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COVID-19–associated Coagulopathy
Less Fibrinolysis Can Be More Harmful!
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function testing, where decreased maximum clot firmness
and decreased platelet aggregation have been reported as
early signs of bacterial sepsis and mortality.16–18
Limitations of the present study should be considered,
because the number of patients evaluated was low and viscoelastic and platelet function testing were performed in
ventilated patients after a mean of 7 days in the intensive
care unit on one single occasion. Further, this study does
not provide data on early COVID-19 hemostasis changes
or during the clinical course of COVID-19 from hospital
admission to discharge or death. Currently, other multicenter studies are underway to answer these questions (e.g.,
the ROTEM Sigma in Hospitalized COVID-19 Patients
[ROHOCO] Study, recruiting 500 patients in 16 hospitals and 11 countries; DRKS00023934).3 Of note is that
viscoelastic testing is reported to be superior to standard
plasmatic coagulation tests such as activated partial thromboplastin time and prothrombin time in predicting thrombosis in COVID-19.2,8–10
During the last 150 yr, the knowledge about thrombosis has evolved from the macropathological model of the
Virchow triad of venous thrombosis—based on blood flow,
blood constituent and vessel wall issues (fig. 1)—to a micropathological model of thrombosis—characterized by tissue
factor expression of circulating cells and microparticles,

Fig. 1. Virchow triad of venous thrombosis.
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[95% CI, 0.8 to 1]; P < 0.001)10 as well as renal failure with
the need for dialysis. For clinical interpretation, the combination of both hypofibrinolysis and elevated D-dimer concentrations has resulted in some confusion because elevated
D-dimer concentrations have been misinterpreted as a sign of
hyperfibrinolysis.11 In fact, D-dimer concentrations rise with
plasma fibrinogen concentration and thrombin generation,
which are both increased in COVID-19, but only 0.02% of
the fibrinogen mass is cleaved to D-dimers in COVID-19.3–
6,12
Accordingly, elevated D-dimer concentrations reflect an
increased fibrin deposition (microthrombosis) rather than an
increased fibrin breakdown (fibrinolysis) in severe COVID19. To that effect, the combination of increased fibrin deposition and hypofibrinolysis/fibrinolysis shutdown results in
thrombosis of the microcirculation with subsequent failure
of the lungs and kidneys as well as neurologic disorders. This
is not a new finding, because hypofibrinolysis has already
been shown to discriminate between systemic inflammatory
response syndrome and bacterial sepsis and to predict mortality in sepsis as reported previously.13–15
The current publication by Heinz et al. also reports only
a slightly lower platelet aggregation attributable to adenosine diphosphate stimulation in critically ill patients with
COVID-19 compared with a healthy controls.5 This is contrary to findings in studies assessing viscoelastic and platelet
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Fig. 2. Micropathological triad of thrombosis and COVID-19 and corresponding changes in thromboelastometry results.

hypercoagulability, and hypofibrinolysis (fig. 2). These
changes on the cellular level are not reflected by plasmatic
coagulation tests but by whole blood viscoelastic testing and
are characterized by decreased coagulation times in nonactivated viscoelastic tests, increased clot firmness in viscoelastic tests with and without platelet contribution, as well as
hypofibrinolysis/fibrinolysis shutdown (thromboelastometry triad of thrombosis and COVID-19).1,2,8–10,19 Notably,
the systemic inflammatory response syndrome of acute
infections, sepsis, disseminated intravascular coagulation, and
COVID-19 are characterized by different viscoelastic and
platelet function patterns.3,18 We believe that differentiation
and outcome management strategies can be improved by
multimodal testing that includes the combination of viscoelastic, platelet function, and conventional biomarkers such
as D-dimers.9,10,20 In combination with big data, machine
learning, and pattern recognition, this may offer in the near
future opportunities to detect these important issues early
and may allow for personalized therapy in these critically ill
patients in terms of precision medicine.21,22
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