
Thrombosis and COVID-19: 
Pathophysiology

D. TSAKIRIS

MEET THE HEMOSTASIS EXPERTS IV

12. NOVEMBER 2020

DIMITRIOS.TSAKIRIS@USB.CH



RM, *22.11.1961 M
24.3.20 Emergency USB, upper respiratory tract infection
◦ 24h later COVID-positiv

29.3.20 self referral with cough, dyspnea
◦O2 saturation 85% at 10L O2

◦ ICU
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DIC-Score according to ISTH
Platelet count

◦ >100 Giga/L =0; <100 Giga/L = 1; <50 Giga/L = 2

D-dimers
◦ Fibrinmonomers or d-dimers
◦ normal = 0; high= 2; very high= 3

Prolonged PT/INR 
◦ <3 Sec. = 0; 3-6 Sec. = 1; >6 Sec. = 2
◦ INR <1.3 = 0, INR 1.3-1.6 = 1, INR >1.6 = 2

Fibrinogen 
◦ >1.0 g/l = 0, <1.0 g/l = 1)

Taylor FB, et al. Thromb Haemost 2001;86:1327-30

Score ≥ 5 : overt DIC
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participating hospitals waived the need for informed consent due to the
observational nature of our study.

We studied 184 patients with proven COVID-19 pneumonia
(Table 1) admitted to the ICU between March 7th and April 5th 2020.
Of those, 23 died (13%), 22 were discharged alive (12%) and 139
(76%) were still on the ICU on April 5th 2020. The median duration of
the observation per patient was 7 days (IQR 1-13). All patients received
at least standard doses thromboprophylaxis, although regimens di!ered
between hospitals and doses increased over time (Table 2). The cu-
mulative incidence of the composite outcome was 31% (95%CI 20-41%;
Fig. 1, Table 3), of which CTPA and/or ultrasonography confirmed VTE
in 27% (95%CI 17-37%) and arterial thrombotic events in 3.7% (95%CI
0-8.2%). PE was the most frequent thrombotic complication (n = 25,
81%). Age (adjusted hazard ratio (aHR) 1.05/per year, 95%CI 1.004-
1.01) and coagulopathy, defined as spontaneous prolongation of the
prothrombin time > 3 s or activated partial thromboplastin time > 5 s
(aHR 4.1, 95%CI 1.9-9.1), were independent predictors of thrombotic
complications.

Despite systematic thrombosis prophylaxis, the 31% incidence of
thrombotic complications in ICU patients with COVID-19 infections is
remarkably high and well comparable to the VTE incidence in other
patient categories with overt DIC [5]. Notably, none of our patients
actually developed DIC.

What are the consequences of our observations? First, they re-
present a conservative estimation, because the majority of patients was
still on the ICU and therefore at risk after the described observation
period. Also, VTE is more di"cult to recognize in intubated patients
with a higher threshold to perform diagnostic imaging tests because of
strict isolation. If VTE screening had been applied, the incidence could

have been even higher. We have to acknowledge that due to the design
of the study, we could not adjust our findings for the actual adminis-
tered doses of nadroparin, nor study the e!ect of the changes in the
local protocols for thromboprophylaxis indicated in Table 2. In view of
this, our findings reinforce the recommendation to strictly apply
pharmacological thrombosis prophylaxis in all COVID-19 patients ad-
mitted to the ICU, and are suggestive of increasing the prophylaxis
towards high-prophylactic doses, e.g. going from enoxaparin 40 mg OD
to 40 mg BID, even in the absence of randomized evidence.

Finally, we propose that, rather than treating all patients with
COVID-19 infections at the ICU with therapeutic anticoagulation,
physicians should be vigilant for signs of thrombotic complications, and
order appropriate diagnostic tests at a low threshold [5].
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first version of the manuscript. All authors revised the manuscript

Table 1
Characteristics of included patients.
Age (Mean, standard deviation) 64 (12)
Male sex (number, %) 139 (76)
Body weight (mean, standard deviation) 87 (16)
Active cancer (number, %) 5 (2.7)
Coagulopathy during admissiona (n, %) 70 (38)
Therapeutic anticoagulation at admission (n, %) 17 (9.2)
Renal replacement therapy during admission (n, %) 23 (13%)

a Defined as: spontaneous prolongation of the prothrombin time (PT) >3 s or
activated partial thromboplastin time (APTT) > 5 s.

Table 2
Local protocol for thromboprophylaxis in participating centres for patients admitted to the intensive care unit during the study period.
Site

Leiden University Medical Center nadroparin 2850 IU sc per day or 5700 IU per day if body weight > 100 kg
Erasmus University Medical Center Nadroparin 5700 IU per day; nadroparin 5700 IU sc twice daily from April 4th 2020 and onwards
Amphia Hospital Breda Nadroparin 2850 IU sc per day or 5700 IU per day if body weight > 100 kg;

nadroparin 5700 IU sc per day from March 30th 2020 and onwards

Fig. 1. Cumulative incidence of venous and arterial thrombotic complications
during the course of intensive care unit admission of patients with proven
COVID-19 pneumonia.
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Klok F, et al. Thromb Res 2020; 191: 145-7

Thrombosis is frequent in COVID-19



Pathophysiological changes in COVID-19 
cause small- and large-vessel thrombosis
Local inflammation
◦ Local viral damage

Systemic inflammation
◦Cytokines
◦Viremia

Endotheliopathy
◦ Local
◦ Remote

Connors JM, et al. Blood 2020; 135: 2032-40 
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(Micro)Thrombosis in COVID-19 and Its Therapeutic Implications, 
Volume: 127, Issue: 4, Pages: 571-587, DOI: 
(10.1161/CIRCRESAHA.120.317447) © 2020 American Heart Association, Inc.



Pathophysiological changes in COVID-19
Local inflammation
◦ Pyroptosis of lung epithelium
◦ Local damage
◦ ARDS

◦Alveolar fibrin depositions
◦ High d-dimers without evident thrombosis

◦ Endothelial stimulation
◦ High fibrinolytic capacity
◦ High d-dimers without evident thrombosis
◦ High procoagulant fibrinogen, VWF, other

Connors JM, et al. Blood 2020; 135: 2032-40 
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Pathophysiological changes in COVID-19
Systemic inflammation
◦Viremia
◦Macrophage activation
◦ Ferritin, Cytokine storm, IL-6

Connors JM, et al. Blood 2020; 135: 2032-40 



Pathophysiological changes in COVID-19
Endotheliopathy
◦Viral inclusions
◦Macrophage and neutrophil infiltration
◦ Tissue factor release
◦ NETs
◦ Complement activation

◦ Endothelial cell apoptosis
◦ Microvascular thrombosis
◦ Large vessel thrombosis

Connors JM, et al. Blood 2020; 135: 2032-40 
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COVID-19 continues to cause significant mortality around the world. 
One of the key pathogenic features observed in COVID-19 is the in-
tense inflammation induced by the severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) with the development of a cytokine 
storm in the most severe cases. From the coagulation perspective, 
colleagues from different parts of the world have noted several-fold 
increase in fibrinogen levels in many patients who require critical care 
support.1-3 Why might the fibrinogen levels increase so much?

Fibrinogen is a glycoprotein produced in the body's major syn-
thetic machinery, the liver, which is also an overlooked anti-infective 
organ. This is clearly evidenced in sepsis being one of the most com-
mon causes of death in patients with liver cirrhosis.4 The liver, in its 
anti-infective role, releases several acute phase reactants including 
fibrinogen, ferritin, C-reactive protein (CRP), and a plethora of cy-
tokines. Several reports have confirmed marked elevation of these 
acute phase proteins in patients requiring hospitalization for COVID-
19, suggesting the liver function is in overdrive.2,3,5 These different 

molecules including ferritin, CRP, and fibrinogen play key roles in the 
body's defense against invading pathogens.
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Ferritin and the regulatory molecule hepcidin are crucial in the iron-in-
fection axis.6 Every micro-organism needs iron for their survival. In in-
fectious states, iron is sequestered from the circulation inside ferritin; 
a process regulated by hepcidin, thus limiting the supply to the patho-
gens.6 Clinically, this important role of ferritin was observed in nega-
tive trials in which routine iron supplementation for preschool children 
in a malaria-endemic population resulted in increased risk of severe 
illness and death.7,8 Another acute phase reactant, CRP, also plays a 
protective role in pro-inflammatory states with high likelihood of adult 
respiratory distress syndrome (ARDS). In patients with trauma, CRP 
was shown to defend the human body from histone-induced endothe-
lial cell damage.9��o�v;�;�r;ubl;m|v�0��|_bv�]uo�r�v_o�;7��!��=oulv�
a complex with histones and protects the host from endothelial leak-
age/damage which would have resulted in lung edema, and pulmonary 
thrombosis (both commonly noted in COVID-19).9 A third member of 
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Hypercoagulability has been recognized as a common complication of COVID-19. 
Exact mechanisms for this extreme coagulation activation have not yet been eluci-
dated. However, one of the consistent laboratory finding is the increase in fibrino-
gen, in some cases, marked elevation. High circulating levels of fibrinogen have been 
linked to thrombosis for years and for this reason, hyperfibrinogenemia is considered 
one of the mechanisms for COVID-19 coagulopathy. In this forum article, instead of 
the prothrombotic role, a protective function for fibrinogen is discussed. Fibrinogen, 
like the other well-known acute phase reactants, is increased in COVID-19 possibly 
to protect the host.
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COVID-19, D-dimers, fibrinogen, platelets, thrombosis



Limulus polyphemus



Limulus test 1964

Endotoxin

Coagulogen Coagulin GEL

Levin J, et al. Bull Johns Hopkins Hosp 1964; 115: 265-74



Human coagulation theory 1904

Tissue-Extract

Prothrombin Thrombin

Fibrinogen

FIBRINFIBRIN

Rokitansky, 1904
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VIIIa

Xa, Va, Ca++

IX
VII/TF
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Prothrombin Thrombin

Platelets

Fibrinogen

FIBRIN
D-Dimers

FIBRIN

Fibrinolysis

Human coagulation 1960



Pathophysiological changes in COVID-19 
cause small- and large-vessel thrombosis
Local inflammation
◦ Local viral damage

Systemic inflammation
◦ Cytokines
◦ Viremia
◦ High procoagulant proteins

Endotheliopathy
◦ Local
◦ Remote

Connors JM, et al. Blood 2020; 135: 2032-40 
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