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Invited Commentary
Fibrinolysis Shutdown and
Thrombosis in Severe

COVID-19

Jansen N Seheult, Anupamaa Seshadri,
Matthew D Neal
Pittsburgh, PA

The coagulopathy associated with COVID-19 has
emerged as a key driver of morbidity and mortality, espe-
cially in patients with severe disease. There is mounting
evidence that a prothrombotic picture dominates, with
both macrothrombi in the venous and arterial circulations
and microthrombi, as evidenced by multisystem organ
failure. The reported incidence of venous thromboembo-
lism (VTE) in critically ill patients with COVID-19 has
been alarmingly high. An observed VTE incidence of
20% by day 7 of hospital admission has been reported
in a retrospective study, despite thromboprophylaxis,
with an estimated cumulative VTE incidence as high as
42% by day 21.1 In observational data, heparin anticoagu-
lation in these patients has also been associated with a
reduced mortality rate and may be due to both the anti-
coagulant and immunomodulatory effects of heparin
molecules.2,3 Identification of COVID-19 patients at
greatest risk for thrombosis and end organ damage has
been an area of keen interest, as are prognostic indicators
for morbidity (including VTE) and mortality.
In this study from the University of Colorado Anschutz
Medical Campus and Shock Trauma Center at Denver
Health, Wright and colleagues4 assessed the clinical utility
of thromboelastography (TEG) for the prediction of macro-
andmicrovascular thrombosis in a severeCOVID-19patient
cohort. The authors analyzed kaolin/ kaolin-heparinaseTEG
measurements performed on 44 COVID-19 patients to
characterize the TEG profile and integrate these results
with those of conventional coagulation assays, including
D-dimer levels, fibrinogen, platelet count, prothrombin
time, and activated partial thromboplastin time.4 They
described an elevated maximum amplitude (MA) in TEG
analyses, consistent with a hypercoagulable state, and a low
lysis at 30 minutes in 57% of patients, suggestive of fibrino-
lysis shutdown. The combination of fibrinolysis shutdown
and a D-dimer concentration greater than 2,600 ng/mL
FEU (fibrinogen equivalent units) was associated with
VTE in 50% of patients and the need for hemodialysis in
80% of patients, compared with 0% and 14%, respectively,
in patients who did not manifest either finding. Contrary to
the findings of Tang and associates,5 demonstrating a high
prevalence of disseminated intravascular coagulation (DIC)
(71.4%) in nonsurvivors of COVID-19, however, the au-
thors of this study mentioned that none of their patients
met clinical criteria forDICbased on the criteria of the Inter-
national Society on Thrombosis and Hemostasis (ISTH).

This study sheds some light on the changes in procoagu-
lant and fibrinolytic pathways caused byCOVID-19, but it
also raises some important questions for future research.
The markedly elevated D-dimer concentrations described
in cases of severe COVID-19 is strongly suggestive of
plasmin-mediated hyperfibrinolysis, which appears to be
inconsistent with the finding of fibrinolysis shutdown on
TEG. Fibrinolysis is an essential dynamic process of fibrin
clot maturation and degradation initiated by the conver-
sion of plasminogen to plasmin by activators, such as
tissue-type plasminogen activator (tPA), and subsequent
plasmin-mediated cleavage of fibrin polymers.6 Inhibitors
of fibrinolysis, mainly plasminogen activator inhibitor-1
(PAI-1) anda2-antiplasmin,maintain a delicate homeosta-
sis in the normal physiologic state. Derangements in the
relative concentrations of the activators and inhibitors of
fibrinolysis can result in a spectrum of abnormalities,
from overly active plasmin-mediated fibrin cleavage
(hyperfibrinolysis) to fibrinolysis shutdown. While sup-
pressed fibrinolysis is typical of sepsis-associated DIC,
markedly elevatedD-dimer levels are relatively infrequent.7

In fact, patients with severe sepsis and normal D-dimer
levels have been shown to have the highest mortality,
reflecting the vital role of plasmin in clearingmicrovascular
thrombi.8 Because hyperfibrinolysis is a dynamic process, it
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is possible that the timing of specimen collection is a critical
factor in the detection of a hyperfibrinolytic state, espe-
cially given the short half-life of active tPA in the circula-
tion, and the fact that both PAI-1 and a2-antiplasmin are
acute phase reactants that become elevated in inflammatory
conditions.9 However, a recently published study on the
viscoelastic profile of COVID-19 using rotational throm-
boelastometry analysis did collect samples on days 0, 5,
and 10, after admission to the intensive care unit, and
also found no evidence of fibrinolytic activity, despite a hy-
percoagulable pattern.10

In the setting of fibrinolysis shutdown observed in visco-
elastic tests in patients with severe COVID-19, the source
of the (often markedly) elevated D-dimer levels remains
unclear. It is possible that localized hyperfibrinolysis is
occurring that is not detectable at the systemic level in
whole blood assays. Microparticles have been shown to
efficiently generate both thrombin and plasmin locally on
their membrane surfaces and may also be critical mediators
of thrombosis in COVID-19 that require further study.11

Likewise, the interplay between inflammation and throm-
bosis is well established, but the contributions of neutro-
phils to the pathogenesis of VTE, by virtue of the
formation of neutrophil extracellular traps, has only
recently been appreciated.12 Other investigators have also
postulated a key role of monocyte expression of tissue fac-
tor in response to proinflammatory cytokines as a driver of
hypercoagulability in patients with severe infection.13

Future research should profile the changes in activators
and inhibitors of fibrinolysis, including tPA, PAI-1, and
plasmin-antiplasmin complex levels over time, to further
characterize the dynamic process of fibrinolysis in
COVID-19, and should also study the role of neutrophil
and monocyte activation in promoting thrombosis and
altering fibrinolysis in patients with severe COVID-19.
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