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COVID-19 and thrombosis
With reference particularly to venous thromboembolism*

Introduction
The outbreak of COVID-19 early this year brought with it a tidal wave of publications 
dealing with the many clinical faces of this viral pneumonia, the management of the 
illness and the means by which medical personnel may be protected. This report 
examines the role of thrombosis in COVID-19.

LEARNING OBJECTIVES

You will learn: 

• The symptoms and progression of COVID-19 illness

• The evidence of clotting system activation on COVID-19 infection

• Factors influencing the incidence of venous thromboembolism (VTE) in COVID-19 infection

• Recommended anticoagulation in COVID-19 infection.

What are the symptoms of COVID-19? 
COVID-19 disease has a variety of pres-
entations. The majority of patients are 
asymptomatic or develop mild upper res-
piratory tract symptoms following expo-
sure to the virus (Figure 1). This first phase 
of the illness follows the pattern com-
monly seen in viral upper respiratory tract 
infection. Between 70 and 90% of patients 
develop fever, cough and dyspnoea. Loss 
of smell and taste, nausea and diarrhoea 
are less frequent. Approximately 15% of 
patients go on to develop severe pneu-
monia, particularly attacking the lower 

zones of the lungs. Myocarditis and acute 
coronary syndromes (ACS) may compli-
cate the picture. A cytokine storm may 
develop as a host response to the infection 
resulting in severe illness. These patients 
can progress to acute respiratory distress 
syndrome (ARDS), thromboembolism 
and multiorgan failure. The gravity of the 
condition frequently necessitates inten-
sive care, mechanical ventilation, renal 
replacement therapy and circulatory sup-
port. The mortality rate in this group is 
around 50%.

*Report to accompany the COVID-19 and thrombosis video

Figure 1. The clinical manifestations of COVID-19 disease

GI: gastrointestinal; ACS: acute coronary syndrome; ARDS: acute respiratory distress syndrome
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How does COVID-19 illness progress?

Graphs from the original series of 
patients reported from Wuhan, China, 
plot the serial laboratory results of 
patients with COVID-19, comparing sur-
vivors with non-survivors (Figure 2). In 

the non-survivors there was a progressive 
fall in the lymphocyte count and a rise 
in D-dimer, urea, and creatinine, begin-
ning in the second week. By this time, a 
cytokine storm has developed.

Despite the wide variety of clinical syn-
dromes occurring in conjunction with 
COVID-19, it is important to recognise 
that pneumonia complicated by ARDS 
remains the primary cause of hypoxia and 
death. However, emerging data strongly 
suggest that VTE plays a significant role 
in the morbidity and mortality of these 
patients and adds to the complexity of 

managing these patients.
This computerised tomography (CT) 

scan of the chest in a patient with COVID-
19 shows the typical bilateral pulmonary 
consolidations in the lung bases (Figure 
3). The CT scan of yet another patient 
shows more extensive changes with 
destruction of pulmonary parenchyma 
(Figure 4). 

Figure 2. Comparing survivors with non-survivors: lymphocyte count, D-dimer, blood urea nitrogen and 
creatinine in days after COVID-19 disease onset

Figure 3. COVID-19 pneumonia Figure 4. COVID-19 pneumonia showing 
destruction of pulmonary parenchyma
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A series of scans taken at different levels 
in the patient’s chest shows how exten-
sive the changes may be (Figure 5). A 
post-mortem study has shown that these 

lung changes are associated with intense 
endothelial inflammation and local 
thrombosis.

Factors associated with in-hospital deaths

Results from a large study of in-hospital 
death from COVID-19 in New York are 
shown in Figure 6. The prognosis was 
worse in patients over 65 years of age, 
those with coronary heart disease, or con-
gestive heart failure, or arrhythmia, or 

chronic obstructive pulmonary disorder 
(COPD) and/or those currently smoking. 
The prognosis was less severe in women 
and in those receiving an angiotensin-
converting enzyme (ACE) inhibitor and/
or a statin.

Observational studies and case reports 
suggest that COVID-19 has been associ-
ated with an increase in the frequency 
of deep venous thrombosis, pulmonary 
embolism, ACS and stroke, the latter 

particularly in younger males. In Klok’s 
study in the Netherlands, the incidence of 
thrombotic complications was 31%, four-
fifths of which were due to pulmonary 
embolism.1

Figure 5. COVID-19 pneumonia – scans at different levels show extensive changes in the lungs

Figure 6. Independent predictors of in-hospital death from multivariable logistic-regression analysis

Risk factor
Risk factor 

present
Risk factor 

absent
Odds Ratio (95% CI)

No. of patients who died/total no. (%)

>65yr of age 147/1474 (10.0) 368/7436 (4.9) 1.93 (1.60–2.41)

Female sex 179/3571 (5.0) 336/5339 (6.3) 0.79 (0.65–0.95)

Coronary artery disease 103/1010 (10.2) 412/7900 (5.2) 2.70 (2.08–3.51)

Congestive heart failure 29/189 (15.3) 486/8721 (5.6) 2.48 (1.62–3.79)

Arrhythmia 35/304 (11.5) 480/8606 (5.6) 1.95 (1.33–2.86)

COPD 32/225 (14.2) 483/8685 (5.6) 2.96 (2.00–4.40)

Current smoker 46/491 (9.4) 469/8419 (5.6) 1.79 (1.29–2.47)

Receiving ACE inhibitor 16/770 (2.1) 499/8140 (6.1) 0.33 (0.20–0.54)

Receiving ARB 38/556 (6.8) 477/8354 (5.7) 1.23 (0.87–1.74)

Receiving statin 36/860 (4.2) 479/8050 (6.0) 0.35 (0.24–0.52)

0.1 1.0 10.0
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What is the evidence of clotting system activation 
in COVID-19? 
Various studies have produced substan-
tial evidence that the clotting system 
is activated in severe COVID-19. The 
changes that have been reported include 
increases in D-dimer, baseline prothrom-
bin time, and modest thrombocytopae-
nia.  Increases in the activated partial 
thromboplastin time, fibrinogen, fibrin 
degradation products and lactate dehy-
drogenase (LDH) have been recorded.2 
Concomitant with these changes, there 
are elevations in markers of inflammation 
such as C-reactive protein (CRP), ferritin, 

and interleukin-6 that promote thrombo-
sis. An elevation in D-dimer is associated 
with a particularly poor prognosis.

Figure 7 shows a pulmonary angiogram 
of a patient with COVID-19 showing a 
very large pulmonary embolus in the left 
pulmonary artery. This patient was treated 
by mechanical thrombectomy. The image 
on the right shows the clots extracted from 
the pulmonary artery.3 Figure 8 is a CT 
pulmonary angiogram of another patient 
with COVID-19 demonstrating a saddle 
embolus in the main pulmonary artery.4

As further corroboration of the throm-
botic tendency in COVID-19 patients, 
post-mortem images show a deep vein 
thrombosis (DVT) in the femoral vein 
and an embolus in a pulmonary artery 
(Figure 9).  

Figure 7. Clots aspirated by mechanical thrombectomy

Figure 8. Saddle embolus in main pulmonary 
artery

Figure 9. Post-mortem: DVT in femoral vein and pulmonary embolus

http://www.denovomedica.com
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Figure 10 is a short-axis view through 
the left ventricle on a bedside echocar-
diogram. The prominent enlargement of 
the right ventricle in this patient strongly 
suggests pulmonary hypertension and 
a high likelihood of pulmonary embo-
lism.4 Combining meticulous clinical 
observation, the electrocardiogram and 
an echocardiogram may firmly establish 
the diagnosis of VTE and avoid investiga-
tions that risk exposing additional medi-
cal personnel to infection. 

Which factors influence the incidence of VTE in COVID-19 infection? 
VTE has been observed in 20-36% of 
patients with COVID-19.5 This may not 
be an unexpected phenomenon given 
the severe inflammatory response and 
hypoxia that is present. Add to this 
immobilisation, advanced age, frequent 
comorbidity and, on occasion, a his-
tory of prior thromboembolism - all will 

promote a prothrombotic environment. 
Aside from these general considerations, 
specific activation of clotting mechanisms 
by COVID-19 very likely plays a role. 
Importantly, disseminated intravascular 
coagulation has been observed in 71% of 
those patients who die of COVID-19.

What are the recommendations for anticoagulation 
in patients with COVID-19?

There is very little information available 
regarding the value and safety of antico-
agulation in patients with COVID-19. A 
study from New York showed a nonsig-
nificant benefit of anticoagulation when 
all hospitalised patients were considered 
but, as seen in the panel on the right, 

anticoagulation was beneficial when only 
those patients requiring mechanical venti-
lation were considered (Figure 11). Those 
who received an anticoagulant had a 30% 
lower mortality and a longer median sur-
vival of more than 50%.6

Figure 10. Echocardiogram showing enlargement 
of right ventricle

Figure 11. In-hospital mortality in ventilated COVID-19 patients with and without anticoagulation
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In dealing with COVID-19 patients, it is 
important to maintain a high index of 
suspicion regarding the occurrence of 
VTE (Table 1).5 An important considera-
tion is the need to isolate patients under 
investigation and those who are COVID-
19 positive to limit exposure and possi-
ble transmission to medical staff  and to 
other patients. Thus, the need for proce-
dures such as CT scanning and invasive 
angiography has to be carefully weighed 
against the exposure risk. This said, the 
isolation and avoidance of investiga-
tion can potentially disrupt the care of 
patients who do not have COVID-19. 
Thromboprophylaxis with intravenous 

unfractionated heparin (UFH) or sub-
cutaneous low-molecular-weight heparin 
(LMWH) in standard doses is recom-
mended for all hospitalised patients. Some 
authorities favour using larger doses than 
the standard. LMWH is favoured as 
its use does not entail the regular blood 
draws for monitoring and more frequent 
exposure of staff  during administration 
that unfractionated heparin requires. It 
is important to keep alternative causes 
of VTE in mind when it is detected. For 
instance, thrombosis may occur on the 
basis of heparin-induced thrombocyto-
paenia (HIT), requiring an alternative 
approach. 

Table 1. Maintain a high index of suspicion with the occurrence of VTE

• Use thromboprophylaxis in standard (or higher?) dose

• Patient isolation vital to limit possible transmission

• Isolation potentially disrupts care of patients without COVID-19

• Keep alternative causes of thrombosis, e.g. HIT, in mind

• Apply standard management principles:

 – Anticoagulation: LMWH preferred to UFH

 – Fibrinolysis

 – Mechanical thrombectomy

• Post-discharge anticoagulation for 30-40 days. NOAC preferred.

Experts advise following the stand-
ard management principles for VTE in 
COVID-19 patients regarding the use of 
anticoagulation, fibrinolysis and mechan-
ical thrombectomy. They advocate 
favouring anticoagulation with LMWH 
for the reasons given above. Patients who 
have recovered should be anticoagulated 
for 30-40 days post-discharge. Expert 
opinion favours using a non-vitamin K 
oral anticoagulant (NOAC) such as rivar-
oxaban in preference to warfarin with 
its attendant need for regular laboratory 

monitoring and remote management. 
The anticoagulant dose will depend on 
whether thromboprophylaxis or continu-
ation of treatment is intended following 
an episode of VTE.

Figures 12 and 13 show the decision 
tree for the management of patients used 
in Layola Medical Center, which allows 
for the triage of patients taking into 
account their COVID-19 status and the 
severity of their condition while avoiding 
needless exposure to uninfected persons.

Patients who have 
recovered should be 
anticoagulated for 
30-40 days post-
discharge. Expert 
opinion favours 
using a NOAC such 
as rivaroxaban 
in preference to 
warfarin with its 
attendant need for 
regular laboratory 
monitoring and 
remote management

http://www.denovomedica.com
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Figure 12. Decision tree for the management of patients used in Layola Medical Center

Figure 13. Decision tree for the management of patients used in Layola Medical Center starting with a reassessment with COVID-19 result
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KEY LEARNINGS

• Emerging data strongly suggests that VTE plays a significant role in the morbidity and mortality 
of COVID-19 patients with pneumonia complicated by ARDS

• COVID-19 has been associated with an increase in the frequency of deep venous thrombosis, 
pulmonary embolism, ACS and stroke

• There is substantial evidence that the clotting system is activated in severe COVID-19

• VTE has been observed in 20-36% of patients with COVID-19

• There is very little information available regarding the value and safety of anticoagulation in 
patients with COVID-19; experts advise following the standard management principles for VTE 
in COVID-19 patients favouring LMWH or a NOAC.
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