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erythematosus flares, trauma and surgery. 
Nevertheless, in almost half the cases, no 
obvious precipitating factors were identi-
fied and CAPS can often occur in patients 
with no previous thrombotic history. 
Treatment usually includes corticosteroids, 
anticoagulation, intravenous immuno-
globulin, and plasma exchange [2,3].

Heparin-induced thrombocytopenia is 
one of the most important life and limb- 
threatening adverse drug events. It is de- 
scribed as an immune disorder associ-
ated with exposure to heparin. It occurs 
in approximately 2% of all patients who 
receive heparin (frequency differs by 
patient population), of whom approxi-
mately 35% develop thrombosis. The 
frequency of developing HIT3 antibod-
ies, namely anti-platelet factor 4, can be 
very high (e.g., up to 40% in post-cardiac 
surgery patients). However, the pres-
ence of HIT antibodies does not neces-
sarily correlate with clinical symptoms. 
Antibodies that are not associated with 
clinical symptoms have been termed 
“non-functional.” However, although 
these might be functional antibodies, not 
all the conditions for the development of 
clinical symptoms have been met. HIT 
antibodies typically remain in circulation 
for 90 days [4-6]. HIT can occur both 
with the use of unfractionated heparin 
and less frequently with low molecular 
weight heparin.

Although they share some clinical 
features (including thrombocytopenia 
and thrombotic events), the association 
of APS with clinically apparent HIT is 
rare. Platelet factor 4 can be a common 
denominator in the pathogenesis of APS 

HIT = heparin-induced thrombocytopenia

i n this issue of IMAJ, Podolak et al. [1] 
describe a patient with antiphospho-

lipid syndrome and a history of cata-
strophic antiphospholipid syndrome who 
developed heparin-induced thrombocy-
topenia. Later, a scheduled kidney trans-
plantation was delayed due to difficulty 
finding a safe and efficient anticoagulant.

CAPS1, a severe variant of APS2, is one 
of the devastating events that can occur 
in rheumatologic emergencies. It is 
characterized by clinical evidence of mul-
tiple organ involvement developing over a 
very short period, with histopathological 
evidence of multiple small vessel occlu-
sions and laboratory confirmation of the 
presence of antiphospholipid antibodies, 
usually at a high titer. Although patients 
with CAPS represent less than 1% of all 
patients with APS, this is usually a life-
threatening condition with 50% mortality.

The most common known trigger for 
CAPS is infection. Other less common 
causes are anticoagulation withdrawal or 
low international normalized ratio, medi-
cations (e.g., oral contraceptives), obstetric 
complications, neoplasia, systemic lupus 

CAPS = catastrophic antiphospholipid 
syndrome
APS = antiphospholipid syndrome

and HIT because PF44 tetramers can bind 
β2-glycoprotein I molecules. Artificially 
dimerized β2GPI5 molecules bind tightly 
to platelet membranes, activating them. It 
was found that PF4 assembled in homotet-
ramers binds two molecules of β2GPI. This 
complex is recognized by anti-β2GPI anti-
bodies and the entire complex is throm-
bogenic in terms of activating platelets, as 
confirmed by p38MAP kinase phosphory-
lation and thromboxane B2 production. 
Of note, PF4/heparin complexes are also 
immunogenic and trigger the production 
of anti-PF4/heparin antibodies, which 
activate platelets (the so-called heparin-
induced thrombocytopenia and thrombo-
sis syndrome). The anti-β2GPI antibodies 
activate platelets by their F(ab)2, while 
the anti-PF4/heparin activates platelets by 
their Fc fragments. Thus, PF4 is a common 
denominator in the pathogenesis of APS 
and HITT6, which share clinical charac-
teristics, such as thrombocytopenia and 
thrombosis [7].

A few studies have investigated the 
presence of anti-PF4 antibodies in pa- 
tients with APS. Satoh et al. [8] investi-
gated the prevalence and clinical cor-
relations of anti-PF4 autoantibodies in 
118 patients with SLE and in 27 with pri-
mary APS [8]. Heparin-dependent and 
independent anti-PF4 antibodies were 
measured with enzyme-linked immu- 
nosorbent assay. Antibody binding was 
confirmed to be heparin-dependent 
when inhibited by the presence of a high 
concentration of heparin. The pres-
ence of pathogenic anti-PF4 antibodies 

PF4 = platelet factor 4
β2GPI = β2-glycoprotein I
HITT = heparin-induced thrombocytopenia 
and thrombosis syndrome

antiphospholipid syndrome (APS), 
catastrophic antiphospholipid 
syndrome (CAPS), heparin-induced 
thrombocytopenia (HIT), anti-platelet 
factor 4 antibodies, direct thrombin 
inhibitor, argatroban, bivalirudin, 
fondaparinux, danaparoid
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was assessed by serotonin-release assay. 
Heparin-dependent anti-PF4 antibodies 
were detected in 11 patients with SLE 
(9%). In serotonin-release assays, only 
the HIT sera induced platelet activation 
in vitro. Heparin-independent anti-
PF4 antibodies were detected in 17 SLE 
patients (14%). There were no anti-PF4 
antibodies in the sera of the primary 
APS patients. There was no correlation 
between the levels of heparin-dependent 
and independent anti-PF4 antibod-
ies. Cross-reactivity between these two 
antibodies was not detectable by ELISA7 
competitive assay. Heparin-dependent 
anti-PF4 antibodies were associated with 
thrombocytopenia and immunoglobu-
lin M anticardiolipin (P = 0.007 for both 
comparisons), while heparin-indepen-
dent anti-PF4 antibody levels were cor-
related with SLE8 disease activity index 
(P = 0.0005). None of the SLE patients 
with anti-PF4 antibodies had previous 
heparin exposure. The authors concluded 
that PF4 is an autoimmune target in SLE 
patients, and heparin-dependent and 
independent anti-PF4 autoantibodies 
might be involved in various pathophysi-
ological aspects of SLE [8]. Pausner et al. 
[9] found in 32 of 42 patients (76.2%) 
with APS, APS and SLE, SLE, or SLE 
with antiphospholipid antibodies, that 
enzyme immunoassay IgG9 or particle gel 
immunoassay for PF4-heparin complex 
antibodies was positive [9]. Of these 32 
samples, 26 (81.3%) tested positive for 
anti-PF4 antibodies. All 24 samples that 
were positive for PF4-heparin complex by 
EIA10 IgG were also positive for EIA IgG 
in the presence of excess heparin and all 
were negative by the heparin-induced 
platelet activation and heparin-induced 
platelet aggregation tests. They concluded 
that a large proportion of patients with 
APS and/or SLE have false-positive HIT 
antigen test results that are presumably 
related to autoantibodies against PF4, 
which can be distinguished from true 

ELISA = enzyme-linked immunosorbent assay
SLE = systemic lupus erythematosus
Ig = immunoglobulin
EIA = enzyme immunoassay

HIT antibodies by EIA for PF4-heparin 
complexes tested with heparin excess, and 
by functional assays. Several case reports 
have mentioned a clinical association of 
APS with HIT, manifested as skin necro-
sis or other thrombotic events [10-19].

Patients with APS are usually treated 
with warfarin. If surgery is necessary, 
low molecular weight heparin or unfrac-
tionated heparin is administered a few 
days before the procedure, withdrawn 
right before it, and reinitiated imme-
diately afterwards. For cases of APS 
associated with HIT, other drugs may 
be used. Treatment consists of alterna-
tive, non-heparin anticoagulants such 
as lepirudin (although its production 
was halted in 2012), argatroban, bivali-
rudin, danaparoid (danaparoid is not 
formally approved by the U.S. Food and 
Drug Administration for this condition) 
and fondaparinux. Each of these agents 
should be individually formulated based 
on the patient’s parameters and the pres-
ence/absence of liver or renal failure [20]. 

Fondaparinux is a synthetic pentasac-
charide that selectively binds antithrombin 
and causes rapid and predictable inhibition 
of factor Xa. It is rapidly absorbed (in < 
30 minutes) after subcutaneous injection 
and its half-life permits dosing once a day. 
Therapeutic doses (5.0–10.0 mg subcutane-
ously) seldom induce prolonged activated 
partial thromboplastin time. Although 
plasma levels can be measured with an 
anti-factor Xa assay with a fondaparinux 
standard, routine anti-Xa monitoring is 
not required. Fondaparinux can initiate 
the formation of anti-PF4 antibodies; how-
ever, it generally does not support platelet 
activation by the newly formed immune 
complexes. Fondaparinux-associated 
heparin-induced thrombocytopenia has 
been described in a handful of patients. A 
few case reports have described its success-
ful use in HIT associated with APS [13-15]. 

Danaparoid is a mixture of non-hepa-
rin, low molecular weight, sulfated glycos-
aminoglycans, including heparan sulfate, 
dermatan sulfate, and chondroitin sulfate. 
It causes long-acting antithrombin-depen-
dent inhibition of factor Xa. In vitro cross-

reactivity of danaparoid with some of the 
antibodies that cause heparin-induced 
thrombocytopenia has been reported, 
but it is usually of only modest clinical 
significance. Monitoring for anti-Xa activ-
ity (calibrated for danaparoid) should be 
undertaken in patients whose body weight 
is outside the range of 55 to 90 kg and in 
patients with acute renal failure. A single 
report of successful danaparoid use in 
four children with APS and HIT has been 
published [16].

Argatroban is a direct thrombin inhibi-
tor. It is administered intravenously and 
drug plasma concentrations reach steady 
state in 1–3 hours. Argatroban is metabo-
lized in the liver and has a half-life of about 
50 minutes. It is monitored by activated 
partial thromboplastin time. Because of 
its hepatic metabolism, it may be used in 
patients with renal dysfunction. It should 
not be used in patients with hepatic insuf-
ficiency and its effect on the prothrombin 
time/INR11 may complicate transition to 
long-term anticoagulant therapy with war-
farin. In patients taking other hepatically 
cleared medications, lower initial doses 
may have to be used to avoid over-anti-
coagulation. Only one case report, of four 
patients with APS and HIT, has described 
the successful use of argatroban [17].

Bivalirudin is also a direct thrombin 
inhibitor. It has a unique pharmaco-
logic profile: unlike other marketed 
direct thrombin inhibitors, it undergoes 
predominantly non-organ elimination 
(proteolysis) and has the shortest half-life 
(approximately 25 min) of all anticoagu-
lants. Bivalirudin is only 20% metabolized 
via the renal system and requires only 
modest dose adjustments in patients with 
severe renal insufficiency; thus, it may be 
used in patients with advanced renal dis-
ease. In addition to the paper published 
here, two case reports describe the suc-
cessful use of bivalirudin in patients with 
APS and HIT [18,19].

Finally, it is important to conduct 
thorough clinical and laboratory diagno-
ses of HIT in APS patients. An erroneous 

INR = international normalized ratio



56 

IMAJ • VOL 16 • JANUARY 2014editOrials

thrombocytopenia. Blood Coagul Fibrinolysis 
2012; 23: 769-71.

14. Manco-Johnson MJ, Wang M, Goldenberg NA, 
et al. Treatment, survival, and thromboembolic 
outcomes of thrombotic storm in children. J Pediatr 
2012; 161: 682-8.

15. Holtan SG, Knox SK, Tefferi A. Use of fonda- 
parinux in a patient with antiphospholipid 
antibody syndrome and heparin-associated throm- 
bocytopenia. J Thromb Haemost 2006; 4: 1632-4.

16. Zöhrer B, Zenz W, Rettenbacher A, et al. 
Danaparoid sodium (Orgaran) in four children 
with heparin-induced thrombocytopenia type II. 
Acta Paediatr 2001; 90: 765-71.

17. Pendleton R, Wheeler MM, Rodgers GM. 
Argatroban dosing of patients with heparin-
induced thrombocytopenia and an elevated 
aPTT due to antiphospholipid antibody syn- 
drome. Ann Pharmacother 2006; 40: 972-6. 

18. Leissner KB, Ketchedjian A, Crowley R, Ortega 
R, Hesselvik JF, Shemin RJ. Deep hypothermic 
circulatory arrest and bivalirudin use in a patient 
with heparin-induced thrombocytopenia and 
antiphospholipid syndrome. J Card Surg 2007; 
22: 78-82.

19. Cain RL, Spiess BD, Nelson M, Deanda A Jr, 
McCarthy HL, Green JA. Bivalirudin anti- 
coagulation for a patient with hypercoagulable 
immune syndromes undergoing mitral valve 
surgery. Ann Thorac Surg 2006; 81: 2308-10.

20. Kelton JG, Arnold DM, Bates SM. Nonheparin 
anticoagulants for heparin-induced throm- 
bocytopenia. N Engl J Med 2013; 368: 737-44.

21. Smythe MA, Warkentin TE, Woodhouse AL, 
Zakalik D. Venous limb gangrene and fatal 
hemorrhage: adverse consequences of HIT 
“overdiagnosis” in a patient with antiphospholipid 
syndrome. Am J Hematol 2011; 86: 188-91. 

diagnosis might be fatal due to incorrect 
decisions regarding treatment [21].

 To summarize, the case report of 
Podolak et al. presented in this jour-
nal adds important knowledge to the 
subject of controlling thrombosis in 
patients with APS accompanied by HIT. 
Additional case reports and controlled 
trials are needed to clarify the appropri-
ate treatment options for this complex 
situation in APS. 
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Transendothelial migration of neutrophils in postcapillary 
venules is a key event in the inflammatory response against 
pathogens and tissue damage. The precise regulation of this 
process is incompletely understood. Abtin and team report 
that perivascular macrophages are critical for neutrophil 
migration into skin infected with the pathogen Staphylococcus 
aureus. Using multiphoton intravital microscopy we showed 
that neutrophils extravasate from inflamed dermal venules 
in close proximity to perivascular macrophages, which are a 

major source of neutrophil chemoattractants. The virulence 
factor α-hemolysin produced by S. aureus lyses perivascular 
macrophages, which leads to decreased neutrophil trans- 
migration. These data illustrate a previously unrecognized 
role for perivascular macrophages in neutrophil recruitment 
to inflamed skin and indicate that S. aureus uses hemolysin-
dependent killing of these cells as an immune evasion strategy.

Nature Immunol 2014; 15: 45
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Perivascular macrophages mediate neutrophil recruitment during bacterial skin infection
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