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Infection with SARS-CoV-2, initially isolated to one location in early 2020, rapidly spread to become a 

global pandemic. In early reports, patients with COVID-19 were noted to have multiple coagulation 

test abnormalities, including elevated D-dimer levels, and increased thrombotic events (1, 2). These 

complications have been attributed to “thromboinflammation”, a process in which innate immune 

responses and inflammation trigger coagulation, and endotheilialitis (3), a result of infection of 

endothelial cells with SARS-CoV-2. Severity of inflammation has been associated with extent of 

coagulation test abnormalities: for example, higher IL-6 levels are correlated with increasing 

fibrinogen levels (4). Autopsy studies, first from China and then from Europe, found microvascular 

thrombosis in patients with COVID-19; these clots were initially thought to be confined to the lungs 

but were subsequently found in other organs including the heart and kidneys (1, 5).  Microvascular 

thrombosis may, in turn, lead to hypoxemia, organ failure, and death. The thromboinflammatory 

response to SARS-COV-2 infection and endothelialitis have been proposed to be driving arterial and 

venous large vessel thrombosis as well as microvascular thrombosis in people with COVID-19 

(Figure).  

 

What is the rate of thrombosis in people with COVID-19? The answer to this seemingly 

straightforward question has been controversial. One early report from China noted a 25% 

thrombosis rate in critically ill patients (6), prompting use of prophylactic dose low molecular weight 

heparin (LMWH) for hospitalized patients, a practice that was not standard of care in Asian countries 

as the baseline risk of thrombosis in the population is lower than in Europe countries and the US  (7, 

8, 9). Subsequently, in a retrospective study, use of heparin for venous thromboembolism (VTE) 

prophylaxis was found to decrease  thrombosis in critically ill patients (10). Studies from the 

Netherlands (11, 12) demonstrated increased incidence of venous and arterial thrombosis in 

patients who were critically ill with COVID-19. In France, patients in the intensive care unit (ICU) with 

COVID-19 acute respiratory distress syndrome (ARDS) were found to have higher rates of 

symptomatic VTE than similarly ill ICU patients with non-COVID-19 ARDS (historic controls) (13). In 

another study, rates of symptomatic pulmonary emboli were 20.6% in mechanically ventilated 

patients with COVID-19 compared to 6.1% in ICU patients with similar characteristics from the year 

before and 7.5% in a cohort of mechanically ventilated patients with influenza (14). In these 

European studies, standard dose VTE prophylaxis with heparins was used. Findings from the US are 

similar, with high rates of thrombosis reported especially in ICU patients (15, 16). Based on these 

data, particularly in patients who are critically ill because of COVID-19, some centers began using 

doses of anticoagulants higher than standard prophylaxis in an attempt to improve clinical 

outcomes.  
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With this backdrop, the findings by Dalager-Pedersen and colleagues in Clinical Infectious Diseases 

showing a much lower rate of VTE are particularly striking (17). This study assessed the rate of 

thrombotic events in two cohorts: one drawn from a nationwide population-based registry of people 

in Denmark and the other from a more detailed curation of electronic health records (EHR) of all 

patients with COVID-19 hospitalized at 6 academic centers. In the nationwide registry, rates of 

thrombosis in patients with positive tests for COVID-19 (16% of whom were hospitalized) were 

compared with COVID-19 negative patients (12% of whom were hospitalized) and with a historic 

cohort of patients with influenza (59% of whom were hospitalized). At a population level, the rate of 

VTE in people with COVID-19 was similar to that of people without COVID-19 and those with 

influenza (0.4%, 0.3%, and 1.0% respectively). Risks of VTE in the 582 hospitalized patients with 

COVID-19 in the EHR cohort were higher: 4% in ward patients and 7% in ICU patients. Major bleeding 

rates in the registry cohort was similar for those who were COVID-19 positive, those who did not 

have COVID-19, and those with influenza (2.3%, 4.5% and 2.4%, respectively); the rate of major 

bleeding was highest in the EHR cohort who were critically ill (11%). 

 

This study has considerable strengths – including a large sample size in the nationwide cohort and a 

comparison group of people without COVID-19 – and an important message, namely that VTE rates 

may be lower than previously reported. However, Dalager-Pedersen and colleagues acknowledge 

the study’s limitations, some of which reflect challenges faced globally by all investigators trying to 

collect data in the face of an overwhelming pandemic. These limitations include the fact that over 

the course of the study, which ran from January to June 2020, Danish national guidelines for 

anticoagulation dose changed; unfortunately, specific data on anticoagulation dose for those in the 

national registry cohort were not available. In addition, the evolution in testing and medical care – 

including use of antivirals, anti-cytokine therapies and other immumomodulators -- is not discussed. 

The proportion of patients requiring ICU care in the EHR cohort (23%) was lower than what we 

experienced in the US: at one of our institutions, 48% of the first 210 patients admitted with COVID-

19 required ICU care and 86% of these were mechanically ventilated (15).  

 

What accounts for the lower rate of VTE in this study as compared with others? As demonstrated in 

a meta-analysis of VTE risk in patients with COVID-19, different radiologic imaging strategies 

markedly affect the prevalence of VTE. In the meta-analysis, the overall prevalence of VTE was 14.1% 
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(18). Not surprisingly, use of screening lower extremity ultrasound and disease severity influence the 

rate of diagnosed VTE: in ICU patients, the rate was 18.7% with no screening compared to 45.6% 

with screening; in non-ICU hospitalized patients the prevalence was 5.5% without screening and 23% 

with screening.  Of note, the use of imaging in the study by Dalager-Pedersen et al was low, with 

only 13% of the EHR cohort imaged with CT, 1% with ventilation-perfusion scans, and 3% with lower 

extremity ultrasound.  

 

In addition to the possibility of ascertainment bias, other factors may markedly influence results 

from different studies, leading to controversy and confusion. When calculating VTE incidence, crude 

rates may not account for the competing risk of mortality. Retrospective data from single centers are 

prone to bias. There are variations between studies in the definitions of VTE, major bleeding events, 

and COVID-19 severity. And finally, over the course of the pandemic and in different regions, there 

has been heterogeneity in criteria for SARS-CoV-2 testing, threshold for hospital admission and ICU 

care, and the interventions used to treat COVID-19, all of which may influence VTE rates. Going 

forward, standardized definitions, measurements and analytic approaches are needed to make 

progress. 

 

Indeed, with ongoing surges in new cases of COVID-19 around the world, and with new SARS-CoV-2 

variants that might change the trajectory of the pandemic, there is a critical need for accurate data 

on VTE incidence to guide care. Early treatment decisions on anticoagulation intensity were based 

on initial reports of VTE event rates and local experience. In fact, guidelines for anticoagulant dose 

have been mixed in their messaging: while most support the use of established or standard dose 

anticoagulants for VTE prophylaxis (American Society of Hematology 

https://www.hematology.org/covid-19 ; American College of Chest Physicians (19)) others note that 

30-50% of members support use of intermediate intensity dose, or dose based on weight, D-dimer, 

and severity of illness (American College of Cardiology (20)  International Society on Thrombosis and 

Haemostasis (21)  Royal College of Physicians https://www.nice.org.uk/guidance/ng186/chapter/1-

Patients-with-COVID-19-pneumonia-managed-in-hospital)  Anticoagulation Forum (22)). 

 

The goal of anticoagulation in COVID-19 is to prevent macrovascular venous and arterial thrombosis, 

with the hope of mitigating the devastating effects of microvascular thrombosis (Figure). There is 

significant variation in practice from center to center, usually with higher dose strategies for those 
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admitted to the ICU, despite lack of definitive data for efficacy and safety in people with COVID-19. 

Given the bewildering array of anticoagulation strategies that are being used, how are we to make 

progress in this critical area of care? Clearly, the best way forward is to conduct and complete 

randomized controlled trials (RCTs) rather than relying on often conflicting data from single center 

non-randomized studies. At present many anti-thrombotic clinical trials are underway around the 

world, evaluating different intensities of anticoagulation from standard dose used for prophylaxis to 

full therapeutic dose; some studies also include antiplatelet agents 

(https://www.clinicaltrials.gov/ct2/results?cond=covid-

19+and+anticoagulation&term=&cntry=&state=&city=&dist=; accessed January 24, 2021). 

 

The critical importance of randomized controlled trials to lead us from controversy to conclusions is 

highlighted by rapidly evolving information from three clinical platform trials being conducted 

around the world. In recent weeks, enrollment of critically ill patients was halted into the 

therapeutic dose anticoagulation arms of the ACTIV-4 Antithrombotics Inpatient, REMAP-CAP, and 

ATTACC trials based on findings of futility to prevent 21 day organ free support; of note, a potential 

for harm in this subgroup could not be excluded (https://www.nih.gov/news-events/news-

releases/nih-activ-trial-blood-thinners-pauses-enrollment-critically-ill-covid-19-patients). By 

contrast, in moderately-ill hospitalized patients (those not in intensive care and not receiving organ 

support), interim results are that therapeutic dose anticoagulation is superior to prophylactic dose 

anticoagulation at reducing need for ventilation or other organ support (https://www.nih.gov/news-

events/news-releases/full-dose-blood-thinners-decreased-need-life-support-improved-outcome-

hospitalized-covid-19-patients).  If borne out when more information is available, these findings 

suggest there may be a “window of opportunity” during which anticoagulation makes a difference: 

moderately-ill hospitalized patients may benefit from therapeutic anticoagulation whereas critically 

ill patients may need other interventions, perhaps because the window of opportunity to prevent 

thrombotic omplications has closed.  Clearly, more information (beyond press releases) is needed 

from these and other studies before drawing this conclusion. Moreover, as illustrated by the low 

rate of thrombosis in the study by Dalager-Pedersen et al, knowing who is at greatest risk for clinical 

complications is critical to informing ongoing and future clinical trials.  

 

Despite the importance of these studies, however, we will need more than anti-thrombotics to 

optimally treat COVID-19. Multiple processes associated with COVID-19 can contribute to activation 
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of coagulation, and thus a multi-pronged approach is likely to be best (Figure). The limitation 

associated with increasing doses of anticoagulants is the increasing risk of bleeding, which is 

exacerbated by ICU care and attendant complications. Therapeutic anticoagulation may improve 

outcomes in moderately-ill hospitalized patients but may be too late to benefit people with 

hypoxemic respiratory failure. In addition, there is the question of timing: randomized trials of 

antithrombotics in ambulatory patients with COVID-19, such as ACTIV-4 Outpatient Thrombosis 

Prevention Trial  (NCT04498273), should answer the question of whether sooner is better than later. 

Multiple simultaneous strategies are likely to be needed to combat the effects of SARS-CoV-2 

infection, including antiviral agents, immumomodulatory therapies, and anticoagulants, depending 

on the stage and severity of disease (Figure). It will only be through global collaboration and 

randomized controlled trials that we will settle the controversies and arrive at definitive conclusions 

on how best to prevent and treat thrombosis in people with COVID-19.  

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

NOTES 

 

Funding: RTG receives grant funding from the Harvard University Center for AIDS Research (NIH P30 

AI060354) and the AIDS Clinical Trials Group (NIH/NIAID 2 UMAI069412-09) JMC reports funding 

from NIH/NHLBI ACTIV Program. TI receives grant funding from The Promotion and Mutual Aid 

Corporation for Private Schools of Japan. 

 

Conflicts of interest: RTG reports grants from National Institutes of Health and has previously served 

on Scientific Advisory Boards for Gilead and Merck.  JMC reports research funding to the institution 

from CSL Behring, and personal fees for Scientific advisory boards and consulting fees from Abbott 

Vascular, Bristol-Myers Squibb, Pfizer, Takeda, and personal fees from Portola, outside the 

submitted work. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

References 

1. Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 

Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020. 

2. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with 

COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020;395:1054-62. 

3. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, Vanstapel A, 

Werlein C, Stark H, Tzankov A, Li WW, Li VW, Mentzer SJ, Jonigk D. Pulmonary Vascular 

Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. N Engl J Med. 2020 Jul 

9;383(2):120-128. doi: 10.1056/NEJMoa2015432. Epub 2020 May 21. PMID: 32437596; 

PMCID: PMC7412750. 

4. Ranucci M, Ballotta A, Di Dedda U, Bayshnikova E, Dei Poli M, Resta M, Falco M, Albano G, 

Menicanti L. The procoagulant pattern of patients with COVID-19 acute respiratory distress 

syndrome. J Thromb Haemost. 2020 Jul;18(7):1747-1751. doi: 10.1111/jth.14854. Epub 2020 

May 6. PMID: 32302448. 

5. Edler C, Schröder AS, Aepfelbacher M, Fitzek A, Heinemann A, Heinrich F, Klein A, 

Langenwalder F, Lütgehetmann M, Meißner K, Püschel K. Dying with SARS-CoV-2 infection—

an autopsy study of the first consecutive 80 cases in Hamburg, Germany. International 

Journal of Legal Medicine. 2020 Jun 4. 

6. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thromboembolism in patients with 

severe novel coronavirus pneumonia. J Thromb Haemost. 2020 Jun;18(6):1421-1424. doi: 

10.1111/jth.14830. Epub 2020 May 6. PMID: 32271988; PMCID: PMC7262324. 

7. White RH, Zhou H, Romano PS. Incidence of idiopathic deep venous thrombosis and 

secondary thromboembolism among ethnic groups in California. Ann Intern Med. 1998; May 

1;128(9):737-40. doi: 10.7326/0003-4819-128-9-199805010-00006. 

8. Stein PD, Kayali F, Olson RE, Milford CE. Pulmonary thromboembolism in Asians/Pacific 

Islanders in the United States: analysis of data from the National Hospital Discharge Survey 

and the United States Bureau of the Census. Am J Med 2004;116:435-42. 

9. Zakai NA, McClure LA. Racial differences in venous thromboembolism. J Thromb Haemost. 

2011 Oct;9(10):1877-82. doi: 10.1111/j.1538-7836.2011.04443.x. PMID: 21797965. 

10. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated with 

decreased mortality in severe coronavirus disease 2019 patients with coagulopathy. J 

Thromb Haemost. 2020 May;18(5):1094-1099. doi: 10.1111/jth.14817. Epub 2020 Apr 27. 

PMID: 32220112 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

11. Klok F.A., Kruip M., van der Meer N.J.M., Arbous M.S., Gommers D., Kant K.M. Confirmation 

of the high cumulative incidence of thrombotic complications in critically ill ICU patients with 

COVID-19: an updated analysis. Thromb. Res. 2020;191:148–150 

12. Middeldorp S, Coppens M, van Haaps TF, Foppen M, Vlaar AP, Müller MCA, Bouman CCS, 

Beenen LFM, Kootte RS, Heijmans J, Smits LP, Bonta PI, van Es N. Incidence of venous 

thromboembolism in hospitalized patients with COVID-19. J Thromb Haemost. 2020 

Aug;18(8):1995-2002. doi: 10.1111/jth.14888. Epub 2020 Jul 27. PMID: 32369666; PMCID: 

PMC7497052. 

13. Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, Delabranche X, Merdji H, Clere-

Jehl R, Schenck M, Fagot Gandet F, Fafi-Kremer S, Castelain V, Schneider F, Grunebaum L, 

Anglés-Cano E, Sattler L, Mertes PM, Meziani F; CRICS TRIGGERSEP Group (Clinical Research 

in Intensive Care and Sepsis Trial Group for Global Evaluation and Research in Sepsis). High 

risk of thrombosis in patients with severe SARS-CoV-2 infection: a multicenter prospective 

cohort study. Intensive Care Med. 2020 Jun;46(6):1089-1098. doi: 10.1007/s00134-020-

06062-x. Epub 2020 May 4. PMID: 32367170; PMCID: PMC7197634. 

14. Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, Lassalle F, Jeanpierre E, Rauch A, 

Labreuche J, Susen S; Lille ICU Haemostasis COVID-19 Group. Pulmonary Embolism in 

Patients With COVID-19: Awareness of an Increased Prevalence. Circulation. 2020 Jul 

14;142(2):184-186. doi: 10.1161/CIRCULATIONAHA.120.047430. Epub 2020 Apr 24. PMID: 

32330083. 

15. Moll M, Zon RL, Sylvester KW, Chen EC, Cheng V, Connell NT, Fredenburgh LE, Baron RM, 

Cho MH, Woolley AE, Connors JM. VTE in ICU Patients With COVID-19. Chest. 2020 

Nov;158(5):2130-2135. doi: 10.1016/j.chest.2020.07.031. Epub 2020 Jul 22. PMID: 

32710891; PMCID: PMC7674987. 

16. Al-Samkari H, Karp Leaf RS, Dzik WH, Carlson JCT, Fogerty AE, Waheed A, Goodarzi K, 

Bendapudi PK, Bornikova L, Gupta S, Leaf DE, Kuter DJ, Rosovsky RP. COVID-19 and 

coagulation: bleeding and thrombotic manifestations of SARS-CoV-2 infection. Blood. 2020 

Jul 23;136(4):489-500. doi: 10.1182/blood.2020006520. PMID: 32492712; PMCID: 

PMC7378457. 

17. Dalager-Pedersen M, Lund LC, Mariager T, Winther R, Hellfritzsch M, Larsen TB, Thomsen 

RW, Johansen NB, Søgaard OS, Nielsen SL, Omland L, Lundbo LF, Israelsen SB, Harboe ZB, 

Pottegård A, Nielsen H, Bodilsen J. Venous thromboembolism and major bleeding in patients 

with COVID-19: A nationwide population-based cohort study.  Clin Infect Dis. 2021 Jan 

5:ciab003. doi: 10.1093/cid/ciab003. Online ahead of print. PMID: 33400771  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

18. Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk of venous thromboembolism in patients with 

COVID-19: A systematic review and meta-analysis. Res Pract Thromb Haemost. 2020 Sep 

25;4(7):1178–91. doi: 10.1002/rth2.12439. Epub ahead of print. PMID: 33043231; PMCID: 

PMC7537137. 

19. Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF, Doerschug K, Holley AB, Jimenez 

D, Le Gal G, Rali P, Wells P. Prevention, Diagnosis, and Treatment of VTE in Patients With 

Coronavirus Disease 2019: CHEST Guideline and Expert Panel Report. Chest. 2020 

Sep;158(3):1143-1163. doi: 10.1016/j.chest.2020.05.559. Epub 2020 Jun 2. PMID: 32502594; 

PMCID: PMC7265858. 

20. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, Nigoghossian C, Ageno W, 

Madjid M, Guo Y, Tang LV, Hu Y, Giri J, Cushman M, Quéré I, Dimakakos EP, Gibson CM, Lippi 

G, Favaloro EJ, Fareed J, Caprini JA, Tafur AJ, Burton JR, Francese DP, Wang EY, Falanga A, 

McLintock C, Hunt BJ, Spyropoulos AC, Barnes GD, Eikelboom JW, Weinberg I, Schulman S, 

Carrier M, Piazza G, Beckman JA, Steg PG, Stone GW, Rosenkranz S, Goldhaber SZ, Parikh SA, 

Monreal M, Krumholz HM, Konstantinides SV, Weitz JI, Lip GYH; Global COVID-19 Thrombosis 

Collaborative Group, Endorsed by the ISTH, NATF, ESVM, and the IUA, Supported by the ESC 

Working Group on Pulmonary Circulation and Right Ventricular Function. COVID-19 and 

Thrombotic or Thromboembolic Disease: Implications for Prevention, Antithrombotic 

Therapy, and Follow-Up: JACC State-of-the-Art Review. J Am Coll Cardiol. 2020 Jun 

16;75(23):2950-2973. doi: 10.1016/j.jacc.2020.04.031. Epub 2020 Apr 17. PMID: 32311448; 

PMCID: PMC7164881. 

21. Spyropoulos AC, Levy JH, Ageno W, Connors JM, Hunt BJ, Iba T, Levi M, Samama CM, Thachil 

J, Giannis D, Douketis JD; Subcommittee on Perioperative, Critical Care Thrombosis, 

Haemostasis of the Scientific, Standardization Committee of the International Society on 

Thrombosis and Haemostasis. Scientific and Standardization Committee communication: 

Clinical guidance on the diagnosis, prevention, and treatment of venous thromboembolism 

in hospitalized patients with COVID-19. J Thromb Haemost. 2020 Aug;18(8):1859-1865. doi: 

10.1111/jth.14929. PMID: 32459046; PMCID: PMC7283841 

22. Barnes, G.D., Burnett, A., Allen, A. et al. Thromboembolism and anticoagulant therapy during 

the COVID-19 pandemic: interim clinical guidance from the anticoagulation forum. J Thromb 

Thrombolysis 50, 72–81 (2020). https://doi.org/10.1007/s11239-020-02138-z 

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 

Figure legend: Thromboinflammation in COVID-19 and Potential Sites for Intervention 

The innate immune system and the coagulation system are the two major engines for 

thromboinflammation. SARS-CoV-2 infects endothelial cells through binding to angiotensin 

converting enzyme 2 (ACE2), and the responses of infected endothelial cell further 

accelerate the activation of two systems. For example, the decreased ACE2 increases the 

level of angiotensin II (Ang II) which leads to vasoconstriction and hyperinflammation. 

Infected endothelial cells release von Willebrand factor (VWF) and factor VIII that contribute 

to thrombus formation, and released angiopoietin 2 (Ang2) counteracts Ang1’s anti-

inflammatory actions through its receptor Tie2. Ang2 also increases vascular permeability 

that leads to the loss of anticoagulant proteins. Coagulation and inflammation are tightly 

connected, and interleukin (IL)-6 induce fibrinogen production, and thrombin binds to 

protease-activated receptor 1 (PAR1) which leads to proinflammatory reaction and platelet 

aggregation. Activated neutrophils also activate coagulation by releasing neutrophil 

extracellular traps (NETs) and damage-associated molecular patterns (DAMPs). 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab096/6128795 by guest on 05 February 2021



Acc
ep

ted
 M

an
us

cri
pt

 

Figure 1 
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