
examined with large-scale data. This small case series seems

to suggest that MGUS may not pose additional risks for poor

outcome in COVID-19 infection.
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Re The source of elevated plasma D-dimer levels in COVID-19
infection

Dear Sir,

Markedly elevated D-dimer levels are seen in severe

COVID-19 infection and have been related to a poor prog-

nosis.1-2 D-dimers are elevated alongside other acute inflam-

matory plasma markers such as fibrinogen, C-reactive

protein (CRP) and serum ferritin.1 The elevation of plasma

D-dimers has been taken to indicate there is a coagulopathy,2

and the assumption has been made that the increased fibri-

nolysis is secondary (due to thrombin generation), indeed an

indication of disseminated intravascular coagulation (DIC).

However frank DIC seems unlikely as these patients do not

fulfil the International Society on Thrombosis and

Haemostasis (ISTH) criteria for DIC3 and there is hardly

consumption of coagulation factors and physiological antico-

agulants; indeed fibrinogen levels are very elevated.1-4

We propose an alternative hypothesis: we suggest that the

origin of D-dimers is a direct consequence of the acute lung

injury seen in COVID-19 pneumonia. For one, the hallmark

of acute lung injury is intra-alveolar fibrin deposition. The

levels of fibrin are controlled by alveolar epithelial cells which

produce urokinase and regulate extravascular proteolysis by

regulating expression of urokinase-type plasminogen activa-

tor (uPA), its receptor uPAR, and plasminogen activator

inhibitor-1 (PAI-1) at post-transcriptional levels. Urokinase
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then converts plasminogen to plasmin, which cleaves local

fibrin.

COVID-19 infection has many clinical and histological

similarities to Severe Acute Respiratory Syndrome Coronoa-

virus (SARS-CoV). Gralinski et al.4 have shown in a mouse

model of SARS-CoV a critical role for the urokinase pathway

in regulating severe end-stage lung disease outcomes follow-

ing SARS-CoV infection. They showed that the larger the

dose of SARS the more severe was the clinical manifestation

and greater the rise in lung urokinase expression. Lastly,

another marker of COVID-19 pneumonia is the presence of

many macrophages within the lung tissue. Macrophages are

well known to generate plasmin and metalloproteinases

(MMPs), but they have also been described to produce fibri-

nolysis by an alternative pathway — fibrin and fibrinogen

bind to CD11b/CD16 (also known as Mac-1) and are inter-

nalised into lysosomes where cathepsin D can degrade fibrin

and fibrinogen independently of plasmin.5

Based on the above evidence we suggest it is logical to

consider that D-dimer levels, like those of other acute-phase

proteins such as CRP, ferritin and fibrinogen, which are sim-

ilarly very high in severe COVID-19 infections, represent the

degree of lung inflammation present within the lungs in

COVID-19 infection. Being related to the extent of lung

inflammation would therefore explain why their plasma

levels relate to clinical outcome .

Conflicts of interest

The authors declare to have no potential conflicts of interest

regarding the present work.

Beverley J. Hunt1

Marcel Levi2

1Thrombosis & Haemophilia Centre, Guy’s & St Thomas’ NHS Foun-

dation Trust, and 2Department of Medicine and Cardiometabolic Pro-

gramme-NIHR UCLH/UCL BRC, University College London Hospitals

NHS Foundation Trust, London, UK.

E-mail: Beverley.hunt@gstt.nhs.uk

First published online 18 June 2020

doi: 10.1111/bjh.16907

References

1. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk

factors for mortality of adult inpatients with COVID-19 in Wuhan, China:

a retrospective cohort study. Lancet. 2020;395(10229):1054–62. https://doi.

org/10.1016/S0140-6736(20)30566-3

2. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are asso-

ciated with poor prognosis in patients with novel coronavirus pneumonia. J

Thromb Haemost. 2020;18(4):844–7. https://doi.org/10.1111/jth.14768

3. Taylor FB Jr, Toh CH, Hoots WK, Wada H, Levi M. Scientific Subcommit-

tee on Disseminated Intravascular Coagulation (DIC) of the International

Society on Thrombosis and Haemostasis (ISTH). Towards definition, clini-

cal and laboratory criteria, and a scoring system for disseminated intravas-

cular coagulation. Haemost Thromb. 2001;86(5):1327–30.

4. Gralinski LE, Bankhead A 3rd, Jeng S, Menachery VD, Proll S, Belisle SE,

et al. Mechanisms of severe acute respiratory syndrome coronavirus-in-

duced acute lung injury. mBio. 2013;4(4). pii: e00271-13. https://doi.org/10.

1128/mBio.00271-13

5. Loscalzo J. The macrophage and fibrinolysis. Semin Thromb Hemost.

1996;22(6):503–6.

Prevalence of venous thromboembolism in critically ill patients
with COVID-19

COVID-19, the disease caused by the novel Severe Acute

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), was

first reported in January 2020.1,2 It has become apparent that

coagulopathy is a hallmark of the disease.3,4 Additionally,

thrombotic complications, including venous thromboem-

bolism (VTE), have been reported to occur in 27–69% of

critically ill patients with SARS-CoV-2.5–9 As a result of these

reports and other anecdotal evidence, many critically ill

patients are receiving empiric therapeutic anti-coagulation.

Yet, experts generally recommend against the use of thera-

peutic anti-coagulation prior to the development of VTE or

another clinical indication.4,10,11

In order to further our understanding of VTE in COVID-

19, we evaluated its prevalence as diagnosed through usual

care in patients admitted to our intensive care unit (ICU).

We also sought to determine the association between a diag-

nosis of VTE and clinical outcomes. We describe the clinical

characteristics of our critically ill patients, frequency of VTE

diagnosis, and potential clinical and laboratory predictors of

a VTE diagnosis. Last, we performed a multivariate analysis

to investigate the association between presence of a VTE

diagnosis and mortality.

Patients and methods

We performed a retrospective cohort study of critically ill

patients with laboratory-confirmed COVID-19 admitted to an

academic medical centre in Colorado. We included adult

patients (age ≥18 years old) who received ICU care. The Col-

orado Multiple Institutional Review Board approved the study.
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