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Intravascular hemolysis can occur in a  number of diseases,

including sepsis, malaria and the  hemolytic anemias [sickle

cell disease (SCD), paroxysmal nocturnal hemoglobinuria,

etc.], as well as following certain events such as mismatched

transfusions. The pathophysiological significance of intravas-

cular hemolysis had been largely ignored in  diseases such

as SCD save for its effect on red cell numbers, however, rel-

atively recent studies have shed light on the major effects

that hemolytic processes have on vascular biology, particularly

on the endothelium, inflammatory processes and oxidative

stress.

Under normal circumstances, hemoglobin (Hb) is con-

tained in the red blood cells (RBCs), and employed primarily

for oxygen transport. However, the destruction of RBC (i.e.

hemolysis) results in the release of Hb into the circulation.

If this hemoglobin is not neutralized immediately into less

toxic metabolites by specialized scavenger proteins, such as

haptoglobin and hemopexin, as can occur when extensive

hemolysis overwhelms innate protective mechanisms, this

cell-free Hb causes chaos.1 The potential extent of this dam-

age was perhaps first recognized when Reiter et al.2 showed

that the decompartmentalization of Hb into the plasma

significantly impairs vascular nitric oxide (NO) bioavailabil-

ity, potentially facilitating vasoconstriction and alterations
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in  blood flow, as  well as  inducing endothelial dysfunction

and platelet activation.3,4 While the contribution of hemol-

ysis and subsequent NO depletion to  manifestations of SCD,

such as  pulmonary hypertension, has been disputed,5 more

recent evidence has highlighted the significant effects that

intravascular hemolysis has on inflammatory processes. The

induction of acute hemolytic events in C57BL/6 mice (using

intravenous water injections, resulting in plasma levels of cell-

free Hb that were similar to  those seen in mice with SCD) was

found to induce a rapid and extensive systemic and vascu-

lar inflammatory response (within 15  min). This is  possibly

mediated by vascular NO consumption, and leads to extensive

systemic inflammation (Figure 1) and leukocyte recruitment

to the blood vessels.6 Given the evidence that inflammation

and leukocyte adhesion to the endothelium can initiate and

propagate vaso-occlusive processes,7,8 it is  reasonable to con-

clude that vascular inflammatory processes that are triggered

by acute intravascular hemolytic events may  be of pathophy-

siological significance in SCD as well as in  the other diseases

or medical events in which they occur.

Once oxyhemoglobin has reacted with NO in the  blood

vessel, Hb-Fe3+ is  formed and can accumulate both in the cir-

culation and in tissues.9 In a  secondary Hb-mediated toxic

mechanism, Hb-Fe3+ releases damaging hemin, a hydrophobic
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Figure 1 – Quantification of systemic inflammation in vivo using the IVIS Lumina System® (Caliper LifeSciences, MA).

Images obtained 15 min  after intravenous injections of saline or water (150 �L) in C57BL/6 mice and a  chimeric sickle cell

disease mouse. A chemiluminescent probe (XenoLight Rediject Inflammation Probe; Perkin Elmer, MA)  was  injected in the

mouse to quantify myeloperoxidase production of activated phagocytes and neutrophils. Similar data were  originally

reported in reference 6.

molecule shown to induce neutrophil extracellular trap (NET)

production, stimulate inflammasome formation and cause

toll-like receptor (TLR)-4-mediated vaso-occlusion in mice

with SCD, as well as  lipoprotein oxidation.10–13 These sec-

ondary inflammatory and oxidative effects of hemin appear

to occur in a  less immediate,6 but probably more  sustained

manner, causing tissue damage and endothelial dysfunction,

as well as sustaining leukocyte activation in the  blood vessels.9

Hemolysis, therefore, represents a  major disease mecha-

nism and failure to  neutralize Hb after its release from the RBC

can result in vascular inflammation and organ dysfunction,

potentially contributing to  clinical complications that have

been associated with hemolytic diseases, such as  priapism,

pulmonary hypertension and leg ulcers.14

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgments

The authors are grateful to Lucas Eduardo Botelho de Souza

and Prof. Dr. Dimas Tadeu Covas for assistance with IVIS

experiments depicted herein. The IVIS experiments were

funded by FAPESP (grants 2008/50582-3; 11/50959-7 [CBA]).

r e  f  e  r  e n c e  s

1. Schaer DJ, Vinchi F,  Ingoglia G, Tolosano E, Buehler PW.

Haptoglobin, hemopexin, and related defense pathways-basic

science, clinical perspectives, and drug development. Front

Physiol. 2014;5:415.

2. Reiter CD, Wang X,  Tanus-Santos JE, Hogg N,  Cannon RO 3rd,

Schechter AN, et al. Cellfree hemoglobin limits nitric oxide

bioavailability in sickle-cell disease. Nat Med.

2002;8(12):1383–9.

3. Gladwin MT, Crawford JH, Patel RP. The biochemistry of nitric

oxide, nitrite, and hemoglobin: role in blood flow regulation.

Free Radic Biol Med. 2004;36(6):707–17.

4. Helms CC, Marvel M, Zhao W,  Stahle M, Vest R, Kato GJ, et al.

Mechanisms of hemolysis-associated platelet activation. J

Thromb  Haemost. 2013;11(12):2148–54.

5. Bunn HF, Nathan DG, Dover GJ, Hebbel RP, Platt OS, Rosse WF,

et al. Pulmonary hypertension and nitric oxide depletion in

sickle cell disease. Blood. 2010;116(5):687–92.

6. Almeida CB, Souza LE, Leonardo FC, Costa FT, Werneck CC,

Covas DT, et al. Acute hemolytic vascular inflammatory

processes are prevented by  nitric oxide replacement or a

single dose of hydroxyurea. Blood. 2015;126(6):

711–20.

7. Turhan A, Weiss LA, Mohandas N, Coller BS, Frenette PS.

Primary role for adherent leukocytes in sickle cell  vascular

occlusion: a  new paradigm. Proc Natl Acad Sci U S  A.

2002;99(5):3047–51.

http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0075
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0080
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0085
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0090
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0095
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0100
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0105


rev bras hematol hemoter. 2  0 1 6;3 8(1):55–57 57

8. Frenette PS. Sickle cell vasoocclusion: heterotypic,

multicellular aggregations driven by leukocyte adhesion.

Microcirculation. 2004;11(2):167–77.

9. Schaer DJ, Buehler PW,  Alayash AI, Belcher JD,  Vercellotti GM.

Hemolysis and free hemoglobin revisited: exploring

hemoglobin and hemin scavengers as a  novel class of

therapeutic proteins. Blood. 2013;121(8):1276–84.

10. Chen G, Zhang D, Fuchs TA, Manwani D, Wagner DD, Frenette

PS.  Heme-induced neutrophil extracellular traps contribute to

the pathogenesis of sickle cell disease. Blood.

2014;123(24):3818–27.

11. Belcher JD, Chen C, Nguyen J, Milbauer L,  Abdulla F, Alayash

AI, et al. Heme triggers TLR4 signaling leading to endothelial

cell activation and vaso-occlusion in murine sickle cell

disease.  Blood. 2014;123(3):377–90.

12. Dutra FF, Alves LS, Rodrigues D, Fernandez PL, de Oliveira RB,

Golenbock DT, et al. Hemolysis-induced lethality involves

inflammasome activation by heme. Proc Natl Acad Sci U S A.

2014;111(39):E4110–8.

13. Schaer DJ, Buehler PW.  Cell-free hemoglobin and its

scavenger proteins: new  disease models leading the way to

targeted therapies. Cold Spring Harb Perspect Med. 2013;3(6),

pii:a013433.

14. Conran N. Intravascular hemolysis: a disease mechanism not

to be ignored. Acta Haematol. 2014;132(1):97–9.

http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0110
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0115
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0120
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0125
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0130
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0135
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140
http://refhub.elsevier.com/S1516-8484(15)00164-4/sbref0140

	Hemolytic vascular inflammation: an update
	Conflicts of interest
	Acknowledgments
	References


