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Abstract
The incidence of venous thrombosis, mostly pulmonary embolism (PE), ranging from 
local immunothrombosis to central emboli, but also deep vein thrombosis (DVT) in 
people with coronavirus disease 2019 (COVID-19) is reported to be remarkably high. 
The relevance of better understanding, predicting, treating, and preventing COVID-
19–associated venous thrombosis meets broad support, as can be concluded from 
the high number of research, review, and guideline papers that have been published 
on this topic. The Dutch COVID & Thrombosis Coalition (DCTC) is a multidisciplinary 
team involving a large number of Dutch experts in the broad area of venous thrombo-
sis and hemostasis research, combined with experts on virology, critically ill patients, 
pulmonary diseases, and community medicine, across all university hospitals and 
many community hospitals in the Netherlands. Within the consortium, clinical data 
of at least 5000 admitted COVID-19–infected individuals are available, including sub-
stantial collections of biobanked materials in an estimated 3000 people. In addition 
to considerable experience in preclinical and clinical thrombosis research, the consor-
tium embeds virology-hemostasis research models within unique biosafety facilities to 
address fundamental questions on the interaction of virus with epithelial and vascular 
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Essentials

•	 COVID-19 patients have an increased risk of thrombotic complications.
•	 The risk increases with disease severity; ICU patients have the highest risk.
•	 Underlying pathophysiological mechanisms are unclear.
•	 There is a need to improve prediction, treatment and prevention of COVID-19–associated venous thrombosis.
•	 The Dutch COVID & Thrombosis Coalition initiated a comprehensive research program to answer questions on pathophysiology and best 

anticoagulant treatment of COVID-19–associated thrombotic complications.

1  |  INTRODUC TION

The incidence of venous thromboembolic events (VTE), mostly pul-
monary embolism (PE) but also deep vein thrombosis (DVT) in people 
with COVID-19 has been reported to be remarkably high. The first 
studies report VTE in up to 48% of people with COVID-19 admitted 
to intensive care units (ICUs) and up to 10% on hospital wards, al-
though the reported incidences range widely because of differences 
in patient selection and threshold for diagnostic testing.1-9 This may 
be higher than in other viral infections and critically ill patients with 
acute respiratory distress syndrome.4,10 Furthermore, VTE in peo-
ple with COVID-19 may occur despite thromboprophylaxis with a 
standard dose of low-molecular-weight heparin (LMWH), suggesting 
a profound procoagulant state.1-7,11,12 In people with COVID-19, VTE 
is hypothesized to be part of a systemic coagulopathy that occurs lo-
cally in the pulmonary circulation, at least in those with severe infec-
tion, referred to as “immunothrombosis.” This phenomenon suggests 
a strong link between excessive inflammation and immunothrom-
bosis that may not be adequately prevented or counteracted with 
standard anticoagulation alone.13-18

Although the etiology of COVID-19–associated VTE is unknown, 
several mechanisms have been suggested.15,16,19,20 Presumably, 
prothrombotic triggers include a massive immune response, involv-
ing recruitment of inflammatory cells, release of proinflammatory 
chemokines (in severe cases a “cytokine storm”) and expression 
of microvascular tissue factor. A thromboinflammatory condition 
is suggested to occur, aggravated by platelet-leukocyte interac-
tion, activation of the contact system, and potentially by neutro-
phil extracellular trap production (NETosis).21,22 Bradykinin and 
kallikrein generated in this process amplify the intrinsic coagulation. 
Subsequently, massive endothelial cell activation and inflammation, 

accompanied by high plasma levels of coagulation factors, further 
provides a substrate for firm clots. However, it is completely un-
known if all of these suggested mechanisms are operational, in what 
sequence they occur, and which triggers are most important for clot 
formation and occurrence of VTE.

The occurrence of microthrombi in the pulmonary vascular bed 
is suggested to be a significant part of COVID-19 pathogenesis: the 
remarkably high d-dimer levels in COVID-19 may relate to specific 
mechanisms by which the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) invades the body.13-16 It is currently un-
known whether the hypercoagulable state in people with COVID-19 
is driven by the systemic or local effect of the host immune response 
to infection or by direct infection of endothelial cells. SARS-CoV-
2–induced thrombosis can be the result of activation of endothe-
lial cells by circulating activated monocytes, while induction of 
microthrombi in the pulmonary vascular bed is due to infection of 
respiratory epithelial cells, which activate endothelial cells of the 
respiratory tract. Insight in the mechanisms resulting in the proco-
agulant state is necessary to substantiate therapeutic intervention 
and monitoring. Notably, influenza virus infections have also been 
shown to be associated with high incidences of thrombotic compli-
cations.23-25 It remains to be proven that the high incidence of VTE 
in COVID-19 is truly a COVID-19–specific complication.

In addition to short-term morbidity and mortality due to im-
paired gas exchange, thrombotic complications may aggravate the 
chronic complications of COVID-19. In the general (non-COVID) 
population, the post-PE syndrome and postthrombotic syndrome 
(PTS) have been reported to occur in 50% of people with VTE de-
spite adequate anticoagulation therapy.26,27 These long-term com-
plications have a major impact on quality of life and are associated 
with higher risks of depression, unemployment, social isolation, and 

cells, in relation to the coagulation and inflammatory system. The DCTC has initiated 
a comprehensive research program to answer many of the current questions on the 
pathophysiology and best anticoagulant treatment of COVID-19–associated throm-
botic complications. The research program was funded by grants of the Netherlands 
Thrombosis Foundation and the Netherlands Organization for Health Research and 
Development. Here, we summarize the design and main aims of the research program.

K E Y W O R D S
anticoagulants, COVID-19, pulmonary embolism, severe acute respiratory syndrome 
coronavirus 2, thrombosis, venous thrombosis
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excess health care costs.26-35 However, the long-term outcomes of 
COVID-19–associated VTE are currently unknown.

To find the best possible management of the procoagulant state 
of people with COVID-19, that is, to prevent and to optimally treat 
thrombotic complications, there is a pivotal need to better under-
stand its pathogenesis, natural course, and risk factors. Precise 
knowledge of the safety and efficacy of currently prescribed throm-
boprophylaxis and treatments of thrombosis is necessary to guide 
optimal pharmacological prevention and treatment of COVID-19–
associated VTE.

2  |  THE DUTCH COVID & THROMBOSIS 
COALITION

The Dutch COVID & Thrombosis Coalition (DCTC) is a multidis-
ciplinary team involving a large number of Dutch experts in the 
broad area of thrombosis and hemostasis research, combined with 
experts on virology, critical care medicine, pulmonary diseases, 
and community medicine, across all university hospitals and many 
community hospitals in the Netherlands. Within the consortium, 
clinical data of at least 5000 admitted COVID-19–infected peo-
ple are available, including substantial collections of biobanked 
materials in an estimated 3000 patients. These samples were 
prospectively collected from the beginning of the outbreak on, 
in different health care settings. Due to the emerging outbreak 
situation, samples were collected as part of ongoing research and 
biobanked in the participating institutions. Due to the emergency, 
there was not an overarching SARS-CoV-2 study protocol at that 
time. The use of biomaterial for the specific study questions on 
SARS-CoV-2 as described in this article was approved by the rel-
evant local medical ethical committees. In addition to consider-
able experience in preclinical and clinical thrombosis research, the 
consortium embeds virology-hemostasis research models within 
unique biosafety facilities to address fundamental questions on 
the interaction of virus with epithelial and vascular cells, in rela-
tion to the coagulation and inflammatory system.

The DCTC has initiated a comprehensive research program 
to answer many of the current questions on the pathophysiology 
and best treatment of COVID-19–associated thrombotic com-
plications. The main objective of DCTC’s research is to under-
stand and prevent VTE in people with COVID-19, and to optimize 
acute treatment and long-term health of people with COVID-19 
who are diagnosed with VTE. This objective concerns the over-
all Dutch population but also important subgroups, including age 
categories, sex, and ethnic groups. The subobjectives of the five 
involved work packages (WPs) are summarized in Table 1, and the 
integration of the WPs is illustrated in Figure  1. The foundation 
and strength of this research is the enormous amount of collected 
data of people with COVID-19 combined with locally collected 
and biobanked samples and materials. In addition, the consortium 
combines wide-ranging expertise on topics in any way related to 
the current project. The research program was funded by grants 

TA B L E  1  Objectives of the research program

PATHOGENESIS (WP1&2)

HEMOSTASIS IN VIVO

Main objective: to unravel pathophysiological mechanisms that 
cause COVID-19–associated coagulopathy.

1. Investigate the presence of prothrombotic autoantibodies.

2. Investigate the status of the fibrinolytic system.

3. Evaluate the balance of the coagulation system.

4. Analyze the composition of thrombi in tissues specimens.

5. Identify molecular players and biomarkers for thrombosis.

VIROLOGY-HEMOSTASIS IN VITRO

Main objective: to identify the molecular mechanisms of SARS-
CoV-2–induced thrombosis using in vitro infection models of 
the pulmonary vascular bed. Tropism of SARS-CoV-2–infected 
endothelial cells will be compared to other respiratory viruses 
that cause VTE.

1. Determine the role of respiratory epithelial cells in inducing a 
procoagulant state in pulmonary microvascular endothelial cells.

2. Determine the role of activated monocytes from patients with 
COVID-19 in inducing a procoagulant state in endothelial cells.

3. Correlate data from in vitro experiments to pathology 
observations in autopsies.

4. Determine the possible effect of nonneutralizing antibodies on 
SARS-CoV-2 infection kinetics and dynamics in respiratory 
endothelial cells, epithelial cells, and monocytes.

THROMBOPROPHYLAXIS AND TREATMENT OF THROMBOSIS 
(WP3)

Main objective: to define the optimal strategies for prevention and 
treatment of VTE in patients with COVID-19.

1. Investigate efficacy and safety of different doses of 
thromboprophylaxis.

2. Investigate if therapeutic-dose LMWH is superior to prophylaxis

3. Investigate efficacy and safety of VTE treatment

BIOMARKERS AND PREDICTION OF THROMBOSIS (WP4)

Main objective: to predict the risk of VTE in admitted patients with 
COVID-19

1. Develop and validate a dynamic prediction model to estimate 
individual VTE risks.

2. Compare the predictive value between different mechanistic 
pathways, for different VTE phenotypes, and for the ward and 
ICU separately.

LONG-TERM CONSEQUENCES OF VTE (WP5)

Main objective: to assess the impact and long-term consequences of 
VTE in patients with COVID-19.

1. Evaluate the incidence of COVID-19 associated VTE after hospital 
discharge.

2. Assess patient-reported outcome measures and pulmonary and 
cardiac function.

3. Establish the rate of thrombus resolution and the incidence of 
post-VTE syndromes.

COVID-19, coronavirus disease 2019; ICU, intensive care unit; LMWH, 
low-molecular-weight heparin; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; VTE, venous thromboembolism; WP, work 
package.
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of the Netherlands Thrombosis Foundation and the Netherlands 
Organization for Health Research and Development.

The goal of the paper is to present our aims and study design and 
invite other research consortia to collaborate with us in our pursuit to 
solve the major issue of COVID-19–associated thrombosis. In particu-
lar, we hope to connect the research in WP1 and WP2 to international 
studies on the specific interaction of viruses and the inflammatory and 
coagulation system. For WP3 and WP4, we aim to externally validate 
constructed models and identified associations. Increasing the num-
ber of people with COVID-19 associated VTE who were dedicatedly 
followed for the occurrence of long-term complications will help to ac-
curately estimate the incidence of chronic thromboembolic pulmonary 
hypertension (CTEPH) and PTS (WP5).

3  |  PATHOGENESIS OF COVID -19–
A SSOCIATED VENOUS THROMBOSIS ( WP1 
AND WP2)

3.1  |  Hemostasis in vivo (WP1)

This WP has the overarching aim to obtain mechanistic insight in 
COVID-19–associated thrombosis. Five focus areas have been se-
lected: (i) antiphospholipid antibodies, (ii) fibrinolysis, (iii) coagula-
tion and anticoagulants, (iv) thrombus composition, and (5) omics. 
For each area, multicenter expert teams are in place to investigate 
responsible mechanisms in plasma samples and tissue specimens 
that are collected in other WPs in a collaborative manner. Most areas 
contain hypothesis-driven research with existing technologies, but 
the omics approach will be used to identify possible new targets by 
profiling the plasma proteome of people with COVID-19 with and 
without VTE in an unbiased manner. The proposed WPs make use 
of existing technologies that in some cases require adaptation for 
investigation of plasma samples from patients who are treated with 
anticoagulant therapy.

3.1.1  |  AIM 1: Investigate the 
presence of prothrombotic autoantibodies in people 
with COVID-19

The presence of antiphosholipid antibodies and lupus anticoagu-
lans (LAC) has been described in people with COVID-19 and linked 
to unfavorable outcomes.22 We will investigate whether the LAC 
phenomenon in people with COVID-19 is caused by (auto)antibod-
ies, through heat-inactivation of LAC-positive plasma samples from 
COVID-19 patients. We will subsequently focus on the identification 
of the causal antibody population using solid-phase binding assays 
with immobilized phospholipids and phospholipid-binding proteins, 
including β2-glycoprotein I and prothrombin, the known antigens 
for LAC-inducing autoantibodies. To investigate the link between 
LAC and SARS-CoV-2 infections, we will examine cross-reactivity 
with SARS-CoV-2 capsid proteins and study plasma levels of auto-
antibody targets. We will evaluate their effects on coagulation using 
adapted calibrated automated thrombography, with special attention 
to resistance to activated protein C, as well on platelet activation.

3.1.2  |  AIM 2: Investigate the status of the 
fibrinolytic system in people with COVID-19

The working hypothesis is that a deregulated fibrinolytic system con-
tributes to VTE in people with COVID-19. We will estimate plasma 
fibrinolytic potential using a clot lysis assay: This functional assay 
is sensitive for all plasma components known to be involved in clot 
breakdown.36 In brief, the clot lysis assay determines the lysis of a 
tissue factor–induced clot (generated from 50 μL of patient plasma 
in 96-well microtiter plates) by exogenous tissue-type plasminogen 
activator by monitoring changes in turbidity during clot formation 
and subsequent lysis. Large epidemiological studies have shown a 
decreased fibrinolytic capacity assessed with this assay to strongly 
predict thrombotic risk.37 In addition, strongly decreased fibrinolytic 

F I G U R E  1  Integration of the five work packages
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potential has been demonstrated to predict multiorgan failure and 
outcome in patients admitted to the ICU with and without under-
lying liver disease.38 A hypofibrinolytic state is strongly related to 
plasma levels of plasminogen activator inhibitor type 1 (PAI-1) and 
thrombin-activatable fibrinolysis inhibitor (TAFI).36 We therefore will 
assess plasma levels of both proteins. Interestingly, PAI-1 and TAFI 
levels increase in obesity (which is common in critically ill people with 
COVID-19) and have both been suggested to be drivers of progres-
sion of organ failure in severe infection. We will therefore assess 
whether PAI-1 and TAFI levels are independent predictors of adverse 
outcome of COVID-19 pneumonia.

3.1.3  |  AIM 3: Evaluate the balance of the 
coagulation system in people with COVID-19

Hemostasis is a delicately regulated biological system. We will assess the 
relative contribution of the extrinsic and intrinsic pathways of coagula-
tion and the balance between the pro- and anticoagulant pathways.39,40 
This aim will be addressed employing a staggered approach from global 
overall coagulation assays to more specific assessment of individual ac-
tivation markers of coagulation. Specifically designed thrombin genera-
tion assays will be applied to determine the extent of hypercoagulability 
and the contribution of the protein C pathway (activated protein C sen-
sitivity ratio [APCsr], thrombomodulin). Quantification of coagulation 
proteases including enzyme-inhibitor complexes will allow for detailed 
insight into the pathways involved. Due to potential limitations in sam-
ple transport, all assays will be optimized for use in each participating 
institute with shared standardized operating procedures.

3.1.4  |  AIM 4. Analyze the composition of COVID-
19–associated thrombi in tissues specimens

Autopsies of people with COVID-19 are, and will be, performed at the 
Leiden and Rotterdam medical centers. In the thrombi tissue speci-
mens achieved during autopsy, we will investigate thrombus struc-
ture and composition in relation to plasma biomarkers associated 
with thrombosis and formation neutrophil extracellular traps, age, 
sex, medication, duration and severity of SARS-CoV-2, and investi-
gate if thrombus architecture predicts the early outcome of disease 
in people with COVID-19. The biobank of samples in the participat-
ing centers includes collected thrombi and plasma that are available 
for this study, in which we will expand on the thrombus analysis. The 
composition of the collected thrombi and of in vitro plasma clots will 
be characterized using state-of-the-art imaging techniques, such as 
scanning electron microscopy (SEM), routine immunocytochemistry, 
and advanced fluorescence superresolution confocal microscopy. 
Thrombus histology will focus on fibrin structure and (inflammatory) 
cellular composition. Specific immunohistological stainings for fibrin, 
neutrophils, and markers of NETosis will help in understanding the 
pathophysiology of thrombosis in people with COVID-19 and may be 
extended, with more in-depth approaches such as RNA sequencing.

The structural characteristics of fibrin fibers that determine per-
meability will be analyzed by SEM. These analyses will be compared 
to functional analyses of fibrinolysis rates (ie, the time that is re-
quired to degrade the fibrin matrix in vitro). These characteristics 
are determined by the structural properties of the matrix and by the 
adherence of cells and proteins during clot formation.

For the longitudinal analysis of internal thrombus heterogeneity, 
sections will be obtained serially, which allows for three-dimensional 
reconstruction. In these sections, we will determine the amount 
and characteristics of the fibrin matrix, DNA extracellular traps, 
the number and type of cells and bound proteins, and their loca-
tion within the thrombus by immunocytochemistry and proteomics. 
Findings will be linked to the data of patients with COVID-19 to also 
consider a relationship with other data available from the case (in-
cluding clinical data and blood and plasma values).

3.1.5  |  AIM 5: Identify molecular players and 
biomarkers for COVID-19–associated thrombosis

We will use proteomic and genetic analyses to identify molecu-
lar players and possible biomarkers for thrombosis in COVID-19. 
Recently, an automated, robust, and reproducible workflow for 
plasma profiling was implemented.41 This technology provides a 
“hemostatic and inflammatory signature” by quantifying hundreds 
of plasma proteins simultaneously, including plasma proteins related 
to the coagulation and complement system. Importantly, this tech-
nology also allows for the detection of releasable contents of plate-
lets, neutrophils, and endothelial cells that are intrinsically linked to 
thromboinflammatory events.

To study the underlying pathogenesis of VTE in people with 
COVID-19, we will apply RNA-sequencing autopsy material (spe-
cifically from the lungs) from deceased people with COVID-19. 
Lung material from non-COVID patients will be used as a control. 
RNA sequencing from formalin-fixed paraffin-embedded material 
is very feasible using protocols from the Pathology Department at 
LUMC. Gene signatures (top 200 upregulated and downregulated 
genes compared to controls) will be analyzed with online prediction 
tools such as Ingenuity Pathway Analysis and Enrichr to determine 
biologically relevant pathways underlying COVID-19–associated 
thrombotic events, as done before for cancer-associated thrombotic 
events.42 We expect genes and biological pathways associated with 
inflammation, complement and platelet activation, contact activa-
tion, and the intrinsic coagulation pathway to be upregulated.

3.2  |  Virology-hemostasis in vitro (WP2)

The main objective in this WP is to identify the molecular mecha-
nisms of SARS-CoV-2–induced thrombosis using in vitro infection 
models of the pulmonary vascular bed and correlate findings to the 
results from the in vivo studies (WP1) in a translational approach. 
Tropism of SARS-CoV-2–infected endothelial cells will be compared 
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to other respiratory viruses that cause VTE. To fully understand co-
agulopathy seen in people with COVID-19 in vitro models studying 
both the virus and the host response are essential. WP2 will focus 
on in vitro models studying SARS-CoV-2 kinetics and dynamics and 
their effect on endothelial cells and coculture models. By using 
infection models, differentiation between direct effects of SARS-
CoV-2 infection on endothelial cell function and other known causes 
of endothelitis that might contribute to COVID-19 pathogenesis can 
be made. In these primary isolates and coculture models, it can be 
defined if the procoagulant changes are the result of infection or 
actual activation of endothelial cells, for instance, by circulating ac-
tivated monocytes or a damaged basolateral pulmonary epithelium. 
The latter have proven to play an important role in the pathogenesis 
of lower respiratory tract influenza virus infection.43 Furthermore, 
the relation between microthrombi in the pulmonary vascular bed44 
and subsequent damage in respiratory epithelial cells will be stud-
ied. In WP2, the following four specific aims are pursued.

3.2.1  |  AIM 1: Determine the role of respiratory 
epithelial cells in inducing a procoagulant state in 
pulmonary microvascular endothelial cells

The working hypothesis is that SARS-CoV-2 infection of respiratory 
epithelial cells results in alveolar barrier damage and induction of 
a procoagulant state in endothelial cells. We will coculture SARS-
CoV-2–infected human respiratory cells with lung microvascular 
endothelial cells and (i) determine virus kinetics and dynamics, (ii) 
quantify levels of key inflammatory and procoagulant mediators, (iii) 
measure epithelial and endothelial barrier function, and (iv) quan-
tify endothelial cell hemostatic function by adapted cell surface 
thrombin generation tests and tissue factor quantification.

3.2.2  |  AIM 2: Determine the role of activated 
monocytes from people with COVID-19 in inducing a 
procoagulant state in endothelial cells

The postulation that activated monocytes in people with COVID-19 
induce a procoagulant state in endothelial cells will be investigated. 
We will analyze monocytes from people with COVID-19 on tissue 
factor activity. Furthermore, these monocytes will be cocultured with 
human umbilical vein endothelial cells and (i) quantify levels of key in-
flammatory and procoagulant mediators, (ii) measure endothelial bar-
rier function, and (iii) quantify endothelial cell hemostatic function.

3.2.3  |  AIM 3: Correlate data from in vitro 
experiments to pathology observations in autopsies

The postulation that key mediators identified in Aims 1 and 2 can 
be observed in lung samples from deceased patients (microthrombi 
and PE) will be investigated. Lung samples from autopsies of fatal 

SARS-CoV-2 infection will be obtained to detect the presence of key 
procoagulant mediators by immunohistochemistry/in situ hybridi-
zation and correlate this with presence of viral antigen and virus-
induced histopathological changes, as has been performed before in 
influenza virus infection models.45

3.2.4  |  AIM 4: Determine the possible 
effect of nonneutralizing antibodies on SARS-
CoV-2 infection kinetics and dynamics in respiratory 
endothelial cells, epithelial cells, and monocytes

Nonneutralizing antibodies may play a role in SARS-CoV-2 kinetics 
and on the extent of the inflammatory response. Serum samples 
from blood donors who recovered from SARS-CoV-2 with differ-
ent types of antibody responses to SARS-CoV-2 as determined by 
multiantigen profiling of responses have been collected. Using high-
neutralizing and low-neutralizing binding antibodies, its effect on 
SARS-CoV2 kinetics and dynamics in primary cell cultures will be 
investigated.

4  |  THROMBOPROPHYL A XIS AND 
TRE ATMENT OF COVID -19–A SSOCIATED 
VENOUS THROMBOSIS ( WP3)

The key aims of WP3 are (i) to investigate the efficacy and safety 
of different doses of thromboprophylaxis, (ii) to investigate if 
therapeutic-dose LMWH is superior to prophylaxis, and (iii) to inves-
tigate the efficacy and safety of VTE treatment.

One of the key questions that emerged during the COVID-19 
pandemic relates to the optimal dosing of anticoagulant prophylaxis, 
most often with LMWH. To address this question, we will combine 
clinical data on efficacy and safety (bleeding) of anticoagulant strat-
egies derived from many Dutch hospitals, both from established 
registries (Covidpredict.nl, Isaric, NICE, CAPACITY COVID) and 
from targeted collection by participating centers. The advantage of 
the use of multiple sources is enrichment of data to compensate for 
structural missing data when only one source is used. The Dutch 
guideline on thromboprohylaxis in people with COVID-19 recom-
mended to double the doses of LMWH, in particular for patients 
admitted to the ICU departments. Because the overall choice for a 
type of treatment per center is predominantly determined by the 
preference of the treating physicians (ie, the anticoagulant proto-
col), this will be unrelated to the prognosis of a particular patient 
and hence be relatively random. This way, and given several addi-
tional assumptions, this so-called instrumental variable (IV) design 
(using “center” as IV) can mimic a randomized controlled trial (RCT) 
in which individuals are randomized. Situations when the treatment 
of an individual patient deviates from this protocol are taken into 
account in the analysis.46 Main study end points include all docu-
mented VTEs,47 major bleeding according to International Society 
on Thrombosis and Haemostasis criteria,48 and death; follow-up will 



284  |    KRUIP et al.

be completed at 3 months. Given the need for optimal use of time 
and resources, the consortium will not start new treatment studies 
but will coordinate and facilitate participation of Dutch centers in 
ongoing international RCTs (REMAP-COVID; https://www.remap​
cap.org/).

All COVID-19–infected patients who develop a VTE during 
their hospital stay will be followed either at the outpatient clinic 
or, if not possible (living in other region, not able to come to the 
clinic), by the general practitioner (GP). Linking to the GP and 
nursing home networks allows for sharing data from hospital 
and primary care to become optimally informed about all rele-
vant outcomes (recurrent VTE, arterial thromboembolism, major 
bleeding, readmission, death). Anticipating 5000 patients within 
the framework of this consortium, data on at least 90% of this 
population can be accumulated. Incident outcomes will be com-
pared with data from known ongoing cohorts of patients with 
VTE but without COVID-19 infection.

While the required dose of thromboprophylaxis is disputed and 
thus investigated in cohort and RCT studies, there is little debate about 
optimal treatment of COVID-19–related VTE. Notably, little is known 
of the efficacy and safety of anticoagulant treatment of COVID-19–
associated thrombotic complications. We aim to address this issue by 
implementing existing laboratory assays that monitor in different ways 

global coagulation activity and can inform physicians about anticoag-
ulant activity of unfractionated heparin and LMWH. To accumulate 
data on biochemical efficacy of anticoagulant treatment of admitted 
patients, anti-Xa, thrombin generation, and rotational thromboelasto-
metry/thromboelastography measurement are performed in a number 
of centers and related to type and dose of anticoagulant as well as to 
clinical outcomes. More centers will be engaged to include such assays 
or, if not available on site, to store plasma samples for analysis.

5  |  BIOMARKERS AND PREDIC TION 
OF COVID -19–A SSOCIATED VENOUS 
THROMBOSIS ( WP4)

Currently, the observed high risk of thrombotic complications in 
admitted patients with COVID-19 leads to strong preventive meas-
ures, that is, administering of double or even therapeutic dosages 
of LMWH in ICU patients. A high dose of thromboprophylaxis may 
be effective to prevent thrombosis in patients with a high risk of 
thrombosis, but it will also needlessly increase the bleeding risk. 
It is therefore of utmost clinical importance to identify subjects at 
particular low or high thrombosis risk, to expose only high-risk in-
dividuals to the benefits and risks of thromboprophylaxis. The aim 

F I G U R E  2  Dedicated patient pathway applied to survivors of COVID-19–associated VTE according to the Dutch Guideline of care 
for patients with COVID-19–associated venous thromboembolism. #CPET is indicated if echocardiography does not show signs of 
pulmonary hypertension. †VQ scan, pulmonary function tests, CPET, echocardiography depending in individual patient characteristics. In 
case of Chronic Thromboembolic Pulmonary Disease (CTEPD), patients should be referred to a CTEPH expertise center. CTEPH, chronic 
thromboembolic pulmonary hypertension; CTEPD, chronic thromboembolic pulmonary disease; VQ scan, ventilation perfusion scintigraphy; 
PTS, postthrombotic syndrome; CPET, cardiopulmonary exercise test

https://www.remapcap.org/
https://www.remapcap.org/
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of this WP is therefore to develop and validate a dynamic predic-
tion model to estimate individual VTE risks. In secondary analyses, 
we plan to compare the predictive value between different mech-
anistic pathways, for different VTE phenotypes and for the ward 
and ICU separately. Clinical information of the study population 
will be supplemented with routine laboratory parameters and im-
aging data. Furthermore, during the study, more information from 
the different mechanistic pathways will become available from 
WP1 and WP2 that can be used for input in the model. Outcome 
assessment cases with VTE will be identified based on objective 
radiological tests and different phenotypes of VTE (DVT, PE in the 
large arteries, [sub]segmental PE) will be distinguished, and their 
occurrence over time accurately recorded. Candidate predictors 
will be selected based on the available COVID-19 literature, sup-
plemented with expert opinion on variables associated with VTE 
in general. Potential predictors do not have to be causally related 
to the outcome of interest. Due to different policies between 
centers, some data may be missing. As we consider these data to 
be missing at random, we will use multiple imputation techniques.

The association between candidate predictors and VTE will be 
assessed by Fine-Gray regression analyses using backward selec-
tion procedures (criterion P  <  .15), applying a time scale starting 
at hospital admission, and adjusting for competing risk of death.49 
Continuous predictors will not be categorized, and splines will be 
used to model possible nonlinear relations. The magnitude of dis-
crimination of the model will be quantified with Harrell’s C-statistic. 
Regression coefficients will be reduced using a cross-validated pe-
nalized regression approach to correct for optimism.50 Subgroup 
analyses will be performed using different subsets of predictors and 
of outcome phenotypes, first according to the different mechanistic 
pathways as mentioned under WP1 and WP2.

Second, separate models will be developed and compared for 
the different VTE phenotypes (characterized as detailed as possible 
based on clinical and radiological information) as well as separate 
models limited to ICU patients and starting follow-up from the day 
of ICU admission. Internal validation will be taken into account by 
use of cross-validated penalized regression. For external validation, 
we plan to use data from international collaborators.

6  |  LONG -TERM CONSEQUENCES 
OF COVID -19–A SSOCIATED VENOUS 
THROMBOSIS ( WP5)

A dedicated patient pathway (Figure  2) will be established in all 
participating hospitals in close collaboration between the de-
partments of pulmonology, internal/vascular medicine, hematol-
ogy, and cardiology, where all previously admitted patients with 
COVID-19 will be followed. At the 3-month follow-up visit, all 
survivors with objective VTE diagnosed will be identified and sub-
jected to state-of-the-art follow-up procedures as recommended 
by current Dutch guidelines, aimed at establishing the rate of 
thrombus resolution and early identification and treatment of 

long-term VTE consequences, at efficient use of health care re-
sources. After both 3-month and 12-month follow-up, the recov-
ery of patients will be assessed using patient-reported outcome 
measures of quality of life, dyspnea, and functional status.28,51-53 
Dedicated diagnostic tests will be applied where appropriate to 
investigate new or persistent unexplained symptoms or poor 
functional recovery.54 By putting the findings (thrombus resolu-
tion rates, prevalence of long-term complications, quality of life, 
and functional recovery) in patients with COVID-19 with VTE in 
the perspectives of two control cohorts, that is, COVID-19 survi-
vors not diagnosed with VTE and people with VTE from the pre–
COVID-19 era, we will be able to determine the additional impact 
of VTE in people with COVID-19, as well as the aggravating effect 
of the combination of COVID-19 and VTE compared to VTE with-
out COVID-19.

6.1  |  Patients with pulmonary embolism

In addition to the standard follow-up procedures applied to all 
COVID-19 survivors, the presence of and risk factors for CTEPH 
will be assessed in all patients. The pretest probability of CTEPH 
will be estimated by calculating the “CTEPH prediction score.”55-57 
Only patients with a high pretest probability (>6 points) or those 
with symptoms that might be associated with CTEPH will be 
subjected to the CTEPH rule-out criteria, that is, assessment of 
the presence of any of the three electrocardiographic criteria of 
right ventricular (RV) pressure overload, or an abnormal age- and 
gender-dependent N-terminal prohormone of brain natriuretic 
peptide level.57-59 If at least one of the CTEPH rule-out criteria 
could not preclude the presence of RV pressure overload, patients 
were referred for transthoracic echocardiography, performed ac-
cording to the 2015 European Society of Cardiology/European 
Respiratory Society guidelines on pulmonary hypertension.60,61 
In case of echocardiographic signs of CTEPH, patients will be 
subjected to ventilation perfusion scintigraphy. If abnormal, fur-
ther diagnostic procedures for the final diagnosis of CTEPH will 
be performed in a CTEPH expertise center. Patients who report 
persistent functional limitations and/or dyspnea, in whom CTEPH 
is considered to be ruled out, are referred for perfusion imaging 
to establish the rate of persistent thrombotic occlusions and per-
fusion defects. In addition, a complete cardiopulmonary exercise 
tests will be performed. Based on these results, the cause of the 
symptoms can be determined, for example, dead space ventila-
tion, breathing abnormalities, deconditioning, pulmonary fibro-
sis, or otherwise. Patients with persistent functional limitations 
(Post-VTE Functional Status scale ≥252,62), without a strong indica-
tion for cardiopulmonary rehabilitation because of post-ICU syn-
drome, will be referred for cardiopulmonary rehabilitation aimed 
at reducing post-PE syndrome–based functional impairment. The 
effect of the rehabilitation with regard to functional status, quality 
of life, and parameters of physical performance will be assessed. 
At the 1-year follow-up visit, patients with persistent symptoms 
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of dyspnea or decreased functional status will be subjected to ap-
propriate diagnostic tests to rule out the presence of late-onset 
CTEPH.

6.2  |  Patients with deep vein 
thrombosis of the legs

At 6 months, repeat ultrasound imaging of the affected leg will be 
routinely performed to evaluate the presence and extend of persis-
tent vein obstruction, and the presence of PTS will be established 
using the Villalta score.27,63 Compression therapy will be tailored 
on the basis of clinical signs and symptoms scored according to the 
Villalta PTS scale; patients assigned to individualized therapy with 
two consecutive Villalta scores of ≤4 will be counseled to stop using 
the stockings.64,65 All patients will be followed for 1 year for evalua-
tion of the course of PTS symptoms.

7  |  CHALLENGES

The proposed project is challenging. Mainly, the success of the WPs 
depends on the actual availability and quality of the biobanks that 
were built, the possibility to extend and merge large existing data-
bases in the participating hospitals, the strict and independent adju-
dication of all relevant study outcomes, and the number of patients 
on whom data (during both admission and long-term follow-up) are 
available for analysis. Much also will depend on the intensity of sec-
ond or more waves of infection, which will increase the available data/
material to work with but also limit the availability of the clinicians to 
be involved in clinical studies and the possibility to perform preclinical 
experiments.

8  |  CONCLUSIONS
The proposed outcome from in vivo and in vitro experiments will give 
us further insights necessary to understand the pathophysiology of 
thrombotic complications in people with COVID-19, and the clinical 
studies will help predict thrombotic complications as well as optimize 
therapeutic and preventive strategies. Finally, by focused and rigor-
ous follow-up of patients with COVID-19, long-term complications 
will be identified early, which will allow for optimal long- and short-
term treatment of these patients.
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APPENDIX A
Albert Schweitzer hospital

Drs. L. F. Te Velde, intensivist
Dr. P. E. Westerweel, haematologist

Amphia hospital
Dr. M. J. J. H. Grootenboers, pulmonologist
Dr. C. van Guldener, vascular medicine specialist
Dr. K. M. Kant, pulmonologist

Amsterdam University Medical Centre
Location AMC
Dr. M. Coppens, vascular medicine specialist
Drs. N. van Es, PhD candidate
Prof. dr. N. P. Juffermans, intensivist
Drs. T. F. van Haaps, PhD-candidate Department of vascular 

medicine
Prof. dr. S. Middeldorp, vascular medicine specialist
Dr. A. P. J. Vlaar, intensivist
Location VUMC:
Prof. dr. C. M. P. M. Hertogh, nursing home specialist
Drs. J. G. Hugtenburg, pharmacologist
Dr. J. van Kooten, nursing home specialist
Dr. E. J. Nossent, pulmonologist
Prof. Dr. Y. Smulders, internist
Dr. P. R. Tuinman, intensivist
Dr. A. Vonk Noordegraaf, pulmonologist

Argos zorggroep
Drs. A. Lansbergen, physiotherapist

Bravis Hospital
Drs. J. Leijs, anaesthesiologist-intensivist
Drs B. Simons, intensivist
Dr. M. Stegenga, internist

Deventer hospital
Dr. G. R. Hajer, vascular medicine specialist
Dr. A. Stemerdink, intensivist

Deaconess hospital Utrecht
Dr. L. E. M. van Lelyveld, intensivist
Dr. C. E. E. van Ofwegen, cardiologist

Erasmus Medical Centre
Drs. J. van den Akker, intensivist
Dr. R. Bierings, cellular biologist, Department Haematology
Dr. H. Endeman, intensivist.
Dr. M. Goeijenbier, internal medicine, Department Viroscience
Dr. N. G. M. Hunfeld, hospital pharmacist
Prof. dr. E. C. M. van Gorp, infectious diseases specialist, 

Department Viroscience
Prof. dr. D. A. M. P. J. Gommers, intensivist

Prof. dr. M. P. G. Koopmans, internist, Department Viroscience.
Prof. dr. T. Kuiken, professor of comparative pathology, 

Department Viroscience
Drs. T. Langerak, PhD-candidate, Department Viroscience
Dr. M. N. Lauw, haematologist, Department Haematology
Prof. dr. M. P. M. de Maat, head of Biochemistry of Haemostasis 

and Thrombosis.
Drs. D. Noack, PhD-candidate Department Viroscience
Drs. M. S. Paats, pulmonologist
Drs. M. P. Raadsen, PhD-candidate Department Viroscience
Dr. B. Rockx, internist, Department Viroscience
Dr. C. Rokx, infectious diseases specialist
Dr. C. A. M. Schurink, infectious diseases specialist
Drs. K. Tong-Minh, PhD-candidate Department Viroscience
Dr. L. van den Toorn, pulmonologist
Dr. C. A. den Uil, Cardiologist-Intensivist
Drs. C. Visser, PhD-candidate, Department haematology

Farmadam:
Drs. F. Boutkourt, PhD-candidate
Drs. T. Roest, pharmacist

Flevohospital Almere
Dr. R. A. Douma, infectious diseases specialist
Dr. M. ten Wolde, internist

Franciscus Gasthuis & Vlietland
Dr. E. J. Wils, intensivist

Hagahospital
Dr. C. van Nieuwkoop, internist

IJsselland hospital
Drs. J. H. Elderman, intensivist
Drs. H. A. Kleinveld, internist

Ikazia Hospital
Dr. S. Stads, intensivist

Jeroen Bosch Hospital
Dr. C. P. C. de Jager, intensivist
Dr. A. P. M. Kerckhoffs, internist

Leids University Medical Center
Drs. M. L. Antoni, cardiologist, Department of cardiology
Dr. M. H. Bos, biochemicus, associate professor, Department of 

Medicine - Thrombosis and Haemostasis
Drs. J. L. I, Burggraaf, PhD-candidate , Department of Clinical 

Epidemiology
Prof. S. C. Cannegieter, clinical epidemiologist, Department 

of Medicine - Thrombosis and Hemostasis and Department of 
Department of Clinical Epidemiology
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Prof. dr. H. C. J. Eikenboom, haematologist/vascular medicine 
specialist , Department of Medicine - Thrombosis and Haemostasis.

Dr. P. L. den Exter, vascular medicine specialist, Department of 
Medicine - Thrombosis and Haemostasis

Dr. J. J. M. Geelhoed, pulmonologist, Department of Pulmonology
Prof. dr. M. V. Huisman, vascular medicine specialist, Department 

of Medicine - Thrombosis and Haemostasis
Prof. E. de Jonge, internist-intensivist, Department of Intensive 

Care Medicine
Drs. F. H. J. Kaptein, PhD-candidate, Department of Medicine - 

Thrombosis and Hemostasis
Dr. F. A. Klok, vascular medicine specialist, Department of 

Medicine - Thrombosis and Haemostasis
Dr. L. J. M. Kroft, radiologist, Department of radiology
Drs. L. Nab, PhD-candidate, Department of Clinical Epidemiology
Dr. M. K. Ninaber, pulmonologist, Department of Pulmonology
Prof. dr. H. Putter, statistician, Department of Biomedical Data 

Sciences
Drs. S. R. S. Ramai, pulmonologist, Department of Pulmonology
Dr. A. M. da Rocha Rondon, Postdoctoral researcher, Department 

of Medicine - Thrombosis and Haemostasis
Dr. A. H. E. Roukens, infectious diseases specialist, Department 

of infectious diseases
Drs. M. A. M. Stals, PhD-candidate, Department of Medicine - 

Thrombosis and Haemostasis
Prof. dr. H .H. Versteeg, cellular biologist, Department of Medicine 

- Thrombosis and Haemostasis
Dr. H. W. Vliegen, cardiologist, Department of cardiology
Dr. B. J. M. van Vlijmen, cellular biologist, associate professor, 

Department of Medicine - Thrombosis and Haemostasis

Maasstad hospital
Dr. C. J. van den Bout, intensivist
Drs. A. J. M. van den Enden
Drs. G. Helfrich, pulmonologist
Drs. M. C. van Herwerden, internist in training
Dr. J. G. den Hollander, infectious diseases specialist
Drs. S. Kok
Dr. J. A. M. Labout, intensivist
Dr. E. L. Moussaoui, infectious disease specialist
Dr. E. A. N. Oostdijk, intensivist
Drs. R. Slingerland, pulmonologist
Drs. J. B. van Steenkiste

Maastricht University Medical Centre
Drs. T. van de Berg, PhD-candidate
Drs. R. Bruggemann, PhD-candidate
Dr. B. C. T. van Bussel, internist-intensivist
Prof. dr. H. ten Cate, Internist
Dr. A. Ten Cate-Hoek, Clinical epidemiologist and medical direc-

tor of thrombosis service Maastricht
Prof. dr. T. M. Hackeng, biochemist
Dr. ir. Y. Henskens, clinical chemist

Drs. A. Hulshof, PhD-candidate
Drs. M. Mulder, PhD-candidate
Prof. dr. L. Schurgers, biochemist
Dr. B. Spaetgens, internist subspecialized in geriatrics
Dr. H. Spronk, biochemist
Prof. dr. M. A. Spruit, executive board member CIRO and Professor 

in Rehabilitation
Dr. K. Winckers, vascular medicine specialist

Martini Hospital
Dr. R. Hulst, hospital pharmacist
Drs A. C. Reidinga, anaesthesiologist-intensivist
Drs. R. Sayilir, intensivist

Maxima Medical Centre
Dr. L. Nieuwenhuizen, internist

Medical Centre Leeuwaarden
Drs. B. Franken, haematologist
Dr. I. M. Schrover, vascular medicine specialist
Drs. E. G. M. de Waal, haematologist

Medical Spectrum Twente
Dr. A. Beijshuizen, intensivist
Drs. C. E. Delsing, infectious diseases specialist

Radboud University Medical Centre
Prof. dr. K. Kramer, professor medical safety
Dr. J. Leentjens, vascular medicine specialist
Dr. Q. de Mast, infectious diseases specialist

Noordwest Hospital Group
Dr. W. A. Bax, internist
Dr. H. J. Doodeman, epidemiologist
Dr. S. Simsek, internist
Dr. F. Stam, internist

Onze Lieve Vrouwe Gasthuis hospital
Prof. Dr. N. P. Juffermans, intensivist
Dr. S. van Wissen, vascular medicine specialist

Reinier de Graaf Gasthuis hospital
Dr. R. E. Brouwer, haematologist
Dr. J. L. J. Ellerbroek, infectious diseases specialist
Drs. J. Tijmensen, haematologist

Rijnstate hospital
Dr. M. M. C. Hovens, vascular medicine specialist
Drs. B. D. Westerhof, Anaesthesiologist-intensivist

Rode Kruis Hospital
Dr. L. M. Faber, Haematologist
Sanquin Research, Amsterdam:
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Dr. M. van den Biggelaar, head of Laboratory of Proteomics, 
Department of Molecular and Cellular Hemostasis

Prof. dr. J. C. M. Meijers, biochemist (and Amsterdam University 
Medical Centres)

Prof. dr. J. Voorberg, molecular and cellular biologist (and 
Amsterdam University Medical Centres)

St. Jansdal hospital
Dr. F. N. Croles, Haematologist

Tergooi hospital
Prof. Dr. P. W. Kamphuisen, vascular medicine specialist
Dr. R. Vink, intensivist

Synapse Research Institute:
Dr. B. de Laat, biochemist, director

University Medical Centre Groningen:
Prof. dr. T. Lisman, biochemist
Prof. dr. K. Meijer, haematologist, Department Haematology
Dr. Y. I. G. van Tichelaar, internist

University Medical Centre Utrecht:
Prof. Dr. O. L. Cremer, anaesthesiologist-intensivist
Dr. G. Geersing, general practitioner, Julius Center, Department 

primary care

Drs. A. D. Huisman, dietician
Prof dr. H.A.H. Kaasjager, vascular medicine specialist
Dr. N. Kusadasi, haematologist-intensivist
Dr. M. Nijkeuter, vascular medicine specialist
Prof. dr. R.E.G. Schutgens, haematologist, Van Creveldkliniek
Dr. R.T. Urbanus, biochemist, Van Creveldkliniek
Drs. J. Westerink, vascular medicine specialist

Wilhelmina hospital Assen
Drs. H. J. Faber, intensivist

Zaans Medical Center
Drs. S. Koster, anaesthesiologist-intensivist

Hospital Group Gelderse Vallei
Dr. R. H. H. Bemelmans, internist
Dr. B. Festen, intensivist

Zorgsaam Hospital
Dr. M. A. van Dijk, internist
Drs. A. P. Hall, intensivist

Zuyderland Hospital
Dr. D. J. L. van Twist, vascular medicine specialist


