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A B S T R A C T   

Thrombotic complications are a hallmark of antiphospholipid syndrome (APS). These vascular – arterial, venous, 
and/or small vessel – complications are well described and known to hematologists and healthcare providers 
caring for patients with this disease. In this review, we shed light on other hematological manifestations of the 
disease, including bleeding, thrombocytopenia, autoimmune hemolytic anemia, and thrombotic micro-
angiopathy syndromes. While these manifestations are not bona fide clinical criteria for the diagnosis of APS, 
they frequently interact and contribute to the complexity of clinical management of APS.   

1. Introduction 

Antiphospholipid syndrome (APS) is a clinical autoimmune condi-
tion characterized by a thrombotic and/or pregnancy-related compli-
cations [1]. Despite the wide variation in laboratory findings and 
clinical manifestations, APS has a well-defined set of diagnostic criteria 
that were intended to identify homogenous groups of patients for clin-
ical or translational research purposes (1; 2). These criteria include (i) 
laboratory criteria consisting of positive antiphospholipid antibodies 
(aPLs) and (ii) clinical criteria consisting of venous or arterial throm-
bosis and/or pregnancy loss or morbidity [2]. 

Certain clinical manifestations that were previously considered as 
part of the APS classification criteria were not included in the revised 
Sapporo classification criteria [2]. Examples of these manifestations 
include livedo reticularis, cutaneous ulcers, immune thrombocytopenia, 
autoimmune hemolytic anemia, cardiac valvular disease, and ne-
phropathy. With advances in the laboratory and at the bedside [3], other 
standardized antibody specificities, such as IgG/IgM anti- 
phosphatidylserine/prothrombin antibodies, were found to play a cen-
tral role in the pathophysiology of certain APS clinical manifestations 
[4]. However, given the lack of certainty regarding clinical significance, 
testing for antibodies other than anticardiolipin (aCL) and anti-beta2- 
glycorpotein I (anti-b2-GP1) antibodies is not routinely performed. 
These antibodies that have been linked to APS include antiprothrombin 

antibodies, anti-annexin V, anti-phosphatidylserine, and anti- 
phosphatidylinositol antibodies [5]. 

While vascular and thrombotic complications appropriately consti-
tute the crux of the clinical criteria to diagnose APS, other hematological 
manifestations are often underdiagnosed. Therefore, we present this 
review of non-thrombotic (non-criteria) hematological manifestations of 
APS (Fig. 1) as a guide for clinicians – particularly hematologists, 
rheumatologists, and family practitioners – caring for the patient with 
APS. 

2. Thrombocytopenia 

2.1. Immune thrombocytopenia (ITP) 

2.1.1. Epidemiology 
Immune thrombocytopenia (ITP) is an acquired immune-mediated 

disorder characterized by isolated thrombocytopenia (platelet count 
<100,000/μL) in the absence of an underlying secondary cause [6]. 
Clinically, secondary ITP is commonly considered a potential compli-
cation associated with APS. 

There is variable prevalence of aPL among patients with ITP [7,8]. 
Before the first APS international classification criteria were set, aPL, 
specifically aCL, were found in 30% of patients with ITP [8]. Among an 
Italian group of patients in 1994, an incidence of 46.3% was reported, 

* Corresponding author at: Department of Internal Medicine, American University of Beirut Medical Center, Cairo St, PO Box 11-0236, Riad El Solh 1107 2020, 
Beirut, Lebanon. 

E-mail address: ataher@aub.edu.lb (A.T. Taher).  

Contents lists available at ScienceDirect 

Blood Reviews 

journal homepage: www.elsevier.com/locate/issn/0268960X 

https://doi.org/10.1016/j.blre.2022.101015    

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

mailto:ataher@aub.edu.lb
www.sciencedirect.com/science/journal/0268960X
https://www.elsevier.com/locate/issn/0268960X
https://doi.org/10.1016/j.blre.2022.101015
https://doi.org/10.1016/j.blre.2022.101015
https://doi.org/10.1016/j.blre.2022.101015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.blre.2022.101015&domain=pdf


Blood Reviews 58 (2023) 101015

2

with 36.2% of patients being positive for lupus anticoagulant (LAC) [9]. 
In a French cohort, around 26% of patients with ITP had at least one 
positive aPL, with a majority being positive for anti-β2 glycoprotein 1 
(b2GP1) antibodies [10]. In a study from India, approximately 12% of 
patients with ITP had positive aPL [11]. In a study from the pediatric 
sphere, 27.5% of patients with ITP were positive for LAC [12]. While 
these epidemiologic descriptions have been reported, clinical practice 
guidelines do not recommend evaluating patients with ITP for aPL due 
to the absence of solid evidence for clinical association in comparison 
with appropriate controls [13,14]. In addition, aPL positivity does not 
typically change the management of ITP except if other criteria of APS 
are satisfied or raised. 

Patients with APS present with thrombocytopenia at frequencies 
ranging between 20% and 40% [10]. The bleeding risk associated with 
thrombocytopenia within the context of APS is typically lower than the 
thrombotic risk. This is supported by reports of higher adjusted Global 
APS Score (aGAPSS) [15] in patients with thrombocytopenia [16]. 
However, it is important to examine this complication closely especially 
that patients with APS are frequently on anticoagulant or antiplatelet 
agents. 

Severe thrombocytopenia (<30 × 109/L) has been reported in 
catastrophic APS (CAPS) [17]. While these patients may not present any 
significant clinical or serological features that can distinguish them from 
APS patients without thrombocytopenia [18], some evidence suggests 
increased risk for thrombosis [13,19]. 

2.1.2. Pathophysiology 
Platelets, neutrophils, endothelial cells, and monocytes are involved 

in the pathogenesis of thrombosis in APS [20]. Circulating platelet- and 
endothelial-derived microparticle levels are elevated in patients with 
APS [21]. In murine models, platelets were found to be the first target 
for circulating anti-b2-GPI-b2-GPI complexes which promote 

endothelial activation [22]. Specific receptors and mediators can play a 
role in the activation of platelets and aPL, potentially leading to 
thrombocytopenia (Table 1). 

it is important to note that, while Table 1 summarizes the proposed 
mechanisms of thrombocytopenia in APS, these have not been clearly 
established or validated. Another mechanism leading to thrombocyto-
penia in APS patients is splenomegaly. Splenomegaly may lead to the 
sequestration of platelet-derived complexes and subsequent thrombo-
cytopenia [23]. In APS patients, splenomegaly can be found without an 
underlying cause such as infections, hematological disorders, portal 
hypertension, or malignancy [23]. Very rarely, the presence of aPL has 
been linked to Evans’ syndrome [24,25], an autoimmune disorder 
characterized by autoimmune hemolytic anemia (AIHA), thrombocy-
topenia, and/or neutropenia [26]. 

2.1.3. Management 
The first step is to confirm that thrombocytopenia is not secondary to 

an alternative etiology such as medications or infection. In most cases, 
thrombocytopenia is usually mild, and thus the bleeding risk is minimal 
with APS treatment [27]. Anticoagulation is considered safe with a 
stable platelet count of >50,000/μL [28]. In the absence of alternative 
etiologies, thrombocytopenia to a level lower than 30,000/μL should 
raise the concern for microangiopathy [28]. 

The treatment of severe thrombocytopenia in patients with APS 
follows principles similar to ITP treatment otherwise [29]. Fig. 2 dis-
cusses the role of ITP therapies in APS. 

2.2. Heparin-induced thrombocytopenia (HIT) 

Patients with APS can rarely develop HIT. aPL can bind to heparin 
[30]. aPL have been identified at the site of vascular injury in systemic 
lupus erythematosus (SLE) [31]. Because of platelet activation, platelet 

Fig. 1. Summary of the non-criteria hematological manifesta-
tions of antiphospholipid syndrome (APS). 
APS: Antiphospholipid syndrome; ITP: Immune thrombocyto-
penia; HIT: Heparin-induced thrombocytopenia; TMA: 
Thrombotic microangiopathy; MAHA: Microangiopathic hem-
atolytic anemia; TTP: Thrombotic thrombocytopenic purpura; 
HUS: Hemolytic uremic syndrome; HELLP: hemolysis, elevated 
liver enzymes, low platelet count; DIC: Disseminated intra-
vascular coagulation; BM necrosis: Bone marrow necrosis.   

G. El Hasbani et al.                                                                                                                                                                                                                            

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Blood Reviews 58 (2023) 101015

3

factor 4 (PF4) could be released [32]. PF4 can bind to heparan sulfate on 
endothelial cells, and this complex could trigger the generation of HIT 
antibodies [32]. The process can definitely be augmented in patients 
treated with heparin [32]. Conversely, HIT antibodies can lead to the 
generation of aPL. HIT antibodies cause vascular damage and a config-
urational change in the membrane phospholipids of endothelial cells 
which can lead to the production of antibodies to such phospholipids 
[32]. HIT in APS requires anticoagulation. Non-heparin anticoagulants 
are recommended [32]. The choice of anticoagulant remains debatable, 
with case reports supporting the use of direct thrombin inhibitors 
(bivalirudin) [33]. 

3. Bleeding 

Although thrombosis is a classical clinical manifestation in APS, 
major bleeding occurs in 10% of patients [34]. The risk of bleeding is 
increased by certain patient characteristics including renal impairment 
and old age [35]. 

APS bleeding can occur inside the organs, such as diffuse alveolar 
hemorrhage and adrenal hemorrhage. Diffuse alveolar hemorrhage is 
the result of inflammation and necrosis of the pulmonary circulation 
with a resulting hemorrhage [36,37]. Despite being very rare in the 
context of APS [38], the frequency can reach about 10% in CAPS [39]. 
Some of the proposed mechanisms for diffuse alveolar hemorrhage in 
APS concentrate on the activation of L-ficolin, an innate protein, which 
in turn activates the lectin pathway of complement in the lung tissue 
[40]. In addition, the activation of systemic inflammatory response 

syndrome can result in cytokine activation leading to acute lung 
inflammation via increasing neutrophil migration which can result in 
the loss of the integrity of the alveolar capillary basement membrane, 
thus permitting subsequent extravasation of red blood cells into the 
alveoli [37,41]. High-dose corticosteroids are the mainstay of the ther-
apy during the acute period [35]. Cyclophosphamide or rituximab-based 
regimens have also around 50% remission rates based on case reports 
and case series [40]. 

Adrenal insufficiency due to adrenal hemorrhage in APS has been 
reported. Around one third of patients with APS developing adrenal 
hemorrhage are in a catastrophic phase [42]. The triggers for adrenal 
hemorrhage in APS include surgical procedures, infections, trauma, and 
warfarin withdrawal [42]. The main mechanism is related to the 
thrombotic risk. Since there is a limited venous drainage of the adrenal 
gland by a single vein, there is an increased risk of the development of 
adrenal vein thrombosis and hemorrhagic infarction [43]. Because of 
adrenal insufficiency, patients with adrenal hemorrhage should receive 
intravenous hydrocortisone promptly [35]. Notably, antithrombotic 
therapy should be maintained as much as possible [35]. Major bleeding 
can contribute to precipitating CAPS, especially if the anticoagulation is 
held for a prolonged period of time [35]. The combination of plasma 
exchange and/or IVIG can be added as a rescue therapy, especially in the 
setting of CAPS [44]. 

One of the rare APS-associated entities that can lead to life threat-
ening bleeding complications is lupus anticoagulant- 
hypoprothrombinemia syndrome (LAHPS), which is characterized by 
an acquired factor II deficiency in the setting of LAC [45,46]. Non- 
neutralizing antibodies against prothrombin are the key in the patho-
genesis of LAHPS (Fig. 3). The rapid clearance of the antigen-antibody 
complex by the reticuloendothelial system can cause major life threat-
ening bleeding [47]. Early diagnosis of LAHPS is critical as the com-
plications can be fatal. A high index of suspicion should be maintained 
with appropriate evaluation of factor II activity when indicated. 

Corticosteroids, which tend to decrease the clearance of the 
prothrombin-antiprothrombin antibody complexes, are the mainstay of 
treatment in LAHPS [35]. The dilemma lies in the fact that patients with 
LAHPS are at an increased risk for both thrombosis and bleeding. 
Therefore, the use of long term anticoagulation is debatable. 

4. Thrombotic microangiopathic syndromes 

4.1. Thrombotic thrombocytopenic purpura (TTP) 

Differentiating between TTP and APS is a clinical challenge. While 
TTP occurs in the context of occlusive microangiopathy, APS thrombotic 
complications involve all vessel sizes. The presence of autoantibodies to 
a disintegrin-like and metalloprotease with thrombospondin type I 
motif, member 13 (ADAMTS13) is essential for the development of 
microthrombosis in TTP [48]. 

Patients with APS can possess antibodies to ADAMTS13, despite that 
no specific aPL targets ADAMTS13 [48]. Nevertheless, patients with APS 
can have a decreased renal clearance of von Willebrand factor (vWF) 
[48]. Therefore, TTP can be induced by aPL. After the development of 
antibodies against ADAMTS13, a lack of metalloprotease activity within 
the vasculature, leads to lack of regulation of the clotting cascade and 
resultant clots within small vessels [49]. 

Plasmapheresis and steroids should be rapidly administered once 
TTP, with or without APS, is suspected [50]. In the patient presenting 
with neurological symptoms and thrombocytopenia, checking both 
antiphospholipid antibodies and ADAMTS13 activity should be pursued 
until the entities of CAPS and TTP are excluded [51]. 

4.2. Hemolytic uremic syndrome (HUS) 

Among thrombotic microangiopathic syndromes in adults, HUS has 
been reported to be the most commonly occurring disorder in the setting 

Table 1 
Common receptors and mediators that can lead to thrombocytopenia by inter-
action with platelets and anti-β2-GPI-β2-GPI complexes.  

Receptor or 
mediator 

Result of aPL interaction Effect on platelets 

TLR-2 
(Receptor) 

Increased protein levels of 
the activated TLR 
transduction protein (IL-1 
receptor-associated kinase 1) 
leading to monocyte 
activation [106] 

Accumulation of oxidized 
phospholipids leading to platelet 
hyperreactivity and aggregation 
[107] 

TLR-4 
(Receptor) 

Generation of intracellular 
signal transduction pathway 
induces activation of 
peritoneal macrophages and 
VECs [108] 

Lipopolysaccharide-induced 
thrombocytopenia and platelet 
accumulation in the liver and lung 
[109–111] 

Annexin A2 
(Receptor) 

Cross linking of β2GPI/anti- 
β2GPI antibodies and anti- 
annexin A2 antibodies leads 
to endothelial cell activation 
[112] 

Inhibition of aggregation [113] 

Gp Ibα 
(Receptor) 

Activation of platelets 
releases procoagulant factors 
[114] 

Adherence to thrombin and 
platelet recruitment to the 
involved site with subsequent 
consumption [115] 

LRP-8 
(Receptor) 

Activation of platelets with 
induction of thomboxane A2 
synthesis [116] 

Modulate activation in vitro and 
thrombosis in vivo via 
apolipoproteins [117] 

vWF 
(Mediator) 

Binding causes more release 
of vWF especially from 
human umbilical vein 
endothelial cells providing a 
nidus for the formation of 
thrombi [118] 

Formation of a reduced number of 
platelets by megakaryocytes, 
ectopic release of platelets in the 
bone marrow, and increased 
clearance of platelet/vWF 
complexes [119] 

ApoER2’ 
(Receptor) 

Increased release of PP2A, a 
procoagulant [120] 

Platelet activation with release of 
thromboxane A2 [116] 

Fcγ-receptor 
IIa 

Increased risk of thrombosis, 
unclear mechanism [121] 

Aggregation via integrin αIIbβ3 
activation and P-selectin surface 
expression [122] 

TLR-2: Toll-like receptors 2; TLR-4: Toll-like receptors 4; A-2: Annexin-2; Gp Ibα: 
Glycoprotein Ibα; LRP-8: Low-density lipoprotein receptor-related protein 8; 
vWF: von Willebrand Factor; VECs: Vascular endothelial cells; ApoER2’: 
Apolipoprotein E receptor 2′; PP2A: Phosphatase 2A. 
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of aPL [52]. aPL were found in sera of patients with diarrhea-associated 
adult HUS [53]. Very rarely, aPL can be present in pediatric patients 
with atypical HUS [54]. Fatality has been reported among APS patients 
with HUS [52]. 

Plasma from patients with adult HUS has demonstrated apoptosis of 
microvascular endothelial cells [55]. Endothelial damage results in 
widespread release of unusually large vWF multimers ultimately causing 
platelet aggregation and thrombosis [56]. Relatively recent data suggest 
that anti-b2GPI antibodies from patients with APS activate complement 
– an event associated with thrombosis in APS. In addition, most patients 
with CAPS have underlying complement regulatory gene variants pre-
disposing to increased complement activity, thrombosis, and organ 
failure [57]. 

It is important to differentiate between HUS, TTP, and CAPS 
(Table 2). 

Fig. 2. Summary of the role of common treatments used for immune thrombocytopenia (ITP) and their indications in antiphospholipid syndrome (APS) [95–103]. 
Created with BioRender®. 

Fig. 3. Proposed mechanism for lupus anticoagulant-hypoprothrombinemia 
syndrome [104,105]. 

Table 2 
Similarities and differences between hemolytic uremic syndrome (HUS), 
thrombotic thrombocytopenic purpura (TTP), and catastrophic anti-
phospholipid syndrome (CAPS).  

Parameters HUS TTP CAPS 

Thrombocytopenia Marked Marked Variable (mild to severe) 
Schistocytes Marked Marked Rare or absent 
aPTT Normal Normal Elevated 
aPL +/− +/− Significantly elevated 
Plasma activity of ADAMTS 13 Normal Decreased Normal 
Preceding bacterial infection + – +/−

aPTT: Activated partial thromboplastin time; aPL: Antiphospholipid antibodies; 
ADAMTS 13: A disintegrin and metalloproteinase with thrombospondin type 1 
motif, 13. 
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4.3. HELLP syndrome (hemolysis, elevated liver enzymes, low platelet 
count) 

Pre-eclampsia complicates around 8% of all pregnancies and is a 
major contributor to maternal mortality worldwide [58]. HELLP syn-
drome complicates around 10 to 20% of severe pre-eclampsia cases 
[58]. Despite the paucity of data, a relationship has been reported be-
tween HELLP and aPL, in particular CAPS. 

The interplay between aPL and endothelial cells may explain the 
occurrence with HELLP. Insufficient migration of trophoblast in the 
spiral arteries associated with aPL have been reported [59]. aPL may 
reduce the amount of annexin V in the trophoblasts and the production 
of prostacycline, leading to reduced fibrinolysis and therefore induction 
of resistance to activated protein C [59]. The resulting hypercoagulable 
state and placental spiral artery vasculopathy may be associated with 
pre-eclampsia and HELLP syndrome through a mechanism of placental 
insufficiency [60]. 

The presence of aPL in HELLP has been described as a poor prog-
nostic indicator [61]. Certain non-criteria clinical manifestations of APS 
have been reported in the context of aPL-positive HELLP. For example, 
APS nephropathy progressing to renal failure requiring dialysis has been 
described [62]. 

The treatment protocol of HELLP in the context of positive aPL has 
not been fully established yet. Symptomatic treatment for hypertension, 
platelet transfusion, and magnesium sulfate, routinely used in pre- 
eclampsia, may be useful in aPL positive HELLP [63]. Anticoagulation 
with oral, intravenous, and subcutaneous anticoagulants has been used 
[63]. Typically, therapeutic plasma exchange has no benefit in patients 
with HELLP. The mainstay of therapy for HELLP occurring during 
pregnancy remains delivery. Therapy with heparin and aspirin may 
prevent obstetric complications in subsequent pregnancies. 

4.4. Other thrombotic microangiopathies 

APS leads to noninflammatory occlusion of renal blood vessels which 
may lead to renal ischemia or thrombotic microangiopathy involving 
the glomeruli, which are non-overt thrombotic events. Thrombotic 
microangiopathy is histologically characterized by vessel wall abnor-
malities leading to microvascular thrombosis. The diagnosis is typically 
made on a renal biopsy specimen. Patients with APS and thrombotic 
microangiopathies tend to have higher frequency of arterial events than 
APS without thrombotic microangiopathies [64]. In CAPS associated 
with thrombotic microangiopathy, large vessels are typically involved 
[65]. The pathophysiology of APS-related thrombotic microangiopathy 
has been linked to complement activation [66]. Patients with throm-
botic microangiopathy in the glomeruli or thrombosis in larger vessels 
should be treated with anticoagulation to avoid irreversible and 
potentially fatal vascular damage. The use of eculizumab has been re-
ported in the setting of preventing recurrent thrombotic episodes in 
patients with APS as complement activation is one of the critical 
mechanisms of thrombosis [67]. While anecdotally beneficial, evidence 
for eculizumab based on prospective or large retrospective studies is 
lacking. 

5. Autoimmune hemolytic anemia (AIHA) 

The clinical significance of the relationship between autoimmune 
hemolytic anemia (AIHA) and APS or aPL positivity is yet to be estab-
lished. aPL positivity seems to be associated with an increased risk of 
AIHA, especially with LAC, IgM aCL, and IgM anti-b2GP1 [68]. 
Although the mechanism of AIHA in APS remains unclear, the presence 
of several autoantibodies directed against red blood cell surface cell 
membrane structures can explain the manifestations [68]. 

Notably, AIHA has been more reported with secondary APS rather 
than primary APS [69,70]. Patients with AIHA and positive aPL are at a 
higher risk of developing systemic lupus erythematosus [71]. 

Furthermore, these patients are prone to developing myocardial in-
farctions [71]. Other manifestations that can be seen in AIHA patients 
with positive aPL, despite being rare, include livedo reticularis, chorea, 
intrauterine growth restriction, or pregnancy toxemia [71]. 

6. Other causes of anemia 

6.1. Iron deficiency 

Comparing a group of APS patients to healthy individuals, iron 
deficiency was more common among APS [72]. The etiologies of this 
finding were attributed to significant reduction in folic acid and vitamin 
C intake as well as malabsorption of iron [72]. The role of reactive ox-
ygen species may also be one explanation for low vitamin C in APS [73]. 

The assessment of iron deficiency in patients with APS can be chal-
lenging. Hyperferritinemia is more common among patients with APS 
than healthy individuals, especially among patients with CAPS [74]. 
Therefore, ferritin alone would not be a good indicator of iron deficiency 
in APS. 

6.2. Vitamin B12 deficiency 

In line with data data in SLE, hyperhomocysteinemia is present 
among secondary APS patients [75]. Homocysteine levels were found to 
be elevated in obstetric and thrombotic APS [76]. Elevation in homo-
cysteine levels has been reported to be associated with an increased risk 
for a major thromboembolic event in APS [77]. On the contrary, recent 
pieces of evidence suggest that the rate of thrombotic events, throm-
bocytopenia, seizures, and livedo reticularis are not significantly 
different between APS with vitamin B12 deficiency and without vitamin 
B12 deficiency [78]. 

7. Special conditions 

7.1. Philadelphia-negative myeloproliferative neoplasms 

7.1.1. Polycythemia vera (PV) and essential thrombocythemia (ET) 
The co-existence of APS or aPL and PV is rarely reported. The 

pathophysiological basis for such an occurrence remains unknown. The 
JAK2 V617F mutation, frequently found in PV [79], has been linked to 
thrombosis via neutrophil extracellular traps (NETs), a mechanism 
linked to APS [80,81]. Anticoagulation with vitamin K antagonist or 
direct oral anticoagulants could be considered [82]. 

As in PV, limited data is present on the occurrence of ET in APS 
patients. Interestingly, there is a propensity for such patients to have 
recurrent thrombotic events [82]. One explanation for that is the release 
of negative charge on platelet phospholipid membranes which allows 
b2GP1 to bind to such membranes, exposing epitopes for aPL subtypes 
[83]. 

An important consideration for a co-existing PV/ET and APS is the 
bleeding risk as the treatment of PV/ET can be an antiplatelet agent such 
as aspirin and the treatment of APS is anticoagulation. Additionally, in 
ET, patients with significant thrombocytosis may develop a clinical 
picture of acquired von Willebrand syndrome. Bleeding events might 
include bilateral adrenal hemorrhage and hematuria [82]. 

7.1.2. Myelofibrosis 
The co-occurrence of primary MF and APS is still rarely reported 

(Table 3). The autoimmune mechanism of MF involving hypo-
complementemia hints towards a possible association with APS, espe-
cially secondary APS [84]. Autoimmune myelofibrosis is a non- 
hematologic cause of bone marrow fibrosis, and it typically responds 
to immunosuppression targeted at treating the underlying autoimmune 
disorder, specifically APS in this situation. Autoimmune MF has been 
reported in aPL positive SLE patients treated with glucocorticoids 
[85,86]. For CAPS, MF has been reported as a long-term fatal outcome 
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[87]. It may be challenging for the clinician to discern primary MF from 
autoimmune MF without longitudinal follow-up. 

7.2. Leukemias 

Antiphospholipid antibodies have been reported in the context of 
hematological malignancies [88]. Interestingly, patients with chronic 
myelomonocytic leukemia (CMML) can rarely develop CAPS in the long 
term [89]. The predisposing mechanism involves a release of aPL by the 
malignant cells themselves leading to thrombosis [89]. Patients with 
CMML and positive aPL are prone to multiple thrombotic episodes, and 
glucocorticoids may be needed as part of the treatment regimen [89]. 
We mention aPL positivity and clinical APS here in the context of leu-
kemias in an attempt to be as comprehensive as possible. It is difficult to 
establish a strong association, let alone causality, based on case reports 
and series. 

7.3. Thalassemia 

The data on thalassemia and APS is dependent on the serotype of 
aPL. For example, LAC prevalence ranges from 0 to 25.8% on a single 
screening test without confirmation among polytransfused thalassemia 
patients [90]. Intracranial bleeds and cerebral infarctions have been 
reported as complications [90]. As for aCL, it can be present in trans-
fusion dependent thalassemia patients but at low titers not causing any 
thrombotic or bleeding complications [91]. Nevertheless, hepatitis C 
positive thalassemia patients are more likely to be aCL or b2GPI positive 
but without increased risk of APS complications [91,92]. 

When compared to transfusion dependent thalassemia, the preva-
lence of aPL among non-transfusion dependent thalassemia pediatric 
patients is higher [93]. The reduction of the amount of phosphati-
dylserine surface exposing the red blood cell by blood transfusions might 
explain the lower prevalence of aPL in transfusion dependent thalas-
semia [94]. 

8. Conclusions and future directions 

While thrombosis is the hallmark of APS, the practicing hematolo-
gist, rheumatologist, and internist should be mindful of other non- 
criteria hematological manifestations of the disease. Thrombocyto-
penia is frequently found in APS and, unless profound, typically requires 
no intervention. Profound thrombocytopenia, via platelet surface-b2 
GPI-aPL interaction, may complicate APS treatment and increase the 
risk of bleeding. Corticosteroids and IVIG remain the treatment of 
choice, with consideration of immunosuppressive agents especially rit-
uximab, particularly in the context of CAPS. Heparin-induced throm-
bocytopenia has been also reported in APS through endothelial damage, 
with therapeutic options including an array of non-heparin anticoagu-
lants despite the scarcity of prospective data. Bleeding has been also 
reported in APS and CAPS. Internal organ hemorrhage has been linked 
to prolonged anticoagulation use in APS. It is important to keep in mind 
the necessity to hold anticoagulation for the shortest duration possible 
as prolonged periods off anticoagulation may contribute to precipitating 
CAPS. Hemolysis in APS can mimic CAPS. Clinical history, cell counts, 
coagulation profile, and levels of ADAMTS-13 can allow differentiation 
between CAPS, other TMA, and hemolytic diseases. In a nutshell, the 
hematological manifestations of APS go beyond thrombosis, may be 
associated with significant morbidity and mortality, and should be 
promptly identified to minimize long-term repercussions. 

Practice points  

- Antiphospholipid syndrome can be complicated by certain non- 
thrombotic manifestations which have different treatment ap-
proaches than thrombosis.  

- -When no obvious cause is present, antiphospholipid antibodies can 
be taken into consideration when assessing thrombocytopenia, 
autoimmune hemolytic anemia, and microangiopathies. 

Research agenda  

- Assessing thrombocytopenia as a clinical criterion for the diagnosis 
of antiphospholipid syndrome.  

- Determining and predicting the exact incidence and prevalence of 
different non-thrombotic manifestations in antiphospholipid 
syndrome.  

- Evaluating the role of antiphospholipid antibodies in Philadelphia- 
negative myeloproliferative neoplasms and autoimmune hemolytic 
anemia. 
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[19] Demetrio Pablo R, Muñoz P, López-Hoyos M, Calvo V, Riancho L, Martínez- 
Taboada VM. Thrombocytopenia as a thrombotic risk factor in patients with 
antiphospholipid antibodies without disease criteria. Med Clin (Barc) 2017;148: 
394–400. 

[20] Chaturvedi S, McCrae KR. Diagnosis and management of the antiphospholipid 
syndrome. Blood Rev 2017;31:406–17. 

[21] Breen KA, Sanchez K, Kirkman N, Seed PT, Parmar K, et al. Endothelial and 
platelet microparticles in patients with antiphospholipid antibodies. Thromb Res 
2015;135:368–74. 

[22] Proulle V, Furie RA, Merrill-Skoloff G, Furie BC, Furie B. Platelets are required for 
enhanced activation of the endothelium and fibrinogen in a mouse thrombosis 
model of APS. Blood 2014;124:611–22. 

[23] Cikrikcioglu MA, Hursitoglu M, Erkal H, Inan B, Ozturk T, et al. Splenomegaly in 
primary antiphospholipid syndrome without accompanying portal hypertension 
or comorbidity. Pathophysiol Haemost Thromb 2010;37:104–9. 

[24] Avcin T, Jazbec J, Kuhar M, Zupancic M, Rozman B. Evans syndrome associated 
with antiphospholipid antibodies. J Pediatr Hematol Oncol 2003;25:755–6. 

[25] Zarza J, Von Horoch J, Aguayo N, Baez E. Evans syndrome associated with 
antiphospholipid antibodies in a patient with SARS-COV-2 infection. Hematol 
Transfus Cell Ther 2020;42:309–12. 

[26] Audia S, Grienay N, Mounier M, Michel M, Bonnotte B. Evans’ syndrome: from 
diagnosis to treatment. J Clin Med 2020;9. 

[27] Artim-Esen B, Diz-Kucukkaya R, Inanc M. The significance and management of 
thrombocytopenia in antiphospholipid syndrome. Curr Rheumatol Rep 2015;17: 
14. 

[28] Vreede AP, Bockenstedt PL, McCune WJ, Knight JS. Cryptic conspirators: a 
conversation about thrombocytopenia and antiphospholipid syndrome. Curr Opin 
Rheumatol 2019;31:231–40. 

[29] Neunert C, Lim W, Crowther M, Cohen A, Solberg Jr L, et al. The American 
Society of Hematology 2011 evidence-based practice guideline for immune 
thrombocytopenia. Blood 2011;117:4190–207. 

[30] Shibata S, Harpel PC, Gharavi A, Rand J, Fillit H. Autoantibodies to heparin from 
patients with antiphospholipid antibody syndrome inhibit formation of 
antithrombin III-thrombin complexes. Blood 1994;83:2532–40. 

[31] Pengo V, Biasiolo A, Fior MG. Binding of autoimmune cardiolipin-reactive 
antibodies to heparin: a mechanism of thrombosis? Thromb Res 1995;78:371–8. 

[32] Hoppensteadt DA, Walenga JM. The relationship between the antiphospholipid 
syndrome and heparin-induced thrombocytopenia. Hematol Oncol Clin North Am 
2008;22(1–18):v. 

[33] Ibrahim W, Nakia H, Stephen M, Bruce S, Bryan W, William P. A patient with 
remote heparin-induced thrombocytopenia and antiphospholipid syndrome 
requiring cardiopulmonary bypass: do current guidelines apply? Semin 
Cardiothorac Vasc Anesth 2019;23:256–60. 

[34] Cervera R, Serrano R, Pons-Estel GJ, Ceberio-Hualde L, Shoenfeld Y, et al. 
Morbidity and mortality in the antiphospholipid syndrome during a 10-year 

period: a multicentre prospective study of 1000 patients. Ann Rheum Dis 2015; 
74:1011–8. 

[35] Pazzola G, Zuily S, Erkan D. The challenge of bleeding in antiphospholipid 
antibody-positive patients. Curr Rheumatol Rep 2015;17:7. 

[36] Lara AR, Schwarz MI. Diffuse alveolar hemorrhage. Chest 2010;137:1164–71. 
[37] Krause ML, Cartin-Ceba R, Specks U, Peikert T. Update on diffuse alveolar 

hemorrhage and pulmonary vasculitis. Immunol Allergy Clin North Am 2012;32: 
587–600. 

[38] Stoots SA, Lief L, Erkan D. Clinical insights into diffuse alveolar hemorrhage in 
antiphospholipid syndrome. Curr Rheumatol Rep 2019;21:56. 

[39] Bucciarelli S, Espinosa G, Cervera R, Erkan D, Gomez-Puerta JA, et al. Mortality 
in the catastrophic antiphospholipid syndrome: causes of death and prognostic 
factors in a series of 250 patients. Arthritis Rheum 2006;54:2568–76. 

[40] Cartin-Ceba R, Peikert T, Ashrani A, Keogh K, Wylam ME, et al. Primary 
antiphospholipid syndrome-associated diffuse alveolar hemorrhage. Arthritis 
Care Res (Hoboken) 2014;66:301–10. 

[41] Espinosa G, Cervera R, Font J, Asherson RA. The lung in the antiphospholipid 
syndrome. Ann Rheum Dis 2002;61:195–8. 

[42] Ramon I, Mathian A, Bachelot A, Hervier B, Haroche J, et al. Primary adrenal 
insufficiency due to bilateral adrenal hemorrhage-adrenal infarction in the 
antiphospholipid syndrome: long-term outcome of 16 patients. J Clin Endocrinol 
Metab 2013;98:3179–89. 

[43] Anson BJ, Cauldwell EW, et al. The blood supply of the kidney, suprarenal gland, 
and associated structures. Surg Gynecol Obstet 1947;84:313–20. 

[44] Espinosa G, Santos E, Cervera R, Piette JC, de la Red G, et al. Adrenal involvement 
in the antiphospholipid syndrome: clinical and immunologic characteristics of 86 
patients. Medicine (Baltimore) 2003;82:106–18. 

[45] Mazodier K, Arnaud L, Mathian A, Costedoat-Chalumeau N, Haroche J, et al. 
Lupus anticoagulant-hypoprothrombinemia syndrome: report of 8 cases and 
review of the literature. Medicine (Baltimore) 2012;91:251–60. 

[46] Reddy S, Friend S, Quintana D, Lockhart EL. Early detection of lupus 
anticoagulant-hypoprothrombinemia syndrome by rotational 
thromboelastometry. Blood 2015;126:4699. 

[47] Erkan D, Bateman H, Lockshin MD. Lupus anticoagulant-hypoprothrombinemia 
syndrome associated with systemic lupus erythematosus: report of 2 cases and 
review of literature. Lupus 1999;8:560–4. 

[48] Austin SK, Starke RD, Lawrie AS, Cohen H, Machin SJ, Mackie IJ. The VWF/ 
ADAMTS13 axis in the antiphospholipid syndrome: ADAMTS13 antibodies and 
ADAMTS13 dysfunction. Br J Haematol 2008;141:536–44. 

[49] Hanna RM, Hanna M, Larson B, Lopez EA, Wilson J, Hendifar AJJoO-N. 
Thrombotic Microangiopathy due to Catastrophic Antiphospholipid Antibody 
Syndrome Confirmed on Skin Biopsy and Treated with Eculizumab1; 2017. 
p. e1–7. 

[50] Scully M, Hunt BJ, Benjamin S, Liesner R, Rose P, et al. Guidelines on the 
diagnosis and management of thrombotic thrombocytopenic purpura and other 
thrombotic microangiopathies. Br J Haematol 2012;158:323–35. 

[51] Viner M, Murakhovskaya I. A rare combination of thrombotic thrombocytopenic 
purpura and antiphospholipid syndrome. Blood Coagul Fibrinolysis 2017;28: 
411–5. 

[52] Espinosa G, Bucciarelli S, Cervera R, Lozano M, Reverter JC, et al. Thrombotic 
microangiopathic haemolytic anaemia and antiphospholipid antibodies. Ann 
Rheum Dis 2004;63:730–6. 

[53] Ardiles LG, Olavarria F, Elgueta M, Moya P, Mezzano S. Anticardiolipin 
antibodies in classic pediatric hemolytic-uremic syndrome: a possible pathogenic 
role. Nephron 1998;78:278–83. 

[54] Shiari R, Parvaneh VJ, Dalirani R, Farivar S, Shiva MR. Atypical hemolytic- 
uremic syndrome associated with antiphospholipid antibodies and 
antiphospholipid syndrome; a novel presentation. Pediatr Rheumatol 2014;12: 
P363. 

[55] Mitra D, Jaffe EA, Weksler B, Hajjar KA, Soderland C, Laurence JJB, et al. 
Thrombotic Thrombocytopenic Purpura and Sporadic Hemolytic-Uremic 
Syndrome Plasmas Induce Apoptosis in Restricted Lineages of Human 
Microvascular Endothelial Cells89; 1997. p. 1224–34. 

[56] Yamazaki S, Taki M, Yasumuro Y, Takayama S, Miyake F, et al. Von Willebrand 
factor-cleaving protease activity in patients of collagen disease with 
antiphospholipid antibodies. Rinsho Byori 2002;50:301–7. 

[57] Chaturvedi S, Braunstein EM, Yuan X, Yu J, Alexander A, et al. Complement 
activity and complement regulatory gene mutations are associated with 
thrombosis in APS and CAPS. Blood 2020;135:239–51. 

[58] Coolman M, de Groot CJ, Jaddoe VW, Hofman A, Raat H, Steegers EA. Medical 
record validation of maternally reported history of preeclampsia. J Clin 
Epidemiol 2010;63:932–7. 

[59] Asherson RA, Pierangeli S, Cervera R. Microangiopathic antiphospholipid- 
associated syndromes revisited new concepts relating to antiphospholipid 
antibodies and syndromes. J Rheumatol 2007;34:1793–5. 

[60] Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia. Lancet 
2010;376:631–44. 
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