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Wereadwithgreat interest thearticlebySpieziaetal,published
in a recent issue of the journal, showing a severe hypercoagula-
bilityon thromboelastometryprofiles of22 critically ill patients
with novel coronavirus (SARS-CoV-2).1 These results are in
agreement with a growing body of evidence suggesting that
COVID-19 severe infection predisposes to venous thromboem-
bolism and even primary pulmonary thrombosis,2 and that
abnormal coagulation parameters are associated with poor
prognosis.3 The thrombotic risks in COVID-19 are such that
consensus guidance has been issued for thromboprophy-
laxis,3–5 leading to a large prescription of high doses of low
molecularweight (LMWH)or unfractionatedheparin, notwith-
standing the need for more evidence. Tang et al reported high
rates of overt disseminated intravascular coagulation according
to the International Society on Thrombosis and Haemostasis
diagnostic criteria.6 Conversely, in the study from Spiezia et al,
standard tests and thromboelastography profiles suggested,
rather than a consumptive coagulopathy, a severe hypercoagu-
lability linked to hyperfibrinogenemia.1

Here, we highlight that resistance to fibrinolysis could be an
additional underlying mechanism to the hypercoagulable state
that predisposes COVID-19 patients to thrombosis. Using
thromboelastometry (ROTEM, Werfen), we investigated the
profiles of tissue plasminogen activator (tPA)-induced fibrino-
lysis in five patients admitted to the intensive care unit (ICU) of
Beaujon University Hospital between April 21 andMay 4, 2020
for COVID-19-related acute respiratory distress syndrome
(ARDS). Thromboelastometry was performed in the presence
and absence of recombinant tPA (r-tPA, 80ng/mL) in these five
patients andcomparedwithfivehealthycontrols.7 Thepatients

providedwritten informed consentwhenpossible. Alternative-
ly, informed consent was given orally by next-of-kin because
they could not visit the ICU in the context of pandemia. Healthy
controls were hospital employee volunteers involved in the
research. All patients were males, mean (�standard deviation)
age and Sequential Organ Failure Assessment scores were
57� 15 years and 9� 2, respectively. All patients had hyper-
fibrinogenemia (mean fibrinogen 7.4� 2.4 g/L) except one.
Other laboratorydatawere: hemoglobin: 10.1� 1.6 g/dL, plate-
let count: 440� 270109/L, factor V: 177� 37%, and D-dimer:
1975� 1623 ng/mL. As recommended by the GFHT/GIHP,4

patients received LMWH with dosage tailored to body mass
index and to the risk of thrombosis evaluated using daily D-
dimer and fibrinogen measurements. Despite this thrombo-
prophylaxis, three out of our five patients developed an acute
pulmonary embolism during the follow-up.

As reported by Spiezia et al,1 thromboelastometry profiles
showed a hypercoagulable state in COVID-19 patients: maxi-
mum clot firmness (MCF) was elevated in the EXTEM:
77� 5mm (normal range 50–72) and FIBTEM: 46� 18mm
(normal range 9–25mm) assays in the four patients with
hyperfibrinogenemia but was normal in patient 5 who exhib-
ited normal fibrinogen level (EXTEM: 57mm and FIBTEM:
20mm). In addition, as shown in ►Fig. 1, when adding r-tPA
to the ROTEM assay, clot lysiswas observed after 60minutes in
all controls but not in patients. Maximum lysis (ML) ranged
from85 to 100%ofMCF in controls (94� 6.3) and from4 to 20%
(12� 6) in patients, showing resistance to fibrinolysis in the
latter group. Resistance to r-tPA-induced fibrinolysis could be
relatedtohighfibrinogen level;however, patient5withnormal
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fibrinogen level also exhibited an impaired clot lysis at
60minutes (ML: 20%). Furthermore, clot lysis was evaluated
in the same conditions in a patient with inflammatory bowel
disease (negative for COVID-19)withfibrinogen level at 6 g/dL.
High MCF in EXTEM assay (75mm) was observed but the
fibrinolysis at 60minutes was comparable to controls with a
ML at 76% (data not shown). These results suggest that fibrino-
lytic system is dysregulated in patients admitted with ARDS
due to COVID-19 pneumonia. Unfortunately, themain actors of
the fibrinolytic pathway, especially plasminogen activator
inhibitor 1 (PAI-1) and tPA, could not be evaluated in these
five patients and controls. Further studies including measure-
ment of fibrinolytic components and other tests such as
euglobulin clot lysis time, should be performed in a larger
number of patients to confirm these preliminary data.
However, a resistance to t-PA-induced fibrinolysis was already
reported in patients with ARDS, who exhibited elevated PAI-1
levels.8 In these patients, fibrin deposits are found in the lungs
due to dysregulation of the coagulation and fibrinolytic
systems.8 These observations suggest that r-tPA could
be considered, as a therapeutic approach for COVID-19 in a
selected group of patients. In those patients, heparin therapy
should be carefully monitored and the risk of bleeding should
be assessed using, for instance, the HAS-BLED score.8,9 Oxy-
genation improvements after r-tPA treatment were recently
reported in three patients with COVID-19 and ARDS.10 How-

ever, these observed improvements were only transient, sug-
gesting that the optimal dosing regimen may be higher than
usual in COVID-19 and that, in accordance with our own data,
response to r-tPA is impaired in COVID-19 patients.

Here, we provide preliminary results suggesting that, in
addition to hyperfibrinogenemia-related hypercoagulability
as reported by Spiezia et al,1 impaired fibrinolysis could
contribute to the severe coagulopathy observed in these
patients. Larger prospective studies evaluating the fibrino-
lytic pathways in patients with COVID-19 and ARDS are
needed to confirm these results to better understand disease
mechanisms and help define new therapeutic approaches.
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Fig. 1 Thromboelastometry profiles of patients with COVID-19 and of healthy controls in the presence and absence of recombinant tissue
plasminogen activator (r-tPA). HC, healthy control; P, patient.
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