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Sickle Cell Disease SCD
Genetic disease

Red Blood Cell disorder
Complex vascular disorder
◦Micro-vessel disease
◦ Large-vessel disease
◦ Cummulative incidence about 25%
◦ Deep Vein thrombosis
◦ Pulmonary Embolism

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Clinical risk for VTE in SCD (African Americans)

30% lifetime risk for an overt cerebrovascular accident
◦ Increased risk if SS-genotype, high WBC, low HbF
◦ Lower risk (18%) if under RBC transfusions

Risk for VTE in SCD
◦ 2.9% in children
◦ 25% in adults

Blood Adv 2020; 4 (9): 1978-86



Current issues of Sickle Cell Disease SCD
Pathophysiology of SCD
Pathophysiology of thrombosis in SCD
Clinical risk factors
Laboratory risk factors
Genetic risk factors
Guidelines
Take home message

Blood Adv 2020; 4 (9): 1978-86



Pathophysiology of Thrombosis in SCD
Phospatidylserine on the surface of red cells

Tissue factor TF on endothelial cells and circulation
Endothelial dysfunction

Depletion of protein C and S
Circulating activated platelets

Inflammasomes NETs

Blood Adv 2020; 4 (9): 1978-86



patients demonstrate abnormally elevated levels of
intravascular TF that is believed to trigger activation of
coagulation and pathological thrombosis.52-55 Critically,
intravascular TF binding with factor VIIa activates the
extrinsic pathway of coagulation by converting coagula-
tion factor X to Xa and generating thrombin (Figure 3),
which, unchecked, leads to vascular fibrin deposition.
From this perspective, defining the molecular mechanisms
regulating these thrombo-inflammatory processes in SCD
and identifying interventions to counter vascular throm-
bosis is of major relevance.

Cellular components of blood that facilitate
thromboinflammation
Sickle red cells 

That red cells in SCD are likely to be involved in throm-
bus formation is supported by the relationship between
hematocrit and VTE,24 possibly resulting from alterations
in viscosity, adhesive cellular interactions, and microvas-
cular stasis.56,57 Studies of sickle red cells have identified
numerous receptors and ligands that mediate adhesive
interactions with the vessel wall, implicating their role in

Prothrombotic state in sickle cell disease

haematologica | 2020; 105(10) 2371

Figure 1. Sickle hemoglobin (HbS) polymerization, hemolysis and ischemia/reperfusion injury induce chronic inflammation. (A) Primary to sickle cell disease
pathology is polymerization of HbS during red cell deoxygenation that results in sickled red cells and frequent painful vaso-occlusive crises. Hypoxia in the venous
vasculature and valve pockets may worsen sickling mediated hemolysis and venous endothelial injury/inflammation. (B) Repeated sickling and unsickling episodes
lead to intravascular hemolysis and release of free heme that consumes nitric oxide (NO). Sickle RBC also activate neutrophils among other cells, forming hetero
and homotypic aggregates with blood cells that lead to vaso-occlusion in the post capillary venule. Endothelial damage and endothelial surface expression of adhe-
sion and procoagulant molecules leads to transit delays increasing the potential for stasis and further sickling. Damage-associated molecular pattern (DAMP) mol-
ecules (free heme and high mobility group box 1 [HMGB1]) activate of various inflammatory pathways, e.g. NETosis, toll-like receptor (TLR) signaling, innate immune
response and production of reactive oxidative species (ROS) lead to chronic inflammation. Repeated episodes of vaso-occlusive crisis (VOC) leads to ischemia fol-
lowed by reperfusion mediating a well characterized injury response in the vascular endothelium. Figure created with BioRender.com. VCAM1: vascular cell adhesion
molecule 1; EV TF: extracellular vesicle tissue factor; NET: neutrophil extracellular trap.
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Coagulation in SCD
Increased thrombin generation

Role of tissue factor generation
◦Correlates with hemolysis
◦ Focus on endothelial TF
◦ Inhibition of TF attenuates coagulation AND inflammation
◦ Inhibition of FXa attenuates IL-6 Inflammation

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Role of TF in SCD
Whole blood TF

Endothelial cell TF
Monocyte TF

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Thrombin generation in SCD
Related to TF

Thrombin activates EC to express P-Selectin
P-Selectin mediates cell adhesion on EC

MoAbs against P-Selectin ameliorates VOC
Role of fibrinogen
◦ Protects from inflammation ?
◦Buffers thrombin excess ?

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Platelets in SCD
Increased platelet numbers

Circulating activated platelets (P-Selectin, CD40L)
Antiplatelet drugs (Aspirin, Eptifibatid, Prasugrel)
◦ Reduce biomarkers of platelet activation
◦Do not reduce painful crisis
◦Do not reduce VOC

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Microparticles in SCD
Increased RBC, endothelial, platelet, monocyte MPs
◦Contribute to thrombin generation
◦Contribute to inflammation, entrapped heme

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Contact activation of coagulation in SCD
FXI deficiency or inhibition no effect on thrombin generation

FXII deficiency attenuated thrombin generation in mice
Increased thrombin generation in VOC is due to activation of
the contact pathway
Glycated Hb can activate FXII

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279
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Results of pathophysiology triggers in SCD
Ischemia/reperfusion injury due to vasoocclusion
◦Oxidative stress
◦Vascular inflammation

Increased Hemolysis and free heme in circulation
◦ Free hemoglobin and heme
◦Decreased NO bioavailability
◦ Proinflammatory changes of endothelial cells
◦ Respiratory burst of neutrophils, NETs

J Thromb Hemost 2017; 15: 1307-16 // Int J Mol Sci 2020; 21: 5279



Time dynamic of SCD
Most of the time in „steady state“
Periods of accelerated sickling
◦Acute-on-chronic hemolysis
◦Vaso-occlusion crisis VOC
◦Multiorgan damage
◦ SCD nephropathy
◦ Ischemic stroke
◦ Pulmonary hypertension
◦ Cardiac dysfunction
◦ Osteonecrosis

J Thromb Hemost 2017; 15: 1307-16



Vaso-occlusive events
Vaso-occlusion and ischemic tissue damage

Splenic sequestration and infarction
Ischemic stroke

Silent cerebral infarcts



Risk factors for VTE in SCD
Sickle genotypes HbSS and Sβ0-thalassemia
◦ Frequent with HbSS and/or Sβ0-thal
◦ Less with HbSC and/or Sβ+-thal

Female sex

>3 hospital admissions per year
Splenectomy

Presence of indwelling catheters

Blood 2018; 132 (17): 1761-9



Biomarkers of Vaso-occlusive Phenotype
Higher WBC count

Lower HbF level
Older age

Coexisting alpha-thalassemia trait
Iron overload (secondary to transfusions)

Vessel flow resistance related to deoxygenation

Darbari et al. J Pediatr. 2012;160:286–90 // Wood et al. Sci Transl Med. 2012;4:123ra26 



Anticoagulants in SCD
Heparins

Antiplatelet agents
Vitamin K antagonists

Direct oral anticoagulants
Targeted anti-FXII 



ASH Guideline for Treatment of
thromboembolism in SCD as of May 2021
Thrombosis Anticoagulation

First unprovoked VTE Indefinite anticoagulation

First provoked VTE (surgical or non-surgical) Defined antikoagulation 3-6 months
Continue if risk factors persist (e.g. CVL)

Recurrent provoked VTE Indefinite anticoagulation

Regular re-evaluation, shared decision making
Patient values and preferences

Choose anticoagulant according to comorbidities
and bleeding risk

Blood Adv. 2019 Dec 10. 3 (23):3867-3897 



ASH Guideline for primary stroke prevention
in children with SCD as of May 2021
Prevention

Annual transcranial Doppler (TCD) 
screening for children aged 2-16 years
with hemoglobin SS (HbSS) or HbSβ0

thalassemia

Regular blood transfusions for a 
minimum of 1 year for children aged 2-
16 years with HbSS or HbSβ0

thalassemia who have abnormal TCD 
velocities

typically every 3-4 weeks, to maintain
the maximum HbS level below 30% and
the hemoglobin level above 9.0 g/dL

Blood Adv. 2020 Apr 28. 4 (8):1554-1588 



ASH Guideline for stroke treatment in 
children with SCD as of May 2021
Management of suspected or confirmed
ischemic stroke or TIA

Screening for silent cerebral infarcts in children
and adults with HbSS or HbSβ0

Prompt blood transfusion is recommended for
children or adults with SCD who have acute
neurologic deficits, including transient ischemic
attack (TIA) 

At least a one-time magnetic resonance imaging
(MRI) screening, without sedation, is recommended
to detect silent cerebral infarcts in early school-aged
children

For children with HbSS or HbSβ0 thalassemia and a 
history of prior ischemic stroke, blood transfusion
goals for secondary stroke prevention are to
increase the hemoglobin level above 9 g/dL at all 
times and maintain the HbS level at < 30% of total 
hemoglobin until the time of the next transfusion

Blood Adv. 2020 Apr 28. 4 (8):1554-1588 



Drugs in treatment of SCD
Antimetabolites

Analgesics
Antibiotics

Vaccines
Nutritional agents

Other



Other Drugs in treatment of SCD
Glutamine
Voxelotor (HbS polymerization inhibitor)
Crizanlizumab (P-Selectin-Inhibitor)
PDE5-Inhibitors (Sildenafil, Tadalafil)
Endothelin receptor antagonists (Bosentan)
Other experimental HbS polymerization inhibitors
◦ PFE-001, Mitapivat, Etavopivat, IMR-687

Blood Adv. 2020 Apr 28. 4 (8):1554-1588 



Treatment of VTE in SCD
Treatment decisions are extrapolated from guidelines for
VTE management in the general population
Heparin, vitamin K antagonists, and DOACs are all effective
agents in the treatment of VTE in SCD patients
Standard duration of anticoagulation is three months; the
decision to extend anticoagulation must weigh the risk of
recurrent VTE with the risk of major bleeding

Blood 2018; 132 (17): 1761-9
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Front Immunol 2020; 11: 454

Nader et al. Sickle Cell Disease and Inflammation

macrocirculation, the different hemodynamic re-arrangements
between flowing RBC aggregates and single flowing RBCs
create a situation where the width of the cell free layer
close to the vascular wall is larger when RBC aggregates

are flowing, leading to a decrease in wall shear stress,
and reductions in eNOS activation and NO production,
thus impacting on the ability of the vessels to adapt their
diameters (125–127).

FIGURE 1 | The red blood cell—inflammation vicious circle in sickle cell disease. From RBC alterations to oxidative stress, inflammation and endothelial dysfunction:

Sickled RBC are very fragile and prone to hemolyze. Hemolysis leads to the release of heme, iron, Hb and arginase into the plasma, which interfere with the

metabolism/bioavailability of NO: (I) free arginase may hydrolyze the NO precursor Arginine; (II) free Hb scavenges NO at a rate of 1,000-fold faster than Hb

encapsulated in the RBCs; (III) heme and iron increase ROS generation, which lead to the production of peroxynitrite. ROS production is also enhanced by Xanthine

Oxidase activation, caused by the repetition of ischemic/reperfusion events. Decreased NO bioavailability and increased ROS activate endothelial cells, which in turn

express adhesion molecules of both the CAM and Selectin families, promoting cell-cell interactions. Free heme is able to activate endothelial TLR4, which promotes

inflammasome activation and cytokines production through NF-κB activation. Heme may also activate neutrophils, which would release NETs that can also affect

endothelial cells and act as a scaffold for platelets and RBCs. Recent evidence also showed that free heme could stimulate the complement pathway with potential

consequences at the endothelial cell level. From inflammation and oxidative stress to RBC alterations: This pro-inflammatory and pro-oxidative environment, resulting

from sickle RBCs alterations, also impacts on RBC rheology and physiology. Increased ROS production may lower RBC deformability and increase RBC aggregation.

Decreased NO bioavailability could also participate in the decrease of RBC deformability and promote eryptosis. NETs could also promote RBC eryptosis. Circulating

inflammatory molecules, such as ET-1 and TGF-β, may activate RBC NADPH Oxidase, which in turn would produce ROS and further alter RBC. ROS and ET-1 are

known to activate the RBC Gárdos channel, which could favor RBC dehydration and further promote HbS polymerization. The enhanced release of MP by sickled

RBCs could further exacerbate inflammation and oxidative stress. Increased RBC phosphatidylserine exposure may favor the binding of complement proteins at the

surface of RBCs, which can induce their lysis. RBCs also act as a reservoir and/or a sink for pro-inflammatory cytokines/chemokines. IL-8, TNF-α, and RANTES

promote RBC dehydration through Gárdos channel activation in RBCs expressing DARC. IL-8 and RANTES can also lead to the activation of α4β1 integrin in sickle

reticulocytes expressing DARC, contributing to the adhesion of these cells to the endothelium.

Frontiers in Immunology | www.frontiersin.org 7 March 2020 | Volume 11 | Article 454


