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Questões
• O que é CIVD e por que ela ocorre?
• CIVD na COVID-19: o que há de diferente?
• Qual a relevância clínica destas alterações?
• Qual a implicação no manejo destes pacientes?



O que é CIVD e por que ela ocorre?



CIVD (definições ISTH)

“ Síndrome clínico-laboratorial adquirida”
Processo intermediário, e não uma doença

Taylor et al, T&H 2001

“ Ativação intravascular da coagulação com perda 
da localização”

Disrupção de uma característica essencial da 
hemostasia 

“Se suficientemente grave, pode levar a 
lesões orgânicas”

Mecanismo incerto



Fisiopatologia

Resposta imune inata iniciada por patógeno ou lesão tecidual

é Expressão 
fator tissular

ê Anticoagulantes 
naturais

é PAI-1 
(hipofibrinólise)

Desequilíbrio do balanço hemostático 
• Fase inicial: hipercoagulabilidade
• Fase tardia: sangramento por consumo de fatores e plaquetas



Bakhhtiari et al, CCM 2004

Relevância epidemiológica

CIVD associa-se a mortalidade 
em outros pacientes críticos



IMUNOTROMBOSE: 
Ativação da coagulação como mecanismo efetor da resposta imune

Engelmann & Massberg, Nat Rev Immunol 2013





Fig. 2. Immunostaining of
NETs. Neutrophils were acti-
vated with 10 ng of IL-8 for 30
min and stained for neutrophil
elastase (A), DNA (B), and the
complex formed by H2A-H2B-
DNA (C). Extracellular fibrous
material is stained brightly. As
expected, we found granular
staining for neutrophil elastase
(A) and nuclear staining for hi-
stones and DNA [(B) and (C)].
Samples were analyzed with
the use of a Leica TCS-SP
(Beusheim, Germany) confocal
microscope. The images are
projections of a z stack (origi-
nal dimensions: x and y, 85.5
!m; z " 6.3 !m). Bar, 10 !m.
(D) Immunodetection of his-
tones (large gold particles, ar-
rows) and neutrophil elastase
(small gold particles, arrow-
heads) in ultrathin cryosec-
tions of neutrophils stimulated
with IL-8 (10 ng, 1 hour). Bar,
200 nm. (E) Immuno-SEM,
pseudocolored, of neutrophils
treated as in (A) to (C). Over-
lay of images from secondary
electron detector (red, topog-
raphy) and backscattered elec-
tron detector (green, element
sensitive, most back-scattered
electrons from the site of gold binding). Bright yellow dots (arrows) show localization of 12-nm gold particles detecting neutrophil elastase. Bar, 200 nm.

Fig. 3. Gram-positive and Gram-negative
bacteria associate with neutrophil fibers. SEM
of S. aureus (A), S. typhimurium (B), and S.
flexneri (C) trapped by NETs. Neutrophils
were treated with 100 ng of IL-8 for 40 min
before infection. Bar, 500 nm. (D) Immuno-
fluorescence of neutrophils infected with S.
flexneri stained for the virulence factor IpaB
and DNA. IpaB is degraded by neutrophil
elastase and is only detectable on the bacte-
ria (arrows) when neutrophil elastase is
blocked with SLPI. DNA staining shows NETs
and bacteria (arrows). (E) Western blot
showing that the virulence factors IcsA and
IpaB but not OmpA were degraded by cy-
tochalasin D–treated neutrophils incubated
with S. flexneri. Lane 1, bacteria alone. Lane
2, bacteria incubated with cytochalasin D–treated neutrophils. (F)
Extracellular bactericidal activity was greatly reduced in both S.
flexneri and S. aureus infections after incubation with DNase, which
dissociates NETs. (G) Extracellular bacterial killing by neutrophils was

reduced by addition of antibodies against histones. Neutrophils were
treated with cytochalasin D to prevent phagocytosis and infected
with S. flexneri or S. aureus. In the presence of antibody against H2A,
bacterial killing was abrogated.
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Bactérias ligadas a NETs

Brinkmann et al, Science 2004

Neutrophil Extracellular Traps
Kill Bacteria

Volker Brinkmann,1 Ulrike Reichard,1,2 Christian Goosmann,1,2

Beatrix Fauler,1 Yvonne Uhlemann,2 David S. Weiss,2

Yvette Weinrauch,3 Arturo Zychlinsky2*

Neutrophils engulf and kill bacteria when their antimicrobial granules fuse with
the phagosome. Here, we describe that, upon activation, neutrophils release
granule proteins and chromatin that together form extracellular fibers that bind
Gram-positive and -negative bacteria. These neutrophil extracellular traps
(NETs) degrade virulence factors and kill bacteria. NETs are abundant in vivo
in experimental dysentery and spontaneous human appendicitis, two examples
of acute inflammation. NETs appear to be a form of innate response that binds
microorganisms, prevents them from spreading, and ensures a high local con-
centration of antimicrobial agents to degrade virulence factors and kill bacteria.

In response to inflammatory stimuli, neutro-
phils migrate from the circulating blood to
infected tissues, where they efficiently bind,
engulf, and inactivate bacteria. Phagocytosed
bacteria are killed rapidly by proteolytic en-
zymes, antimicrobial proteins, and reactive
oxygen species (1, 2 ). Neutrophils also de-
granulate, releasing antimicrobial factors into
the extracellular medium (3 ). Here, we show that
neutrophils generate extracellular fibers, or neu-
trophil extracellular traps (NETs), which are struc-
tures composed of granule and nuclear constitu-
ents that disarm and kill bacteria extracellularly.

NETs were made by activated neutrophils.
Although naı̈ve cells were round with some
membrane folds (Fig. 1, A and C), neutrophils
stimulated with interleukin-8 (IL-8), phorbol
myristate acetate (PMA), or lipopolysaccharide
(LPS) became flat and formed membrane pro-
trusions (Fig. 1B) as previously described (4 ).
Surprisingly, we found that activated neutro-
phils but not naı̈ve cells made prominent extra-
cellular structures (arrows, Fig. 1, B and D).
These fibers, or NETs, were very fragile, and
specimens had to be washed and fixed carefully
to preserve them. High-resolution scanning
electron microscopy (SEM) showed that the
NETs contained smooth stretches with a diam-
eter of 15 to 17 nm (Fig. 1E, arrowheads) and
globular domains of around 25 nm (Fig. 1E,
arrows) that aggregated into larger threads with
diameters of up to 50 nm. Analysis of cross
sections of the NETs by transmission electron
microscopy (TEM) revealed they were not sur-
rounded by membranes (Fig. 1F).

The composition of NETs was analyzed by
immunofluorescence. NETs contained proteins

from azurophilic (primary) granules (5 , 6 ) such
as neutrophil elastase (Fig. 2A), cathepsin G,
and myeloperoxidase (table S1). Proteins from
specific (secondary) granules and tertiary gran-
ules, such as lactoferrin and gelatinase, respec-
tively, were also present (table S1). In contrast,
CD63, a granule membrane protein, the cyto-
plasmic markers annexin I (7 ), actin, tubulin,
and various other cytoplasmic proteins were
excluded from NETs (table S1).

DNA is a major structural component of
NETs, because several DNA intercalating dyes
stained NETs strongly (Fig. 2B) and a brief
treatment with deoxyribonuclease (DNase) re-
sulted in the disintegration of NETs (movie S1).
Conversely, protease treatment left the DNA of
the NETs intact (8 ). The NETs reacted with
antibodies against histones H1, H2A, H2B, H3,
and H4 (table S1) and against the H2A-H2B-
DNA complex (9 , 10 ) (Fig. 2C).

Double immunostaining of ultrathin cryo-
sections for TEM (Fig. 2D) confirmed the pres-
ence of neutrophil elastase (small gold particles,
arrowheads) and H2A-H2B-DNA complexes
(large gold particles, arrows) in NETs. Histone
and neutrophil elastase staining was found on
globular NET domains. Furthermore, immuno-
staining of SEM samples (Fig. 2E) corroborated
the localization of neutrophil elastase to the
globular domains of NETs. These data demon-
strate that the structures visualized by different
microscopy approaches (immunofluorescence,
TEM, and SEM) are identical. NET formation
was quantified in a fluorometer with the use of
a DNA dye that is excluded from cells. Neutro-
phils release NETs as early as 10 min after
activation, and the release depends on the dose
of the activator (fig. S1).

Several lines of evidence indicate that neu-
trophils make NETs actively: (i) Stimuli that
induce NETs do not promote the release of the
cytoplasmic marker lactate dehydrogenase
(LDH), and activated cells exclude vital dyes
for at least two hours after stimulation (8 ). (ii)
Stimuli such as IL-8 and LPS, which prolong

the life of neutrophils (11), can induce NETs
efficiently. (iii) Incubation with DNA interca-
lating dyes before neutrophil activation pre-
vents NET formation but has no effect on the
induction of apoptosis by staurosporine or tu-
mor necrosis factor ! (8 ). (iv) NETs are formed
as early as 10 min after activation, a time course
faster than apoptosis (fig. S1). (v) Time-lapse
video microscopy (movie S2) shows that motile
cells make NETs. Taken together, these data
strongly indicate that NETs are not the result of
leakage during cellular disintegration. We cannot
exclude, however, the possibility that NET forma-
tion is an early event in the neutrophil program for
cell death. Neutrophils are terminally differentiat-
ed cells that are programmed to die a few hours
after they enter into circulation. Furthermore, iso-
lated neutrophils are a heterogeneous population
with respect to age, and a small portion of this
“aged” subpopulation is expected to die. Neutro-
phils can undergo caspase-dependent (12 ) and
-independent apoptosis in vitro (13 ), but the pro-
cess that leads to neutrophil death in vivo is not
known. It is conceivable that NET formation is an
early event in cell death.

NETs associate with both Gram-positive
(Staphylococcus aureus, shown in Fig. 3A) and
Gram-negative pathogens (Salmonella typhi-
murium and Shigella flexneri, shown in Fig. 3,
B and C, respectively). We have previously
shown that neutrophil elastase degrades viru-
lence factors of Gram-negative bacteria (14 ).
Our finding that bacteria are trapped in NETs
decorated with neutrophil elastase prompted us
to test whether bacterial virulence factors were
targeted extracellularly. Immunofluorescence
staining of IpaB, a virulence factor of S. flex-
neri, was weaker in bacteria trapped in NETs
compared to free Shigella (Fig. 3D, top left),
although the bacteria and the NETs were clear-
ly visible when DNA was stained. In contrast,
when neutrophil protease activity was blocked
by the secretory leukocyte proteinase inhibitor
(SLPI), bacteria trapped in NETs contained
high amounts of IpaB (Fig. 3D, bottom left).
Interestingly, virulence factors from Gram-
positive bacteria were also susceptible to neu-
trophil proteases. Lower amounts of the S.
aureus virulence factor ! toxin were found in
NET-associated bacteria compared to that of free
bacteria or when neutrophil proteases were
blocked with SLPI (fig. S2). These results suggest
that NETs can disarm a wide range of pathogens.

We corroborated that extracellular proteases
degrade bacterial virulence factors by inhibiting
neutrophil phagocytosis. This was accom-
plished by incubating activated neutrophils with
cytochalasin D. In the presence of cytochalasin
D, an inhibitor of actin polymerization, NETs
persisted and phagocytosis was blocked. We
infected these neutrophils that have NETs but
cannot phagocytose with S. flexneri. Extracel-
lular neutrophil elastase, like purified elastase
(14 ), degraded the virulence factors IcsA and
IpaB but not the control OmpA, an outer mem-
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Zuo et al, JCI Insight 2020

Aumento de 
marcadores de NETs
em pacientes com 

COVID-19



CIVD na COVID-19: o que há de diferente ?



CIVD x CAHA 
(COVID-19- associated hemostatic abnormalities)

• Níveis elevados de dímeros D
• Aumento importante do fibrinogênio
• Prolongamento do TP
• Plaquetopenia
• Aumento de FVW e FVIII (ativação endotelial)

Menos intensos que em 
outras formas de CIVD



Fase exsudativa
• Infiltração de PMNs
• Destruição da barreira alvéolo-capilar
• Formação de membranas hialinas sobre epitélio
• Preenchimento alveolar com exsudato de fibrina
• Imigração de macrófagos

Fase fibroproliferativa (após 3 dias)
• Proliferação celular nos espaços alveolares
• Neoangiogênese
• Hipofibrinólise (aumento PAI-1)
• Microtrombos pulmonares

Fisiopatologia da SARA: papel de elementos da hemostasia

Standiford & Ward, Transl Res 2016



Prabhakaran et al, 
Am J Physiol Lung Cell Physiolo 2003

• Autores também observaram aumento da 
fibrinogenólise incompleta no espaço 
alveolar, com acúmulo de fibrina insolúvel

• Hipótese: fibrinogênio extravasa do plasma 
pelo dano alveolar difuso e não é eliminado 
completamente pela hipofibrinólise



Mecanismo proposto:
Pulmão como órgão central da 
ativação e perpetuação da 
CAHA: Imunotrombose na 
microcirculação pulmonar

McGonagle et al, 
Lancet Rheumatol 2020

“Pulmonary intravascular coagulopathy”



Quão diferente da 
SARA clássica?
• Extensão do tecido 

acometido?
• Viés de observação pela 

densidade de casos??

McGonagle et al, 
Lancet Rheumatol 2020



Yin et al, J Thromb Thrombol 2020



Qual a relevância clínica destas alterações ?

Aumento do 
risco de TEV

Informação 
prognóstica

Lesão pulmonar 
por tromboses 
microvasculares



• Restrospectivo; 191 pacientes; 2 hospitais
– 137 altas e 54 óbitos

Zhou et al, Lancet 2020

Informação 
prognóstica



Zhou et al, Lancet 2020

Informação 
prognóstica



Dhainaut et al, CCM 2005



Xu et al, Lancet Resp Med 2020

DAD e formação de membranas hialinas; 
Exsudato com fibrina

Lesão pulmonar 
por tromboses 
microvasculares



Xiahong et al, 2020

Destruição e 
exsudato 
alveolar com 
sangramento

Fluido seroso 
intra-alveolar

Dilatação dos capilares com 
congestão, infiltração mononuclear 
e trombose (seta)



Microtrombos de fibrina em 
arteríolas pulmonares 

Dolhnikoff, Duarte-Neto et al, JTH 2020

• Autópsia minimamente invasiva
• USP-SP
• Achados descritos em 8 de 10 pacientes



Pfeiler et al, Thromb Res 2014



Quais as implicações para o manejo ?



• TROMBOPROFILAXIA
• ALTO ÍNDICE DE SUSPEIÇÃO PARA TEV
• TRATAMENTO ESPECÍFICO PARA CAHA?

o Heparina
o Trombolíticos
o Outros anticoagulantes



Abraham, Am J Respir Cell Moll Biol, 2000

Que como veremos, tiveram resultados frustrantes

Discussão antiga



Anos 1990 e 2000
Grandes estudos clínicos com anticoagulantes na sepse



TFPIAntitrombina

Abraham et al, JAMA 2001
Warren et al JAMA 2003 
Ranieri et al, NEJM 2012

Proteína C ativada



Zarychanski et al

516  www.ccmjournal.org� -ARCH������s�6OLUME����s�.UMBER��

(risk ratio, 0.79; 95% CI, 0.53–1.17; I2 = 0%; 2,392 patients; 
three trials). In one small trial of heparin compared with other 
anticoagulants, the risk of major hemorrhage was significantly 
increased to 2.14 (95% CI, 1.07–4.30; 48 patients). Other pre-
specified secondary outcomes (major or minor hemorrhage, 
incidence and frequency of red cell transfusion, ICU length of 
stay, and duration of mechanical ventilation) and safety mea-
sures (incidence of thrombocytopenia and allergic reactions) 
were sparsely reported precluding conclusive metaanalysis 
(Table 2).

DISCUSSION
In our systematic review of patients with sepsis, severe sepsis, 
septic shock, or DIC associated with infection, we noted a 12% 
relative reduction in the pooled risk of death in patients receiv-
ing heparin compared with placebo or usual care. Compared 
with other anticoagulant therapies, heparin was not associated 
with significant differences in mortality. Bleeding, transfusion, 

thrombocytopenia, and allergic reactions were insufficiently 
reported. Compared with placebo or usual care, heparin was 
not associated with increased major hemorrhage. In one small 
trial of heparin compared with other anticoagulants, heparin 
was associated with an increased risk major hemorrhage.

The results of our systematic review and metaanalysis are 
consistent with previously published animal and human stud-
ies of heparin in sepsis. In a systematic review and metaanalysis 
of randomized trials of heparin in experimental animal mod-
els of sepsis, heparin was associated with lower mortality (odds 
ratio, 0.27; 95% CI, 0.16–0.46 [15]). Prospectively collected, 
but nonrandomized, data from the placebo arms of phase 
III trials in sepsis also suggest a survival advantage associated 
with prophylactic dose heparin administration, regardless of 
the study drug under investigation (19). In a large propensity-
matched study of heparin in patients with septic shock, thera-
peutic heparin was associated with improved survival (hazard 
ratio, 0.85; 95% CI, 0.73–1.00; 1,390 patients [18]).

Figure 3. Mortality in patients randomized to heparin versus placebo or usual care. Boxes and horizontal lines represent point estimates, varying in size 
according to the weight in the analysis and 95% CIs. M-H = Mantel-Haenszel.

Figure 4. Mortality in patients randomized to heparin versus other anticoagulants. Boxes and horizontal lines represent point estimates, varying in size 
according to the weight in the analysis and 95% CIs. M-H = Mantel-Haenszel.

Zarychanski et al, CCM 2015

Heparina



• TROMBOPROFILAXIA
• ALTO ÍNDICE DE SUSPEIÇÃO PARA TEV
• TRATAMENTO ESPECÍFICO PARA CAHA?

o Heparina
o Trombolíticos
o Outros anticoagulantes

Aguardar dados de estudos 
clínicos




