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Background
 There is emerging evidence for hypercoagulability and 

thrombosis in coronavirus disease 2019 (COVID-19) patients, 
contributing to mortality

 The mechanisms underlying this pro-thrombotic state is still 
uncompletely understood, and optimal criteria for early 
identification of patients at high risk for thrombosis and 
death remain unclear
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Scope

The aim of this study was to assess:
 whether rotational thromboelastometry (ROTEM) would indicate 

hypercoagulability and fibrinolysis shutdown in an early stage of 
severe COVID-19 patients

 if ROTEM variables in combination with D-dimer would predict 
mortality
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Methods

 The study was designed as a prospective, observational study

 We used ROTEM in a cohort of 35 adult critically ill COVID-19 
patients admitted to an intermediate ward 

 Conventional coagulation assays and D-dimer levels were also 
analyzed 
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Rotational thromboelastometry (ROTEM)
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“…the systemic in ammatory 
response syndrome of acute 
infections, sepsis, disseminated 
intravascular coagulation, and 
COVID-19 are characterized 
by di erent viscoelastic and 
platelet function patterns.”

Image: J. P. Rathmell.

Accepted for publication December 18, 2020. From the Department of Anesthesiology and Intensive Care Medicine, University Hospital Essen, University Duisburg-Essen, Essen, 
Germany (K.G.); Tem Innovations GmbH, Munich, Germany (K.G.); and Departments of Anesthesiology, Critical Care, and Surgery, Duke University School of Medicine, Durham, 
North Carolina (J.H.L.).

Copyright ©  2021, the American Society of Anesthesiologists,  Inc. All Rights Reser ved. Anesthesiology 2021; XXX:00–00.  DOI: 10.1097/ALN.0000000000003688

COVID-19–associated Coagulopathy
Less Fibrinolysis Can Be More Harmful!
Klaus Görlinger, M.D., Jerrold H. Levy, M.D., F.A.H.A., F.C.C.M.

W ith more than 300,000 
deaths, the United States is 

the country with the highest coro-
navirus disease 2019 (COVID-19) 
death toll globally, and the hospital-
ization attributable to COVID-19  
continues to increase. Beyond 
respiratory and renal failure, 
COVID-19–associated coagulopa-
thy is a major challenge with a very 
high incidence of thromboem-
bolic complications.1 In contrast 
to bacterial sepsis and disseminated 
intravascular coagulation, standard 
coagulation tests such as activated 
partial thromboplastin time, pro-
thrombin time, and antithrombin 
level do not signi cantly change in 
most COVID-19 patients, despite 
a high incidence of thrombotic 
events.2 This important nding 
further emphasizes that the clas-
sical cascade model of hemostasis 
and standard coagulation tests that 
focus on plasmatic clotting times 
do not re ect the pathophysi-
ology of thromboin ammatory 
response/ immunothrombosis as it occurs in COVID-19. 
With acute infection of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus, virus–cell and 
cell–cell-interactions, particularly among platelets, macro-
phages, neutrophils, and endothelial cells, play an essential 
role. Accordingly, the cell-based model of hemostasis and 
whole blood viscoelastic and platelet function tests are more 
appropriate to mirror the pathophysiology of COVID-19–
associated coagulopathy.3,4

In the current issue of Anest hesiol ogy, Heinz et 
al.5 report brinolysis resistance and platelet aggre-
gation in critically ill COVID-19 patients measured 
with thromboelastometry and whole blood impedance 
aggregometry. In their study, critically ill COVID-19  

patients showed hypercoagula-
bility that was characterized by 
greater values of overall maximum 
clot rmness and the correspond-
ing contribution of brin, as well 
as a greater brinolysis resistance 
to a tissue plasminogen activa-
tor (tPA) challenge—character-
ized by a longer lysis time. This 
is consistent with the recently 
published data by Nougier et al.,6 
noting that brinolysis resistance 
in tPA-thromboelastometry was 
associated with increased plas-
min-activator inhibitor-1 concen-
trations. This thromboelastometry 
test modi cation has already been 
developed and validated pre-
viously to assess the resistance 
of clots against a tPA-challenge 
(e.g., in patients with increased or 
decreased thrombin generation7). 
Other authors report hypo bri-
nolysis or brinolysis shutdown in 
patients with severe COVID-19,  
character ized by maximum lysis 
within a 60-min runtime of less 

than 3.5%. Creel-Bulos et al.8 reported that eight of nine 
(89%) COVID-19 patients with thrombosis met the crite-
ria for brinolysis shutdown, and eight of 11 (73%) patients 
with brinolysis shutdown developed thrombosis despite 
anticoagulation. In contrast, only one of 14 (7%) patients 
with physiologic brinolysis developed a thrombosis. Both 
thromboelastography (area under the receiver operating 
characteristics curve [AUC], 0.74 [95% CI, 0.58 to 0.9];  
P = 0.021)9 and thromboelastometry (AUC, 0.8 [95% CI, 
0.7 to 0.9]; P = 0.001)10 con rmed that hypo brinolysis 
was associated with an enhanced incidence of thrombo-
sis. In both studies, the combination of maximum lysis and 
D-dimer concentrations provided the highest sensitivity and 
speci city of thromboembolic risk prediction (AUC, 0.92 
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Results (1)

 The median age of the study population was 74 years and 74% were 
males; the median number of comorbidities and SOFA score were 3 
and 3, respectively; the median duration of symptoms before 
admission was 5 days

 The median D-dimer value was 1.08 mg/L

 The median EXTEM Maximum Clot Firmness (MCF) was 71.0mm and 
the median maximum lysis (ML) value was 3%
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Results (2)
The overall 30 day-mortality was 40% (14/35)
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Relation between presence of predicting 
factors, 30-day mortality and 
thromboembolic events. 
*vs group without risk factors. VTE: 
venous-thromboembolism 
ML: Maximum Lysis
D - ML: maximum D-dimer — EXTEM 
ML 
CT: Clotting Time 

 

Predicting factors 

 
 

N (%) 

 
 

Mortality 

 
 

 

p* VTE 

 
 

 

p* 

None  8 (23) 0 (0) / 0 (0) / 

Fibrinolysis shutdown 

   ML < 3.5%  

   D—ML > 3.7  

18 (51) 

7 (39) 

9 (50) 

4 (57) 

 

0.01 

0.01 

5 (28) 

2 (29) 

 

0.06 

0.1 

D-dimer > 1 mg/L  19 (54) 11 (58) 0.005 6 (32) 0.07 

CT > 79 sec 5 (14) 4 (75) 0.002 2 (40) 0.05 

1
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Results (3)
 5 patients with a specific profile characterized by a high D-Dimer value, ROTEM signs 

of fibrinolysis shutdown and high EXTEM clotting time (CT) presented an early death 
after admission (n=4) and one patient an hemodinamically unstable PE at admission  
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 Outcomes

ROTEM characteristics Early death or TVE events

N=5

No early death or TVE 

events

N=30

 

p

D-Dimer median mg/dl 15.04 (12.52-33.35) 0.78 (0.24-17.97) <0.0001

CT mean sec. 87.5 (71.5-147.5) 63.5 (58.3-73.5) 0.001

MCF mean mm 63.0 (50.0-65.0) 71.5 (68.0-73.0) 0.001

ML % 0 (0-2.0) 3.5 (1.0-5.0) 0.15

CT: Clotting Time
MCF: Maximum Clot Firmness
ML: Maximum Lysis
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Discussion

 Our results suggest that the altered ROTEM values in combination with D-dimer 
could be used to better identify the presence of fibrinolysis shutdown in those 
patients

 Our findings highlight that the mechanisms to explain the coagulability state of 
patients infected with SARS-CoV-2 is very complex: for example, the significance 
of high value of EXTEM clotting time (CT) is not yet known since now
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Conclusions

 Our results confirm altered ROTEM values in early stage of patients with severe 
COVID-19

 The combination of D-dimer concentrations, fibrinolysis shutdown and ROTEM 
CT prolongation may provide valuable in identifying patients at high risk of 
early onset of thrombosis and death which potentially requiring specific 
therapies
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