells. Serum levels of anti-p2GPI/HLA-DR
in each sample were calculated from the standard curve generated by measuring spe-
cific IgG binding to the f2GPI/HLA-DR complex in serially diluted standard serum.

8. Autoantibody against $2GPI/HLA-DR complex is a promising novel
biomarker for APS

In our previous study, we measured serum levels of anti-f2GPI/HLA-DR in
stored sera from 120 patients with APS, most of whom had a history of vascular
thrombosis, and found that 83% of the 120 patients had autoantibodies directed
against f2GPI/HLA-DR complexes. Furthermore, about 50% of the APS patients
who tested positive for anti-B2GPI/HLA-DR (< 99th percentile values measured
in sera of 100 healthy subjects) were negative for both IgG aCLs and IgG ap2GPI
antibodies [4]. Another recent study also showed that 27% of 111 patients with
idiopathic chronic limb ulcers who were negative for aPLs possessed anti-2GPI/
HLA-DR [20]. These results suggest that anti-$2GPI/HLA-DR are associated with
APS manifestations, even in patients who do not meet the diagnostic criteria for
APS because they are negative for conventional aPLs.

The latest prospective, multicenter, cross-sectional study, of 227 couples with
recurrent pregnancy loss (RPL), which is one of the clinical manifestations of APS,
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revealed that 22.9% (52/227) of women with RPL tested positive for anti-p2GPI/
HLA-DR (< 99th percentile values measured in sera of 208 healthy, fertile control
women) [19]. In this study, anti-B2GPI/HLA-DR were detected most frequently
in women with RPL among other commonly recognized risk factors for RPL, i.e.,
uterine malformation, thyroid dysfunction, chromosomal abnormality, aPLs
positive, low factor XII activity, low protein S activity, and low protein C activity
(Figure 2). Importantly, 53.3% (121/227) of women with RPL had no commonly
accepted risk factors for RPL, and 24 of these 121 (19.8%) women with unexplained
RPL were positive for anti-p2GPI/HLA-DR (Figure 2). In addition, 45 of the 227
women with RPL (19.8%) were positive for at least one of the 5 conventional aPLs
meeting the diagnostic criteria for APS in this study, i.e., IgG aCL (8.8%), IgM
aCL (6.2%), IgG ap2GPI (3.1%), IgM ap2GPI (1.3%), and LAC (2.6%). The rate of
positivity for anti-B2GPI/HLA-DR was the highest (22.9%) of the 5 aPLs that met
the diagnostic criteria for APS. Notably, 35 (67.3%) of the 52 women with RPL who
were positive for anti-p2GPI/HLA-DR, were negative for APS laboratory criteria
(Figure 3).

On the other hand, the presence of multiple aPLs and LAC positivity has been
reported to be strongly associated with the severity of clinical manifestations
of APS [21-26]. In our study, all 3 women with RPL who had double or triple
aPLs positivity were also positive for anti-p2GPI/HLA-DR, and the 2 with triple
positivity had very high anti-p2GPI/HLA-DR levels (927.5 units and 330.7 units).
First of both women experienced early-onset HELLP syndrome (hemolysis,
elevated liver enzymes, and low platelets) at 14 weeks of gestation, and the
second experienced a thromboembolism with cerebral infarction [19]. Multiple
positivity for aPLs may be associated with higher levels of anti-p2GPI/HLA-DR,
and these conditions may be closely associated with the severity of the clinical
manifestations of APS.

Uterine malformation

3.9%
Thyroid dysfunction
3.1%

Chromosomal abnormality

0.9%

aPLs positive

10.6%

Low factor XII activity
5.8%

Unexplained
533%

Low protein S activity
\ 7.5%

Low protein C activity
0.4%

Multiple risk factors
14.6%

Figure 2.

Risk factors for recurrent pregnancy loss (RPL) among 227 women with RPL. All women with RPL enrolled
in this study attended evaluations to identify commonly accepted risk factors for RPL. Black pie slices indicate
the frequencies of women with RPL who were also positive for anti-p2GPI/HLA-DR (n = 52). Abbreviations:
aPLs, antiphospholipid antibodies.
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Figure 3.

Po%itivity for anti-p2-glycoprotein I /HLA-DR antibodies (anti-p2GPI/HLA-DR) and antiphospholipid
antibodies (aPLs) in 227 women with recurrent pregnancy loss (RPL). Numbers in the Venn diagram represent
the number of women who had unique or nonunique results in tests for aPLs and anti-p2GPI/HLA-DR.
abbreviations: Ig, immunoglobulin; HLA, human leukocyte antigen; p2GPI, p2-glycoprotein I; ap2GPI,
anti-p2-glycoprotein I antibody; aCL, anti-cardiolipin antibody; LAC, lupus anticoagulant.

9. The future perspectives of the clinical use of autoantibodies targeting
f2GPI/HLA-DR complexes

The standard treatment for pregnant women with APS is combination therapy
with heparin and low-dose aspirin (LDA) [27], and the same therapy could also be
effective in the treatment of women with RPL and anti-p2GPI/HLA-DR positivity.
A cohort study is already underway to assess the efficacy of LDA and/or heparin
therapy in such women. The history of vascular thrombosis and obstetric complica-
tions, including hypertensive disorders of pregnancy and fetal growth restriction,
has not been investigated in prospective studies. Future studies assessing whether
anti-p2GPI/HLA-DR are associated with thrombosis, hypertensive disorders of
pregnancy, and fetal growth restriction are needed.

Further understanding of these novel autoantibodies associated with novel
function of HLA class II molecules will provide new insights into the etiology of
not only APS but also other autoimmune diseases and might lead to development of
new treatment strategies for these diseases.
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Chapter 6

Extracellular Vesicles: Intercellular
Communication Mediators in
Antiphospholipid Syndrome

Ula Stok, Sasa Cucnik, Snesna Sodin-Semrl and Polona Zzgon

Abstract

Antiphospholipid syndrome (APS) is a systemic autoimmune disease
characterized by thrombosis, obstetric complications and the presence of
antiphospholipid antibodies (aPL) that cause endothelial injury and thrombophilia.
Extracellular vesicles are involved in endothelial and thrombotic pathologies and
may therefore have an influence on the prothrombotic status of APS patients.
Intercellular communication and connectivity are important mechanisms of
interaction between healthy and pathologically altered cells. Despite well-
characterized in vitro and in vivo models of APS pathology, the field of extracellular
vesicles is still largely unexplored and could therefore provide an insight into
the APS mechanism and possibly serve as a biomarker to identify patients at
increased risk. The analysis of EVs poses a challenge due to the lack of standardized
technology for their isolation and characterization. Recent findings in the field
of EVs offer promising aspects that may explain their role in the pathogenesis of
various diseases, including APS.

Keywords: Extracellular vesicles, Antiphospholipid syndrome, Antiphospholipid
antibodies, Thrombosis, Extracellular vesicles, Endothelial cells, Monocytes, Platelets

1. Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disease
characterized by thrombosis and/or obstetric complications and persistent
presence of antiphospholipid antibodies (aPL) [1]. aPL cause the activation of
cells involved in the vasculature (endothelial cells, platelets, monocytes) and
the release of extracellular vesicles (EVs). EVs are submicron particles that are
constitutively released from nearly all cell types [2] and circulate in plasma of
healthy individuals in concentrations of approximately 10’ EVs/ml [3]. In response
to stimuli, such as cell activation due to inflammation and/or apoptosis, increased
amounts of EVs are released. The frequencies of plasma EVs, which originate from
different cellular origins, can be altered in disease states [4]. Over the last decade,
the number of scientific publications describing physiological and pathological
functions of EVs has increased significantly. The term”extracellular vesicles” is a
collective term that encompasses various subtypes of cell-releasing membranous
structures called exosomes, microvesicles, microparticles, ectosomes, oncosomes,
apoptotic bodies, and many others. The International Society for Extracellular
Vesicles (ISEV) proposed Minimal Information for Studies of Extracellular Vesicles
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(“MISEV?”) guidelines for accurate isolation and characterizations of EVs [5].
MISEV2018 proposes the classification of EVs according to their physical properties
(size and density), biochemical composition (protein marker positivity), cells

of origin or based on the description of the conditions that induce their release.
The heterogeneity of EVs research is, apart from nomenclature, also a reflection
of poorly standardized methods of isolation and downstream analysis. Complex
biological samples containing non-EV contaminants pose a challenge for both

the isolation and characterization of EVs. Usually a combination of different
methods is used to obtain good data quality. The most common EVs are of platelet
or megakaryocyte origin (> 50%) [6], while about 5-15% of EVs are of endothelial
origin [7]. An increase in circulating EVs, especially endothelial EVs, is considered
a hallmark of vascular dysfunction and cardiovascular disease. Increased EVs are
found particularly in patients with hypertension [8], diabetes [9], acute coronary
syndromes [10] and cardiovascular disease [11]. EVs, especially medium to large
endothelial EVs, have been studied in patients with APS, who had significantly
higher levels of circulating endothelial and platelet EVs compared with healthy
controls [12]. One study also reported increased levels of small EVs (sEVs), which
are less than 200 nm in size, in the plasma of patients with APS [13]. In addition,
they reported on an altered protein profile of sEVs, indicating platelet and
endothelial activation. These results show that a complex systemic network that
exists in the form of cell-cell communication via sEVs is altered in APS patients.

2. Extracellular vesicles

Extracellular vesicles are small particles composed of a phospholipid bilayer
that encloses soluble cytosolic or endosomal material and nuclear components and,
unlike a cell, are unable to replicate. EVs can be as small as the smallest physically
possible unilamellar liposome (about 20-30 nm) or as large as 1 pm or more
[14]. EVs serve as regulators of the transfer of biological information (proteins,
nucleic acids, lipids and metabolites), which act both locally and remotely [15].
EVs are found in a variety of human biofluids including serum, plasma, urine,
saliva, breast milk, amniotic fluid, ascites fluid, cerebrospinal fluid and even
bile [16]. Under normal physiological conditions, they are continuously secreted
into the extracellular environment, however, the amount of EVs is increased by
activated and apoptotic cells and is associated with different pathologies, including
thrombosis [7]. EVs are probably the most extensively studied in cancer and were
also found to play a significant role in cancer-associated thrombosis [17]. Over the
last decade, EVs have been extensively studied in the field of biomedical research to
determine their biological role in normal physiology and in disease state as well as
to exploit potential clinical applications in the diagnosis and prognosis of disease.
EVs are considered a promising source of biomarkers since they carry different
biological materials that reflect the status of the cell of origin. Nevertheless, EVs
have also been considered as a therapeutic agent, as an alternative to their synthetic
counterparts, such as liposomes [18].

2.1 Classification of EVs

The classification and nomenclature of EVs is complicated and could be
confusing due to overlapping definitions. The most common classification of EVs
currently used in the literature is the classification of different EVs into subtypes,
such as endosomal derived exosomes, membrane derived (microparticles,
microvesicles or ectosomes) and apoptotic bodies. This classification is based on the
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assignment of a specific EV to a particular biogenesis pathway, which remains very
difficult to assess [19]. Unless biogenesis is investigated directly, EVs are classified
according to their a) physical characteristics such as size: “small EVs” (sEVs; size
<100 nm or < 200 nm) and “medium/large” (m/IEVs; size >200 nm), and density;
low, medium, high, with defined range, b) biochemical composition (surface
expression or by the presence of a specific molecule within EVs), or ¢) description
of a specific condition or cell of origin (Figure1) [19].

2.2 Biological role of EVs

The key biological function of EVs is cell to cell communication and the transfer
of biological materials that act closely, but also, and more importantly, remotely.
Cargo within the EVs is protected from degradation in the bloodstream and can
be successfully transferred to specific cells of interest, affecting several biological
functions of these cells. EVs can transfer a wide variety of molecules: heat shock
proteins (HSP-90, HSP-70), interleukins (IL), such as tumor necrosis factor-alpha
(TNFa), acute phase proteins, such as serum amyloid A [20], enzymes, peptides,
growth factors [14]. Therefore, EVs have a wide range of biological functions
including immune response, antigen presentation, and the transfer of RNA,
including micro RNA (miR) and DNA. Given the fact that EVs migrate through the
bloodstream they can have pleiotropic effects that are likely to affect every tissue
in the body [14]. In immunity, they modulate immune cells, cell-cell interactions,
and transfer of cytokines and chemokines. In the heart and vessels, they stimulate

Apoptotic bodies Origin
(e.g. platelets CD42 positive)

L °
-~
o ®
°

e« ® :\ § ‘I 2% \_
Medium/Large Medium Microvesicles Surface proteins
>200 nm Membrane derived (e.g. tetraspanins, tissue factor)
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<100 nm or < 200 nm Endosomal derived (proteins, lipids, nucleic acids)
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! ' B e i ;
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Figure 1.

Classification of EVs. EV5 can be classified according to their size (Small <100 nm or < 200 nm, Medium/
large >200 nm), density (Low, Medium, High) with a defined density range, biogenesis pathway (Exosomes;
endosomal derived, Microvesicles; membrane derived and Apoptotic bodies; released upon cell apoptosis) or
biochemical composition defining EVs origin, surface proteins or cargo. Created with BioRender.com.
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coagulation and thrombosis, modulate angiogenesis, calcification and vascular
repair. In the adipose tissue, they modulate angiogenesis, inflammation, cell
differentiation and secretion of cytokines. In the bone marrow, they are involved

in cell-cell cooperation, cell proliferation, differentiation and maturation. In the
central nervous system, they are involved in the integration of neurons and various
glial cells, modulate angiogenesis, neuronal plasticity and myelination. In the blood,
they influence activation and aggregation of platelets, are directly involved in
coagulation, as well as cargo transfer of procoagulant or anticoagulant molecules,
cytokines and growth factors [14].

2.3 Methods for EVs isolation

Biological fluids containing EVs, which serve as potential minimally invasive
liquid biopsies, have shifted its proteomic and genomic profiling research towards
identification of biomarkers for disease diagnosis, prognosis and longitudinal moni-
toring. Studying EVs and their cargo typically requires separation from a biological
matrix (such as a complex fluid or tissue) to analyze the unique EV components.
However, isolating EVs from different sources presents certain challenges. For
example, in serum and plasma the main challenge is to separate EVs from highly
abundant non-EV proteins, such as albumin and globulins and non-EV lipid par-
ticles, such as lipoproteins and chylomicrons [21]. These co-purified contaminants
pose a challenge for the isolation, analysis, and application of EVs. Correct inter-
pretation and detailed reporting of the nature of EV samples and sample handling
including storage, isolation, and analytical procedures for the analysis of EVs is
required [18]. Many approaches have been used, including differential ultracen-
trifugation, density gradient ultracentrifugation, size exclusion chromatography,
and affinity/immunoaffinity capture methods. All these approaches have their
limitations and advantages, which are challenged by both the source and quantity of
starting material and the downstream application [21]. Serial centrifugation enables
the separation of EVs from cells, cell debris and larger vesicles such as apoptotic
bodies. Ultracentrifugation (UC) exploits high centrifugal speed (100.000 x g)
for a sufficient time to allow EVs to pellet. It separates particles based on their size,
shape, and flotation density and is less efficient for smaller and less dense particles.
Repeated centrifugation can reduce the amount of non-EVs particles, but also
reduces the yield and may damage the EVs [21]. Density centrifugation or density
ultracentrifugation uses a density gradient medium or cushion of denser solution
(e.g. sucrose cushion; sUC) [22] to separate particles of a similar density. This
technique takes advantage of the fact that particles denser than the solvent sedi-
ment in the suspension, while particles less dense float up. This increases the purity
of samples and reduces the potential of mechanical damage to the vesicles [23].
Density gradient ultracentrifugation is successful in separating chylomicrons, very
low-density, low-density and intermediate density lipoproteins present in plasma.
However, particles of similar density, such as high-density lipoproteins, are co-iso-
lated with the EVs [21]. Size exclusion chromatography (SEC) is a chromatographic
method that allows vesicles of a particular size to be separated where EVs retain
their structure and physiological function [24]. When performing SEC protein
contaminants and aggregates of similar size, are often still present. In addition, the
sample has to be further concentrated because of the different pooled fractions,
decreasing the yield of isolation. Holcar et al. have investigated the purity of the
samples by comparing sUC and SEC; the two most commonly used methods for the
isolation of EVs. Transmission electron microscopy (TEM) of EVs isolated with SEC
showed increased levels of lipoproteins. This was further confirmed by determining
a significant increase of ApoA1l (found in high-density lipoproteins) and ApoB100
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(found in very low-density, low-density and intermediate-density lipoproteins)
[22]. Based on their results, the presence of lipoproteins in SEC isolates could

have a significant impact on downstream analysis. Polymer-based precipitation

uses volume-excluding polymers to lower the solubility of EVs and similarly sized
non-EV particles which are isolated via low speed centrifugation. The main problem
using this method is that protein removal kits must be used [21]. The highest purity
of isolated EVs is achieved by using different immunopurification methods, such as
immunomagnetic isolation. This method separates EVs on the basis of an antigen-
antibody interactions where the antibodies linked to the matrix (e.g. magnets) are
directed against a specific antigen of interest on EVs [25]. Using this methodology,

a specific EV subpopulation is investigated, however, the information about the
general vesicle population is lost. In addition, when using the immunopurification
method, EVs stay bound to the matrix, which makes them incompatible with certain
downstream analyses (Table1).

2.4 Methods for EVs analysis

The analysis of EVs is greatly hampered by their heterogeneity (size, different
populations etc.) and by the complex nature of any biological or clinical sample (the
presence of non-EVs contaminants). The characteristics of EVs can be determined by
biochemical analysis (immunoblotting, immunosorbent EV assays and flow cytom-
etry) or with physical analysis (electron microscopy (EM), atomic force microscopy
(AFM), dynamic light scattering (DLS), nanoparticle tracking analysis (NTA),
tunable restrictive pulse sensing (tRPS) and flow cytometry) as well as novel, opti-
cal based, technologies (fluorescence-based techniques, surface plasmon resonance,
interferometric imaging and electrochemical sensing) [18] (Table 1). Due to chal-
lenges in EVs analysis, a combination of different methods is very common.

2.4.1 Physical analysis

The physical analyses of EVs involve determining a size range, shape and con-
centration. The size of EVs can be determined directly by high-resolution imaging,
or indirectly, by using optical or electrical readouts. Direct high-resolution imaging
includes microscopy methods, such as EM or AFM, to obtain an accurate estimate
of individual EVs in nanoscale resolution [18]. EM is used to determine the size
and morphology of individual EVs. This method employs an electron beam instead
of light to obtain high-resolution images in nanoscale. The most commonly used
EM techniques are scanning (SEM) and transmission (TEM). Scanning electron
microscopy image will explore the topography of the EVs surface. Since electrons
pass through the sample in TEM, a 2D image of EVs will be obtained, which will

Type of EVs Isolation of EVs Characterization of EVs
Small Ultracentrifugation +/— density gradient, SEC, AFM, EM, ELISA, NTA,
polymer-based approaches, immunopurification RPS, DLS, WB
Medium/Large Centrifugation +/— density gradient AFM, EM, NTA, IF, ELISA,
flow cytometry

Abbreviations: AFM: atomic-force microscopy; DLS: dynamic light scattering; ELISA: enzgyme-linked
immunosorbent assay; EM: electron microscopy; IF: immunoﬂuorescence microscopy; NTA: nanoparticle tmcking
analysis; RPS; vestrictive pulse sensing; SEC: size exclusion chromatography: EM: transmission electron microscopy
WB: western blotting.

Table 1.
Most commonly used methods for isolation and characterization of EV.
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also provide the information on the inner structure [26]. These electron microscopy
methods require fixation or drying of the sample which complicates the transla-

tion of observed structures to the native morphology of the EVs. To avoid sample
dehydration variations of electron microscopy techniques, such as cryogenic TEM,
have been evolved [27]. In the AFM, an extremely sharp tip scans the area and its
deflection is translated into topology information. It provides additional information
about mechanical properties, such as stiffness and elasticity of the vesicles. In most
cases, AFM is performed on dry, immobilized surfaces, which in turn may damage
the EVs [28]. This can be prevented by analyzing EVs in a solution [29]. Indirect
methods estimate the size and concentration based on the interaction of EVs with
light (DLS and flow cytometry), their diffusion trajectories (NTA or their effect

on the electrical current (tRPS). DLS is based on the analysis of temporal intensity
fluctuation of laser light scattered by a dispersion of freely diffusing EVs. Unlike EM
and AFM it measures the collective mobility (diffusion coefficient) of scattering EVs
that are present in the measured volume. Flow cytometry is often used to analyze
the number of cells and their biochemical composition. EVs are much smaller than
cells and are usually not detected due to the low sensitivity of the method. However,
adapted protocols have been developed to enable the analysis of EVs [30]. In flow
cytometry, the flow of cells is hydrodynamically focused in a flow chamber and
enables the illumination of a single cell by several different lasers. The forward light
scatter on the cell will allow information on the cells’ sizes while the side scatter will
gave information on the granularity and composition [31]. Because the EVs are very
small and have a low refractive index, flow cytometers can more accurately deter-
mine the EVs larger than 500 nm. Smaller EVs are detected in the background signal
and collectively due to the swarm effect, which happens when multiple EVs are
simultaneously and not separately illuminated by the laser, creating a swarm [32].
The recent advances in the field of flow cytometry enable to detect also populations
as small as 100 nm [33]. NTA measures how fast a particle diffuses in a static solution
due to the principle of Brownian particle motion. By analyzing its motion trajecto-
ries, it determines the size distribution of vesicles. tRPS is a technique that measures
changes in electrical current as each particle passes through an adjustable nanopore
[18]. The heterogeneity of the samples is a major problem with all indirect methods.
Compared to direct methods the number of EVs that can be analyzed is typically
higher, which allows a better estimate of the concentration. This is also due to the
fact that these vesicles are in their original state. However, these methods are not able
to provide information on the presence of contaminants, such as lipoproteins.

2.4.2 Biochemical analysis

The characterization of EVs to determine the surface markers, markers of
origin and proteins they carry allows to infer the functional role of these vesicles
in health and disease. Methods might be divided to more conventional ones; the
immunoblotting assays or the methods that will employ the capture of the vesicle;
immunosorbent methods. Immunoblotting methods are based on the lysis of a
vesicle and the analysis of its contents either by direct spotting on a membrane (dot
blot) or separation of proteins using SDS PAGE combined with western blotting,
in which specific proteins of interest are determined with labeled antibodies.
Immunoblotting methods are often used to determine the presence of EVsina
sample. These methods can also be used to determine the purity of samples [18].
Immunosorbent assays are based on the detection of EVs using specific antibodies
directed against surface proteins of EVs. Derived from the classical enzyme linked
immunosorbent protein assay (ELISA), EVs are captured on a solid surface coated
with antibodies that are typically present on the EVs. EVs capture results in a
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strong enrichment. Analysis of EVs surface proteins is afterwards performed with
antibodies directed to a protein of interest on the surface of the EVs. These detection
antibodies are conjugated to an enzyme enabling the conversion of a fluorescent/
colored substrate that can be quantified with a spectrophotometer [18].

3. Extracellular vesicles in vascular pathologies

The main cell types involved in vascular hemostasis are endothelial cells, plate-
lets and monocytes. All these cells release EVs, which leads to a complex interplay
between different vesicles and different cells. EVs are continuously released in low
concentrations from the cells into the intercellular environment, but this is greatly
increased during cellular activation and apoptosis. EVs transmit various biological
information (in the form of proteins, lipids and nucleic acids). Travelling through
the bloodstream, EVs serve as local or distant messengers that transmit information
to a variety of cells and tissues. Hemostasis is a very strictly regulated process that
maintains normal function of vasculature despite the presence of triggers, such as
injury and/or infection. One of the consequences of an altered hemostatic balance
is the formation of thrombi, a process in which EVs play an important role [15].

EVs coming from activated cells have been shown to have both procoagulant and
proinflammatory effects. Procoagulant effects are related to the fact that some EVs
contain anionic phospholipids, mainly phosphatidylserine (PS), on their surface,
which contributes to the assembly and activation of the prothrombinase complexes,
thus promoting thrombin formation [34]. However, not all EVs carry PS on their
surface, suggesting the involvement of other mechanisms contributing to the pro-
coagulant state [35], including other important coagulation factors, such as tissue
factor (TF), Factor XII [36], and reduced activity of tissue factor pathway inhibitor
(TFPI) and thrombomodulin on endothelial cells [37]. In addition, EVs also induce
the expression of adhesion molecules; integrins and selectins on the recipient cells
causing platelets, monocytes, and endothelial cells to interact more intensively with
each another. Finally, EVs also contribute significantly to the proinflammatory state
in the vascular microenvironment by delivering or inducing certain cytokines and
chemokines and by transferring nucleic acids and lipids [38]. The effects that these
EVs have on different cell types disrupt the normal functioning of the vascular
system, leading to the development of different pathologies, including deep vein
thrombosis or pulmonary embolism [7] and cardiovascular diseases (atherosclerosis
[39], hypertension [8], myocardial infarction [40] and stroke [41]).

3.1 Platelet-derived EVs

EVs from activated platelets can have different effects on endothelial cells,
monocytes and other platelets (Figure 2A). Namely, increased levels of intracel-
lular adhesion molecule-1 (ICAM-1), a well-known activator of endothelium was
observed on endothelial cells upon stimulation with platelet EVs [42, 43], an effect
later ascribed to miR-320b transfer [42]. Increased expression of lymphocyte
function-associated antigen-1 LFA-1 (CD11a/CD18) and macrophage antigen-1
Mac-1 (CD11b/CD18); both important in mediating monocyte-endothelium inter-
actions, were observed on monocytes upon stimulation with platelet EVs. These
effects are induced by the transfer of arachidonic acid from platelet EVs and appear
to be dependent on the activation of protein kinase C [44]. Platelet EVs therefore
significantly modulate adhesion of monocytes to endothelial cells. It has also been
shown that platelet EVs increase the deposition of platelets on damaged arteries
and increase platelet aggregation and adhesion to collagen [45]. By influencing
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Activation of platelets, monocytes and endothelial cells by EVs deriving from different cells. Schematic
representation of the potential in vitro mechamnisms focusing on vascular function, inflammation and
thrombosis. (A) Platelet EVs can stimulate endothelial cells and monocytes via direct interaction or cargo
delivery (miR and lipids). Furthermore, platelets EVs can also act via a feedback loop causing platelet
aggregation and activation. Platelet EVs induce endothelial cell activation, proliferation and apoptosis by

the transfer or miR-223 and miR-142-3p while ICAM-1 expression is induced by the delivery of miR-320b.
Increased adhesion between endothelial cells and monocytes as well as between leukocytes in mediated by
platelet EV5. (B) EVs veleased form endothelial cells were found to have a procoagulant profile expressing
vWE, TE PAI-1, PS as well as increased adhesive properties expressing VCAM-1, ICAM-1, E-selectin, and
a-integrin. Endothelial EVs promote procoagulant profile of monocytes by induction of the TF expression on
these cells. Endothelial EVs induce endothelial dysfunction by attenuating the production of nitric oxide from
endothelial cells (C) Monocytes release procoagulant EVs that carry TF and PS. Furthermore, monocyte EVs
interact with endothelial cells causing increased expression of adhesion molecules (ICAM-1, VCAM-1

and E-selectin), increased inflammation and procoagulant profile by reducing the expression of anticoagulant
molecules (TFPI and Trombomodulin). Monocyte EVs transfer miR cargo (miR125a-5p, miR-222,

miR-146a, miR-146b, miR-155) and induce inflammation in endothelial cells. CCL2, C-C motif chemokine
ligand 2; ICAM-1, intercellular adhesion molecule 1; IL, interleukin; LFA1; lymphocyte function-associated
antigen 1; Mac-1, Macrophage antigen-1; mIR; micro RNA; MyD88, myeloid differentiation primary response
gene 88; NO, nitric oxide; PAI-1, plasminogen activator inhibitor-1; PS, phosphatidylserine; TF, tissue factor;
TLR4, tool like receptor 4; VCAM-1, vascular cell adhesion molecule 1; vWEF, von Willebrand factor. Created
with BioRender.com.

cell adhesiveness, EVs also modulate interactions between leukocytes. Platelet EVs
use P-selectin to bridge leukocytes, increase leukocyte-leukocyte interactions and
enhance leukocyte accumulation on a P-selectin surface [46, 47]. Platelet EVs can
therefore contribute to increased adhesion and aggregation of platelets and leu-
kocytes on blood vessel walls during pathology. In addition, platelet EVs influence
the production of cytokines (IL-1p, IL-6, IL-8) [43] and the transfer of miRNA
(miRs 142-3p and 223), affecting the activation, proliferation and apoptosis of
endothelial cells [48, 49]. In addition, platelet activation by the transfer of arachi-
donic acid from platelet EVs to other platelets, was observed [50]. Importantly,
the role of platelet EVs in hemostasis is not entirely clear, as there is evidence that
these EVs can also have anticoagulant effects [51, 52]. Further research is needed
to determine, which key stimuli are responsible for determining the final effect of
platelet EVs.

3.2 Endothelial-derived EVs

Endothelial cell activation and damage play an important role in vascular
pathologies, with endothelial EVs being proposed as one of the causative agents
in vascular pathologies (Figure 2B). Many proinflammatory factors (e.g. TNF-a,
lipopolysaccharide, C-reactive protein and reactive oxygen species) and coagula-
tion stimuli (thrombin, plasminogen activator inhibitor-1 (PAI-1)) can increase the
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levels of endothelial EVs. These vesicles carry adhesion molecules; ICAM-1, vascu-
lar cell adhesion protein 1 (VCAM-1), E-selectin, VE-cadherin, a-integrin, growth
factors; endoglin, CD146, vascular endothelial growth factor (VEGF) receptor and
molecules involved in coagulation, such as von Willebrand factor (vWF), TF, PAI-1
[53-55]. The expression of anionic phospholipids; such as PS, together with coagu-
lation molecules, contribute to their procoagulant role. In addition, endothelial EVs
may interact with other cells such as monocytes and induce the expression of TF on
these cells [56]. Endothelial EVs induce endothelial dysfunction by attenuating the
production of nitric oxide from endothelial cells [57]. Conversely, endothelial EVs
may also have anticoagulant and antiinflammatory potential [38]. Although they
exert different effects that are mostly dependent on the environment they originate
from, endothelial EVs are generally believed to impair vascular function [58].

3.3 Monocyte-derived EVs

Leukocytes play an important role in the maintenance of vascular homeostasis.
The activation of monocytes leads to increased release of monocyte EVs, which
contribute to the disturbance of the hemostatic balance (Figure 2C). Monocyte
EVs adhere to endothelial cells via LFA-1-ICAM-1 adhesion, as shown by the
blocking of LFA-1 [37]. Once internalized, EVs were able to induce extracellular
signal-regulated protein kinase (ERK1/2) and nuclear factor-kB (NF-kB) signaling
pathways that increase the expression of the adhesion molecules VCAM-1, ICAM-1,
and E-selectin on endothelial cells [59]. On the other hand, Tang et al. suggested
that monocyte EVs induce de novo synthesis of ICAM-1, chemokine C-C motif
ligand 2 (CCL2) and IL-1f in endothelial cells. This occurs via the activation of toll
like receptor 4 (TLR4)/Myeloid differentiation primary response gene 88 (MyD88)/
NF-«B [60]. An increase in the adhesion profile of endothelial cells makes them
more susceptible to interactions with platelets and monocytes and increase the
prothrombotic state of the vasculature. Monocyte EVs trigger immune dysfunction
related proinflammatory pathways also by the transfer of different miRs to the
recipient cells. Levels of miR-125a-5p, miR-146a, miR-146b, miR-155 were signifi-
cantly increased and miR-222 levels were decreased in INFa and lipopolysaccharide
stimulated monocyte EVs compared to unstimulated monocyte EVs. Monocyte EVs
transfer functional EVs to endothelial cells and activate the TLR4/MyD88/NF-kB
signaling leading to differential expression of immunomodulatory miR in endothe-
lial cells [61]. Both monocytes and monocyte EVs are positive for TF [37], a primary
cellular initiator of blood coagulation. In vascular injury, TF forms a complex with
factor VIIa, which activates the coagulation protease cascade and eventually leads
to fibrin deposition and platelet activation [62]. In addition, monocyte EVs reduce
the expression of the anticoagulant TFPI and of thrombomodulin on endothelial
cells [37].

4. Pathological mechanisms of the Antiphospholipid syndrome

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder char-
acterized by venous and/or arterial thrombosis and pregnancy complications in
the presence of antiphospholipid antibodies (aPL). aPL are a heterogeneous group
of autoantibodies, of which anti-cardiolipin (anti-aCL), anti-p2 glycoprotein I
(anti-p2GPI) and lupus anticoagulant (LA), are in the laboratory criteria for the
diagnosis of APS [63]. In addition to criteria aPL other, non-criteria aPL, such as
antibodies against phosphatidylserine/prothrombin complex, were found to play
an important role in APS [64, 65]. These antibodies are, in some patients, the only
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elevated aPL. Although aPL are persistent in APS patients, thrombosis occurs only
occasionally, suggesting the involvement of other triggers that, together with aPL,
turn the hemostatic balance in favor of thrombosis. In the development of APS,

a two hit theory has been proposed in which the continuous presence of aPL as

the first hit and inflammation, trauma, or surgery as a second hit together lead

to thrombus formation [66, 67]. APS pathogenesis clearly involves both inflam-
matory and coagulation pathways in endothelial cells, monocytes, neutrophils,
and platelets. Frequently identified prothrombotic mechanism is inhibition of

the natural anticoagulant pathways [68]. It has been shown that aPL inhibit the
activation of protein C [69] and its ability to inactivate factors V and VIII [70]. In
addition, aPL inhibit the activity of TFPI [71] and activation of antithrombin [72].
They have also been found to be involved in fibrinolysis by neutralizing the ability
of anti-B2GPI to stimulate tissue-type plasminogen activator [73]. Furthermore,
aPL impair the ability of Annexin A5 to form a network on procoagulant anionic
phospholipids [74]. aPL also directly bind to vascular cells and trigger their activa-
tion, which in response, release prothrombotic molecules and thus contribute
significantly to the pathogenesis of APS. The activation of endothelial cells leads
to a disruption of the normally anticoagulant endothelial surface [68]. This is
achieved by upregulating adhesion molecules (E-selectin, ICAM-1, VCAM-1) [75],
molecules involved in coagulation (TF) [76] and by the decrease in endothelial
cell derived nitric oxide [77]. The biochemical pathways are not fully defined,

but research has suggested several receptor-mediated mechanisms including,
annexin A2, TLR4/NF-kB, TLR2, TLR7 and low-density lipoprotein receptor-
related protein 8 [68]. In addition to endothelial cells, aPL also act on platelets.
Increased production of thromboxane B2, increased platelet adhesion to collagen
type I and III and increased platelet activation have been described [66]. Among
immune cells, monocytes are the most extensively studied in APS. In APS patients,
monocytes have been shown to have a proinflammatory and procoagulant phe-
notype that is mediated by upregulation of NF-xB, MEK-1/ERK, and p38 MAP
kinase pathways [78]. The main player of the procoagulant phenotype is increased
surface expression, production and activity of TF on monocytes [79]. Stimulation
of monocytes with aPL influences the release of IL-1p [80] and TNFa [81], prob-
ably by the activation of NLR family pyrin domain containing 3 inflammasome
[82]. Monocyte-endothelial interactions are increased by upregulation of adhesion
molecules on both cell types, as well as expression of other molecules, such as
monocyte chemoattractant protein-1 by the endothelium, which in turn promotes
the synthesis of TF by monocytes [83].

5. Extracellular vesicles in antiphospholipid syndrome: literature review
and discussion

The role of EVs as communicators between different types of cells involved in
the pathology of APS have been studied iz vivo by analyzing the characteristics of
EVs from plasma of APS patients and in vitro after stimulation of cells with aPL. As
discussed above, EVs can carry characteristic proteins that determine their origin
(Figure 3, upper panel) and their prothrombotic profile (e.g. by the presence of
TF, PS) (Figure 3, lower panel). However, all EVs carry also different receptors,
adhesion molecules and cargo (nucleic acids, lipids and proteins), which together
influence the interaction between different cells, as well as information transfer.
Larger vesicles (microvesicles) usually carry surface TF, PS and annexins while
smaller EVs (exosomes) carry surface tetraspanins (CD9, CD63, CD81) and flotillin
and alix, clathrin and TSG101 proteins as their cargo (Figure 3, lower panel).
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Chgamcterization of endothelial, monocyte and platelet EVs. Schematic representation of commonly

expressed surface protein markers of endothelial cells, monocytes and platelets, as well as markers currvently
associated with small and medium/large EV5. Endothelial EVs usually express CD51 (Integrin alpha V) which
is a part of a complex that binds extracellular matrix proteins, CD144 (Vascular endothelial cadherin),

an important cell adhesion molecule in the formation of adherent junctions, CD31 (PECAM-1; platelet
endothelial cell adhesion molecule) mediates leukocyte- and platelet-endothelial cell adhesion, CD105
(Endoglin) is a type I membrane glycoprotein and a part of transforming growth factor f3 receptor complex.
Monocyte EVs commonly express CD14 (Cluster of differentiation 14) a known monocyte marker and CD45
(PTPRC; protein tyrosine phosphatase receptor type C) that is leukocyte specific cell surface glycoprotein
involved in various cellular processes. Platelet EVs usually express different glycoproteins (CD42; glycoprotein
IX, CD41; glycoprotein 1Ib, CD61; glycoprotein I1la) that ave integrin complex proteins involved in platelet
aggregation. All EVs carry adhesion molecules, receptors and lipids that are involved in interaction of EVs with
different cells. Furthermove, they carry proteins, nucleic acids and lipids that can be transferved to a target cell.
Membrane derived vesicles-microvesicles, are usually lavger and express procoagulant molecules, such as TF
(Tissue factor), annexins and PS (Phosphatidylserine), whereas tetraspanins (CD9, CD63, CD81) and specific
luminal proteins (Clathrin, TSG101 and Alix) are specific for smaller vesicles of endosomal origin-exosomes.
Created with BioRender.com.

5.1In vivo studies (characterization of EVs from plasma of APS patients)

The role of EVs has been studied in many vascular pathologies, including deep
vein thrombosis [7] and cardiovascular disease [38], whose common denominator
is endothelial dysfunction. In addition, platelet EVs have been proposed as a useful
biomarker for long-term follow-up after myocardial infarction [84], whereas
increases in the number of endothelial EVs play a role in many inflammatory
diseases, such as atherosclerosis [39]. Studies investigating EVs in patients with
APS are limited and heterogeneous (Table 2). To date and to our knowledge,
there have been 13 studies investigating EVs in thrombotic APS patients. With one
exception, all of them have focused on medium/large EVs. Furthermore, the results
of these studies are not completely comparable because the methods for isolating
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and characterizing EVs are not standardized, the sample sizes in some studies are
small and the patient population studied is very heterogeneous (e.g. patients with
concomitant autoimmune or other disease). Overall, the studies investigated EVs
from the three major cell types involved in the pathogenesis of APS: endothelium,
platelets, and monocytes. Studies in the field of cardiovascular diseases and EVs
have shown that both platelet and endothelial EVs are elevated in patients with
hypertension, compared to healthy blood donors [8], therefore it is important to
note that certain proportion of EVs detected in plasma of APS patients might be
associated with hypertension. Correlations between the levels of EVs and systolic
and diastolic blood pressure needs to be evaluated when investigating EVs in APS
patients.

5.1.1 Medium and large extracellular vesicles
5.1.1.1 Endothelial-derived EVs

The endothelium is the major player in APS pathogenesis, so it is not surprising
that endothelial EVs have been the most extensively studied (Table 2). Combes et al.
published in 1999 the first study investigating endothelial EVs in APS using flow
cytometry to detect endothelial marker integrin CD51+ EVs. They showed increased
levels of endothelial EVs in LA+ patients compared to HBDs [53]. In addition, they
have also showed a significant increase in endothelial EVs in LA+ patients with a
history of thrombosis compared to asymptomatic LA+ patients. On the other hand,
Jy etal. found no difference in endothelial EVs (CD31+/CD42-) between aPL+
thrombotic patients and asymptomatic aPL+ group, suggesting that the release of
EVs might be related to the autoimmune process involving the presence of aPL [88].
Dignat-George et al. in 2004, showed increased levels of CD51+ endothelial EVs in
APS patients and in aPL+ SLE patients compared to HBDs [87]. Increased levels of
endothelial EVs were observed in aPL+ patients vs. HBDs as well as in aPL+ patients
vs. aPL- patients. Increased levels of endothelial EVs in the plasma of APS patients
compared to HBDs were later confirmed also in several other studies [90, 93, 94]
(Table 2), in which different endothelial surface markers (CD31+, CD51+, CD105+,
CD144+) were examined. Levels of endothelial EVs were shown to be increased
in APS patients with exception of one study where the increase was not observed
[89]. Chaturvedi et al., on the other hand investigated levels of TF+ endothelial EVs,
and found them to be elevated in aPL+ patients, compared to HBDs [92]. A higher
TF activity was also observed when comparing APS patients with asymptomatic
aPL+ patients [91]. Contrarily, Hell et al. could not observe increased TF activity of
endothelial EVs in APS patients vs. HBDs.

5.1.1.2 Monocyte- and Platelet-derived EVs

Platelet-derived EVs are the most numerous type of vesicles found in the circulation
of healthy individuals [96], and their levels are further increased in disease [38].
They are known to play key roles in coagulation, thrombosis, vascular senescence
and permeability. It has been suggested that platelet EVs induce vascular dysfunction
and influence immune modulation, leading to vascular remodeling. Monocytes
contribute to APS pathogenesis also by being the main source of tissue factor, which is
one of the key initiators of the coagulation cascade. Similar to platelet EVs, it has been
suggested that monocyte EVs cooperate in coagulation and vascular inflammation
[38]. However, in APS, monocyte EVs (Table 2) have been less extensively studied
compared to endothelial EVs. Joseph et al., showed no difference in plasma levels of
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CD41+ platelet EVs between APS patients and HBDs [85]. This is consistent with the
study by Vikenfors et al. (CD42a+) [97] and by Nascimento et al. (CD61+) [89]. On
the other hand, increased levels of platelet EVs (CD41+, CD41a+, CD42+, CD42a+)
were found in five other studies [86, 88, 92-94]. Jy et al. have shown an increase in
platelet EVs in APS patients vs. asymptomatic aPL+ suggesting thrombosis rather
than aPL may play a role in platelet EVs release [88]. An increase in monocyte EVs in
APS patients compared to HBDs was observed by Nagahama et al. and Vikenfors et al.
which is in contrast to two other studies where the authors could not see an increase
[89, 92]. There is no consensus on whether platelet and monocyte EVs are elevated in
APS patients and there is too little data to conclude on the effects of these EVs in APS
patients.

5.1.2 Small extracellular vesicles

To date, only a study by Stok et al. has investigated the presence of sEVs in
plasma of APS patients (Table 2). Compared to HBDs, significantly increased levels
of sEVs were observed in APS patients. In addition, sEVs from different cellular
origin: platelet (CD41b+, CD42a+), lymphocyte (CD8+), leukocyte (CD45+) and
endothelial (CD31+) were detected. Flow cytometric characterization of sEVs
defined a subpopulation of vesicles that were positive for P-selectin (CD62P) and
the endothelial progenitor cell marker (CD133/1). sEVs from APS patients were
enriched in surface expression of P-selectin, suggesting endothelial and platelet
activation in APS. In addition, APS patients showed increased CD133/1 expression
compared to aPL- patients with thrombosis, suggesting endothelial damage in APS
[13]. The authors of this study suggest that increased levels of sEVs with distinct
biological properties circulate in patients with thrombotic APS.

5.2 In vitro studies (characterization of EVs released by aPL stimulated cells)

One mechanism by which aPL promote thromboses is through their binding to
endothelial cells causing the activation of endothelial cells [98, 99] which in response,
release EVs that might modulate the activation of other adjacent cells [87, 100]. These
effects were investigated on endothelial cells [87, 100-102] and placental explants [103]
involving both small EVs and medium/large EVs (Table 3). A study by Dignat-George
etal., showed a significant 4-fold increase in endothelial EVs with procoagulant
activity after stimulation of human umbilical vein endothelial cells (HUVEC) with
plasma of APS patients [87]. Only a moderate, non-significant increase was observed
after HUVEC stimulation with the plasma from HBDs. In addition, endothelial
EVs released after HUVEC stimulation with APS plasma, significantly reduced the
normalized clotting time ratio. Wu et al. showed data where stimulation of HUVEC
with anti-B2GPI caused the formation of an endothelial cell inflammasome and the
release of EVs that were enriched in mature IL-1B, with a distinct mIR profile and
caused endothelial activation [101]. However, activation of HUVEC does not appear
to involve IL-1p receptor, but most likely follows the TLR/myd88-IRAK4 signaling
pathway. Pericleous et al. [102] investigated the effect of purified polyclonal IgG
from patients with APS (APS-IgG) and healthy controls (HC-IgG) on HUVEC [102].
HUVEC exposed to APS-IgG, produced significantly more endothelial EVs than those
exposed to HC-IgG and a larger proportion of these EVs carried surface E-selectin.
Levels of ICAM-1+, endoglin+ and VE-cadherin+ EVs did not differ from the ones
stimulated with HC-IgG. VCAM-1+ and TF+ endothelial EVs could not be detected.
Later Betapudi et al., also observed a 2-fold increase in levels of endothelial EVs
released from HUVEC stimulated with anti-B2GPI [100]. EVs in obstetric APS patients
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were studied by Tong et al. [103], whereby exposure of first trimester human placental
explants to monoclonal anti-p2GPI and IgG fractions from five anti-2GPI positive
APS patients did not affect the number or size of EVs. However, an increase in levels
of mitochondrial DNA was observed in these vesicles that activated endothelial cells
through a TLR-9-mediated pathway. This is supporting the idea that EV-associated
mitochondrial DNA could be pathological in pregnant women with aPL.

6. Conclusions

Extracellular vesicles are small phospholipid bilayer particles that carry various
biologically active molecules, such as proteins, lipids and nucleic acids. Their key
biological function is cell-cell communication and the transfer of cargo. EVs normally
circulate in the bloodstream of healthy individuals, but their levels are elevated in
various pathological conditions, including APS. The classification, isolation and
characterization of EVs has been developing in an accelerated manner over the last
20 years. Nevertheless, terms such as exosomes and microparticles are still present in
the literature, but it is important to note that this classification is based on biogenesis,
which is rather difficult to assess. It is therefore more optimal to classify EVs based
on their other characteristics, such as size, density, origin etc. Each isolation and
characterization techniques have their advantages and disadvantages and influences
the properties of the EVs studied. Choosing the best combination, albeit of different
isolation techniques, along with the characterization of EVs, is of utmost importance
to achieve good data quality. In addition, the limitations of the methods used in both
isolation and characterization must be considered. In the rapidly developing field
of EVsresearch, variations of existing methods, as well as new technologies, are
emerging that enable more precise isolation and characterization of EVs. EVs from
platelets, monocytes and endothelial cells play a crucial role in vascular dysfunction,
which is a causal factor in the disturbance of hemostasis and the development of
thrombosis. Platelet and monocyte EVs are involved in the increased adhesiveness of
endothelial cells and the increased interaction of leukocytes with the endothelium.
Platelet, monocyte and endothelial EVs carry procoagulant molecules, such as TF,
and modulate the expression of coagulation molecules in endothelial cells. Research
on EVsin APS is very heterogeneous, due to the lack of standardization of isolation
and characterization methods, all of which limits solid findings and conclusions. In
addition to the technological challenges, EVs in APS are difficult to study because of
the puzzling nature of APS. It is a chronic disease with a complex clinical spectrum
due to many different features and symptoms (e.g. hypertension, thrombocytopenia).
Patients with APS receive lifelong treatment with anticoagulants, and the actual acute
phase is practically impossible to monitor. However, in view of the data on EVs in APS,
atrend towards elevated total endothelial and platelet EV levels can be observed, sug-
gesting an activated endothelium, even in the absence of an acute event. The results
of the study of sEVs suggest that smaller vesicle populations may also play a role in the
pathogenesis of APS. It appears that in patients with APS, levels of sEVs and different
medium/large EVs are elevated. Further research is needed to confirm this in a larger
number of patients as well as determine their functionality in APS. Data on increased
levels of endothelial EVs in APS is supported by in vitro studies showing elevated
levels of endothelial EVs following stimulation of endothelial cells with aPL. Studies
investigating the role of aPL in vesicular release and its effects on the original cells also
suggest that both small and medium/large EVs may play an important role in endothe-
lial dysfunction in APS. However, future studies are needed to obtain a clearer picture
of the signaling pathways and key molecules involved in interactions of EVs with the
target cells.
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