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1 Preface 
The aim of this master thesis is to summarize and create an overview of the available 

randomized controlled trials (RCTs) studying the clinical effect and safety of escalated 

prophylactic doses compared to standard prophylactic doses in hospitalized COVID-19 

patients. 

My interest in clinical epidemiology and venous thromboembolism started in 2018, when I 

was accepted to the integrated research program at the medical studies in Tromsø. I had a full 

year of research in 2019/2020 as a part of K.G Jebsen – Thrombosis Research and Expertise 

Center (TREC). The Coronavirus pandemic began during my research year, and after the 

national lockdown commenced in March 2020, I started working at the Corona Centre in 

Tromsø municipality as an infection tracker. I chose to take advantage of my experience with 

both venous thromboembolism (VTE) and the Coronavirus pandemic when choosing the 

subject for my master thesis.  

The writing of this thesis has given me the opportunity to learn more about the 

methodological and statistical considerations that are involved in literature reviews and meta-

analyses. I am certain that this thesis has provided me with valuable knowledge and skills that 

I will take advantage of in my future scientific and clinical work.  

I would like to thank my supervisor, Professor Sigrid Kufaas Brækkan, for great help and 

constructive feedback during the writing process, especially during the latter stages. She is 

always available for feedback and guidance, no matter how busy her schedule is, and has been 

essential in both the writing of this thesis and my other research work.  

Finally, I am grateful and privileged to be part of the TREC-team. 

Carl Arne Løchen Arnesen 
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2 Summary 
Background: Coronavirus disease 2019 (COVID-19) is known to increase the risk of venous 

thromboembolism (VTE), and studies have shown a three-fold increase in VTE-risk in 

hospitalized COVID-19 patients compared to similar respiratory infections. Standard dose 

thromboprophylaxis is recommended in all hospitalized COVID-19 patients. However, despite 

prophylaxis, VTE incidence remains high. Several randomized controlled trials (RCTs) have 

studied the effect of escalated doses of thromboprophylaxis, but they have produced 

conflicting results, and have not been adequately powered to assess the outcomes VTE, major 

bleeding and all-cause mortality.  

Aim: To conduct a literature review and meta-analysis of RCTs, comparing the effect of 

escalated versus standard doses of prophylactic anticoagulation in hospitalized COVID-19 

patients admitted to an intensive care unit (ICU) or non-ICU, focusing on VTE, major bleeding 

and all-cause mortality. 

Methods: A structured literature search was performed to retrieve RCTs investigating the 

safety and efficacy of escalated versus standard doses of prophylactic anticoagulation in 

hospitalized COVID-19-patients. The trials were analyzed in overall populations, and 

subgroups based on clinical setting (ICU/non-ICU). Risk ratios (RRs) with 95% Confidence 

intervals (95% CI) for VTE, death and major bleeding were extracted, and pooled results were 

calculated and displayed in forest plots. 

Results: In the meta-analysis, 9 RCTs were included (n=5,658). Compared to standard dose, 

escalated dose prophylactic anticoagulation was associated with an overall reduction in VTE 

risk (RR: 0.49, 95% CI: 0.38-0.64), an increase in major bleeding risk (RR: 1.76, 95% CI: 1.19-

2.59) and no difference in mortality (RR: 0.98, 95% CI: 0.88-1.09). In subgroup analysis based 

on clinical setting, estimates indicated a further reduction in VTE risk and all-cause mortality 

in non-ICU-patients compared to ICU-patients. However, these differences did not reach 

statistical significance.  

Conclusion: Escalated doses of prophylactic anticoagulation was associated with a reduction 

in VTE-risk, increased major bleeding and no effect on all-cause mortality.  



 

3 Abbreviations 
 

95% CI – 95% confidence interval  

ARDS – Acute respiratory Distress Syndrome 

ASH – American society of hematology 

AT – Antithrombin 

ATE – Arterial thromboembolism 

COPD – Chronic obstructive pulmonary disease 

COVID-19 – Coronavirus disease 2019 

DIC – Disseminated intravascular coagulation 

DOAC – Direct oral anticoagulant 

DVT – Deep vein thrombosis 

ECMO - Extracorporeal membrane oxygenation 

HR – Hazard ratio  

ICU – Intensive care unit 

LMWH – low-molecular weight heparin 

OR – Odds ratio 

PICOS – Population, Intervention, Comparison, Objective, Study design 

PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

RAM – Risk assessment model 

RCT – Randomized controlled trial 

RR – Risk ratio 

SARS-CoV-2 – Severe acute respiratory syndrome coronavirus 2 

UFH – unfractionated heparin 

VTE – Venous thromboembolism 
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4 Introduction 
4.1 Covid-19 
Coronavirus disease 2019 (COVID-19) is a respiratory and vascular disease caused by the 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1). The disease was 

discovered in Wuhan, China in December 2019, and quickly spread worldwide, leading to the 

COVID-19 pandemic (2). As of April 30th 2022 there are more than 500 million confirmed cases, 

and more than 6.2 million confirmed deaths associated with the virus (3). SARS-CoV-2 is a virus 

of the Corona group which primarily attacks the epithelium and can result in acute respiratory 

distress syndrome (ARDS) (4). The virus can also infect many other cell types, causing systemic 

inflammation with cytokine release and affects multiple critical organs besides the lungs in 

severe cases (4). The most common symptoms are fever, cough, tiredness and loss of taste or 

smell, while more serious symptoms are shortness of breath, chest pain, loss of mobility and 

confusion (5). The severity of disease has varied greatly between individuals from the start (6). 

Chinese data from February 2020 indicated that around 80% of infections were mild or 

asymptomatic, 15% developed severe infections with need for oxygen treatment, while less 

than 5% got critically ill and were in need of ventilation treatment (6). Official American 

estimates from May 2020 reported that 14% of all who tested positive were hospitalized, 2 % 

were admitted to the intensive care unit (ICU) and 5% died (7). The most vulnerable are people 

with advanced age and comorbidities such as cancer, heart conditions and respiratory 

illnesses such as asthma and chronic obstructive pulmonary disease (COPD) (6). 

Cardiovascular complications and thromboembolic events have been particularly common 

and contributed to increased mortality and morbidity (8, 9). The severity of COVID has 

diminished considerably with time due to more knowledge about the disease, better 

treatment, virus mutation, infection-induced immunity, and vaccine immunity (10).  

The treatment of COVID-19 is still a topic of some discussion, but some effective 

treatments have been identified (illustration 1) (11). A meta-analysis of randomized controlled 

trials (RCT) conducted in critically ill COVID-patients, found that the glucocortico-steroid 

dexamethasone reduced mortality compared to standard care with an odds ratio of 0.66 (95% 

confidence interval (95% CI): 0.53-0.82) (12). Furthermore, the antiviral therapies remdesivir, 

tocilizumab and baricitinib have shown possible clinical benefits (13), while prophylactic 
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anticoagulation, NSAIDs and oxygen treatment are viewed as important additional treatment 

in hospitalized COVID-patients (11). 

 

Illustration 1: Treatment algorithm for COVID-19 (11) 

 

4.2 Venous thromboembolism 
Venous thromboembolism (VTE) is a common disorder that has an annual 

incidence of 1-2 per 1000 individuals in the general population. Although it can 

occur at all ages, the incidence increases markedly with age (14, 15). VTE is a 

major cause of morbidity and mortality and is the third most common life-

threatening cardiovascular disease after myocardial infarction and stroke (16). 

Common risk factors for VTE are cancer, infection, surgery, immobility, trauma 

and pregnancy (14), and it is a condition that often affects critically ill patients, 

and severely affects their potential to recover (17).  

VTE usually manifests as either deep vein thrombosis (DVT) or pulmonary 

embolism (PE). DVT refers to the formation of a blood clot (thrombus) in the 

deep veins, and usually affects the large veins of the leg or thigh (illustration 2) 

(18). PE occurs when a blood clot dislodges from its original site and embolize to 

Illustration 2: Venous 
thromboembolism 
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the arterial blood supply of the lungs (18). Both conditions are collectively referred to as VTE, 

since they share the same underlying pathology, and often occur simultaneously in both 

locations, though often clinically silent in one of the locations (19). VTE has a one-week fatality 

rate of 5-10%, and especially PE is a potentially deadly condition, with 25% of all cases of PE 

essentially presenting as sudden death (20). 

4.3 Medical conditions, hospitalization and VTE 
Hospitalization for medical conditions is a well-established risk factor for VTE (21). Studies 

have indicated that 22% of all VTE events occur in relation to current or recent hospital 

admission for acute medical illness and is thus considered preventable (22). Additionally, more 

than 70% of all VTE-related deaths are estimated to result from hospital-acquired VTE (23), 

and three-quarters of these deaths occur in medical patients (24). The prevalence of VTE in 

patients hospitalized with respiratory diseases such as COPD has been estimated to be as high 

as 25% (24). Additionally, 15% of patients hospitalized due to an infectious disease without 

prophylactic treatment sustained a VTE, and several studies have reported that respiratory 

diseases are associated with a two-fold increase in VTE risk (24-27).  

 

4.4 Medical thromboprophylaxis 
Medical thromboprophylaxis is a treatment that aims to prevent the development of thrombi 

in patients that are considered at risk (22). Due to the substantial morbidity and mortality risk 

of VTE, medical thromboprophylaxis is recommended (22) and used (28) in the treatment of 

hospitalized patents, and studies have shown a significant reduction in VTE-incidence when 

using medical thromboprophylaxis (29). Anticoagulants, which works through targeting 

coagulation factors in the coagulation cascade (illustration 3), is the recommended treatment 

for hospitalized patients (30). However, any anticoagulant treatment is associated with an 

increased risk of major bleeding (4 per 1000) (31). Therefore, risk assessment of patients 

based on known VTE risk factors is recommended to evaluate the need for 

thromboprophylaxis  
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Illustration 3: Coagulation cascade and targets for medication 

There are several risk assessment models (RAMs) that can be used for risk stratification 

of hospitalized medical patients (32). The RAM recommended in Norway is the Padua Risk 

Score (illustration 4), which identifies patient at high (Padua score ≥4) and low risk (Padua 

score <4) (32). The Padua score was validated in a cohort study which reported a 32-fold higher 

risk of VTE in patients at high risk of VTE (33). Furthermore, high-risk patients (Padua score ≥4) 

who received anticoagulation had a significant 

reduction in VTE risk (HR: 0.13, 95% CI: 0.04-

0.4) compared to high-risk patients who 

received placebo (33). In hospitalized patients 

at low risk of VTE, the risk of bleeding relative 

to VTE risk (4 per 1000) is too high to warrant 

prophylaxis (31, 32). Consequently, a universal 

approach to prevention among hospitalized 

patients is not recommended (34).   

 

The preferred anticoagulant prophylactic treatment in-hospital is low-molecular weight 

heparins (LMWH), and the most frequently used LMWH agents are dalteparin and enoxaparin 

(32). Norwegian and international guidelines recommend 40 mg enoxaparin during the 

hospital stay or until full mobilization as prophylactic anticoagulation. In contrast, therapeutic 

anticoagulation (i.e. treatment of a first VTE to prevent recurrence) demands a higher, weight-

Illustration 4: Padua risk score 
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dependent dosage of 1.5mg/kg enoxaparin (22, 32). LMWH mostly acts by binding to 

antithrombin (AT), which inhibits coagulation factors Xa and IIa, and thus prevents the 

formation of thrombi (29). LMWH targets the same biological agent as unfractionated heparin 

(UFH), but due to its low molecular weight it has some favorable functions. LMWH is easier to 

monitor and dose, has fewer side effects, its pharmacokinetic effect is linear, it is easy to 

administer, and it is more cost-effective than UFH (35, 36). LMWH is metabolized in the liver, 

but unlike UFH it is more dependent upon renal clearance and is therefore contraindicated in 

patients with a glomerular filtration rate under 30 (36). The effect of LMWH and UFH can be 

reversed with the antidote protamine sulphate (37). Furthermore, heparin has been 

suggested to have anti-inflammatory and antiviral properties, including the ability to directly 

interact with specific spike proteins of the COVID-19 virus (38). An alternative to heparins is 

direct oral anticoagulants (DOACs). DOACs directly inhibit Factor Xa, and like LMWH they are 

easy to administer and monitor (22). However, guidelines generally recommend the use of 

LMWH as prophylaxis due to an increased risk for major bleeding when using DOACs (22).  

 

4.5 Covid-19 and VTE 
At the advent of the pandemic, a high number of thromboembolic events in Covid-19 patients 

was observed (39). Covid-related VTE risk increased with disease severity and additional 

predisposing risk factors for VTE such as cancer, surgery and immobilization (40). A systematic 

review and meta-analysis consisting of 66 studies with more than 28,000 patients reported an 

overall VTE prevalence of 14.1% in Covid-19 patients (41). The prevalence was 7.9% in non-

ICU-patients and 22.7% in ICU-patients (41), suggesting that VTE is a frequent complication in 

Covid-19 patients, and that a coagulation disruption is especially common in severely ill 

patients with COVID-19. A later meta-analysis by Mansory et al. included more studies, and 

found similar risks overall, but a sensitivity analysis of 20% of the included studies, chosen 

based on sample size, showed a VTE prevalence in all patients, ICU and non-ICU patients of 

5.5%, 15.7% and 5.6%, respectively (42). Piroth et al. compared the rates of VTE and PE in 

COVID-19 patients versus influenza patients (for influenza the rates were assessed during the 

year before the COVID-19 outbreak). They found that the rates of VTE were 4.9% in COVID-19 

patients versus 1.7% in influenza patients, while the corresponding PE rates were 3.4% versus 

0.9%, respectively (43). Additionally, Poissy et al. found a PE incidence of 20.6% in COVID-
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patients admitted to an ICU in 2020, which was more than three times higher than the PE 

incidence in influenza patients admitted to the ICU in 2019 (44). 

While much is still unknown, some pathophysiological factors have been identified that 

may explain the high incidence of thromboembolic events in COVID-19 patients. There is a 

known association between activation of an inflammatory response and activation of the 

coagulation system known as thrombo-inflammation, which leads to an elevated risk of 

thromboembolic events in patients with infectious disease (40).  SARS-CoV-2 does not itself 

appear to have direct procoagulant effects, but research suggests that the virus attacks the 

respiratory epithelium and endothelium using angiotensin-converting enzyme-receptors, 

which leads to coagulopathy and an increased risk of thromboembolism (45). Additionally, 

COVID-19 is associated with many well established VTE risk factors, such as immobilization 

due to disease, hospitalization, need for intensive care treatment, cancer and obesity, which 

in themselves increase the risk of a thromboembolic event (9, 40).  

Early in the pandemic, a Chinese study using the Padua risk score reported that 40% of 

hospitalized patients with Covid-19 were at high risk of VTE (46). Due to the high disease 

burden and potentially fatal outcome of VTE, the use of thromboprophylaxis was viewed as a 

key component in medical care of COVID-19 patients, with international guidelines supporting 

the use of prophylactic anticoagulation in hospitalized COVID-19 patients (30, 47-50). An 

observational cohort study found that patients receiving prophylactic anticoagulation had 

lower mortality (Hazard ratio (HR): 0.73, 95% CI: 0.66-0.81) compared to those who did not 

receive anticoagulation (51). Despite this, Helms et al. reported a higher VTE incidence than 

expected in critically ill COVID ARDS patients compared to non-COVID ARDS patients, mainly 

due to increased PE incidence (11.7 vs. 2.1%) even when receiving standard prophylactic doses 

of LMWH (52). Therefore, some hospitals implemented a treatment regimen where escalated 

doses of anticoagulants were used. An early meta-analysis of retrospective observational 

studies found a 43% reduction in mortality among patients receiving escalated doses (53). 

However, increased doses were also associated with a 2.5-fold increase in risk of bleeding, and 

the findings were based on low-quality evidence due to the non-randomized nature of the 

included studies (53). Consequently, it was important to fill the knowledge gap, and procure 

high-quality evidence on the efficacy and safety of escalated prophylactic doses compared to 

standard doses in acutely ill and critically ill COVID-19 patients through RCTs (54). Several RCTs 
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were performed, but the size of these studies was limited and many used composite primary 

outcomes and were thus not powered to assess the impact of escalated doses of 

anticoagulation on important secondary outcomes such as VTE, major bleeding and death. By 

pooling data from published RCTs, we can provide more robust assessments of effect and risk. 

We therefore conducted a meta-analysis of RCTs comparing escalated and standard doses of 

thromboprophylactic anticoagulation in hospitalized COVID-19 patients in both ICU and non-

ICU patients to assess whether the overall population and these subgroups would benefit from 

escalated thromboprophylactic intervention.  

 

5 Aim of the thesis 
The overall aim of the present thesis is to provide a comprehensive literature review and 

meta-analysis of randomized controlled trials comparing escalated and standard doses of 

thromboprophylaxis in Covid-19-treatment in ICU and non-ICU patients, especially focusing 

on the impact on VTE, major bleeding and all-cause mortality.  
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6 Methods 
A structured literature search was constructed and performed to retrieve randomized 

controlled trials investigating the use of escalated and standard doses of thromboprophylaxis 

in treatment of Covid-19, and especially in the prevention of VTE.  

6.1 Databases and search strategy 
The bibliographic databases Embase and Medline were used to conduct our search. Access to 

both databases were secured through the Ovid search software.  

The structured searches in Medline and Embase are presented in Supplementary Table 

1-2. For VTE, the following search terms were entered: exp thromboembolism / exp 

thrombosis / exp venous thromboembolism / deep vein thrombosis*/Pulmonary embolism*. 

The search-terms for thromboprophylaxis were: prophy* / thromboprophy* / anticoagul* /. 

Additional search terms were: exp randomized controlled trial / exp covid-19 / exp animals/ 

not humans / limit to English language and Year 2019-2022. 

After the systematic searches were executed and duplicates removed, all citations and 

references were imported to EndNote X9 (Thomson Reuters, Toronto, Canada) to help 

manage and organize the literature. The final search was conducted on April 1st, 2022. 

6.2 Inclusion and exclusion criteria 
Inclusion criteria for being included in the meta-analysis were defined using the PICOS 

process (55), and were: 

Population: Hospitalized patients with confirmed COVID-19 

Intervention: Escalated doses of thromboprophylaxis (≥40 mg enoxaparin daily, or 

equal/higher dose of other anticoagulant treatment) 

Comparison: Standard dose of thromboprophylaxis (40 mg enoxaparin daily, or equal dose of 

other anticoagulant treatment believed to give similar prophylactic effect) 

Outcomes: VTE, all-cause mortality and major bleeding 

Study design: RCT 

Searches were limited to articles published between January 1st 2019 and April 1st 

2022. Only articles written in English language and studies consisting of at least 50 participants 

were eligible for inclusion. Studies included in the meta-analysis were RCTs. Studies on post 

hospital-discharge prophylaxis and animal studies were excluded. 
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Studies were first screened by title, then by abstract and finally by full text assessment. 

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart 

for the search is shown in figure 1. The figure shows the number of identified articles and 

reasons for exclusion. 

6.3 Extraction of data 
Relevant articles were read, and the following variables were extracted to be presented in a 

pre-defined table: First author and year of publication, study design, type of intervention, 

number of study participants, outcomes, setting, main results, and conclusions. A narrative 

summarization for all included studies were conducted and can be found in the supplementary 

material. Data on VTE, death and major bleeding was extracted directly from either main text 

or supplementary material. 

6.4 Data analysis 
We performed a meta-analysis to determine the effect of escalated versus standard doses of 

prophylactic anticoagulants on the risk of VTE, mortality and major bleeding. The trials were 

analyzed in overall populations and subgroups based on whether they were conducted in an 

ICU or non-ICU setting. Risk ratios (RRs) with 95% Confidence intervals (95% CI) for VTE, death 

and major bleeding were extracted, and pooled results were calculated with Revman 5.4.1 

(Cochrane Collaboration, London, United Kingdom) and displayed in forest plots. Risk 

estimates for the overall hospitalized population and subgroups (ICU, non-ICU) were reported 

for all study outcomes. Cumulative incidence and pooled incidence of VTE, death and major 

bleeding was calculated based on the reported number of events and total number at risk.  

Risk of bias assessment was also performed for all studies using the risk-of-bias tool developed 

by the Cochrane collaboration (56), and figures were created using the Robvis-tool (57). 

  



 

14 
 

7 Results 
Nine full-text randomized controlled trials on in-hospital use of thromboprophylaxis in COVID-

19 patients were identified from the structured search and included in the thesis. Of the nine 

trials, 5 were exclusively performed in a non-ICU-setting (58-62), while 3 were performed 

exclusively in an ICU-setting (63-65), and 1 study included both ICU- and non-ICU patients (62).  

The main type of anticoagulant used was LMWH and UFH. The LMWH enoxaparin was 

the main study intervention in the REMAP-CAP, ACTIV-4a and ATTACC (henceforth only 

referred to as “ATTACC”)(58, 64), HEP-COVID(66), RAPID (62), X-COVID-19 (61), INSPIRATION 

(63) and Perepu (65) studies. The ACTION study was conducted with the direct factor Xa-

inhibitor Rivaroxaban as the main type of intervention (59).  

Six randomized controlled studies enrolled non-critically ill hospital patients (N=3,742). 

Information on main type of treatment, location, number of participants, length of follow up 

and primary outcome is found in table 1. The trials were conducted in Brazil, UK, Spain, USA, 

Canada, Italy, and Saudi Arabia. The number of participants ranged from 65 to 2,244 and the 

primary outcomes were in-hospital incidence of VTE, arterial thromboembolism (ATE), death, 

organ-support free days and composite outcome of death, hospital stay and duration of 

oxygen therapy, ICU admission, oxygen therapy, ARDS, VTE or ATE. 

Four randomized controlled studies enrolled ICU patients (N=1,916). Information on 

main type of treatment, location, number of participants and length of follow-up is found in 

table 2. The trials were conducted in Iran, UK, USA, Canada, and Brazil. Number of participants 

ranged from 83 to 1,098 and primary outcomes were all-cause mortality, organ support-free 

days, composite outcomes of VTE, ATE or death, and VTE, ATE, Extracorporeal membrane 

oxygenation (ECMO) or death.  
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7.1 Risk of bias 
In the risk of bias assessment of the non-ICU RCTs (figure 5), all studies were open label. The 

ATTACC (58) and BEMICOP (60) studies were assessed as being at a high risk of bias. The 

ATTACC study was vulnerable crossover bias due to lack of rigidity in the treatment of both 

groups: There was a major degree of crossover with over 20% of the escalated dose group 

receiving less than the planned doses, and almost 30% of the usual-care group receiving more 

than standard dose of prophylaxis. The BEMICOP study was not blinded for outcome 

assessment, introducing outcome bias. The risk of bias in the X-COVID-19 study was unclear, 

due to a big difference in treatment length between study groups, and a high number of 

unexplained exclusions that might introduce selection bias. The HEP-COVID, RAPID and 

ACTION studies were assessed as having an overall low risk of bias.   

All the ICU-studies (figure 6) were open label. The ATTACC study (64) on critically ill 

patients had a high crossover rate. In the control group, 60% received higher doses than 

standard doses of thromboprophylaxis, while more than 20% in the escalated dose group 

received smaller doses than planned. Additionally, the Perepu study had a high risk of 

outcome bias due to lack of blinding for outcome, unclear reporting, and high, unaccounted 

for exclusion rate. The INSPIRATION and HEP-COVID studies were assessed as having an 

overall low risk of bias. 

7.2 VTE 
7.2.1 Non-ICU 
All non-ICU studies except the HEP-COVID trial investigated VTE as an outcome. The individual 

study results as well as the pooled results from the meta-analysis are found in figure 2. All 

studies used LMWH as the main intervention (58, 61, 62, 64, 66, 67), except for the ACTION 

study which used a DOAC (Rivaroxaban)(59). In the ACTION study, the therapeutic 

anticoagulation group had a VTE risk reduction of 40% (RR: 0.60, 95% CI: 0.29-1.25) compared 

to standard dose, which was not statistically significant (59). Similar findings were reported in 

the ATTACC study (RR: 0.52, 95% CI: 0.26-1.03) (58), the BEMICOP study (RR: 0.21, 95% CI: 

0.01-4,13) (60), the RAPID study (RR: 0.35, 95% CI: 0.07-1.70) (62) and X-COVID-19 study (RR: 

0.08, 95% CI: 0.00-1.36) (61).  

The pooled incidence of VTE (Figure 2) in the non-ICU subgroup was 1.4% (26/1851) in 

patients receiving escalated doses and 3.1% (54/1720) in patients receiving standard doses. 
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Escalated doses of anticoagulation were associated with a substantial, statistically significant 

reduction in VTE (RR: 0.46, 95% CI: 0.29-0.73) compared to prophylactic anticoagulation in 

non-ICU patients.  

7.2.2 ICU 
VTE outcome data was reported in three of the four studies that included ICU-patients (Figure 

2). Comparing escalated versus standard dose thromboprophylaxis, the ATTACC study 

reported a considerable, statistically significant reduction in VTE risk of nearly 60% (RR:0.42, 

95% CI: 0.25-0.70). The INSPIRATION (RR: 0.93, 95% CI: 0.38-2.26) and Perepu (RR: 1.15, 95% 

CI: 0.40-3.29) studies reported no difference between the groups. 

The pooled incidence of VTE in the ICU subgroup was 3.9% (35/897) and 6.8% (64/936) 

in the escalated and standard group, respectively (Figure 2). The pooled results of the meta-

analysis indicated that escalated dosages of thromboprophylaxis were associated with a 

significant reduction of more than 40% in VTE incidence compared to standard dosages in ICU 

patients (RR: 0.57, 95% CI: 0.38-0.85). 

7.2.3 Overall 
Overall, the pooled incidence of VTE in all studies was 2.6% (76/2877) in patients receiving 

escalated doses of anticoagulants and 5.5% (153/2780) in patients receiving standard doses. 

The reported VTE events in the HEP-COVID-study did not distinguish between ICU and non-

ICU patients and was therefore only included in the overall results. Escalated-dose 

prophylactic anticoagulation was associated with reduced risk of VTE regardless of ICU status 

(RR: 0.49, 95% CI: 0.38-0.64) (Figure 2). 

 

7.3 Major bleeding 
7.3.1 Non-ICU 
All six studies that included non-ICU patients reported on major bleeding in a non-ICU setting. 

The individual study results as well as the pooled results from the meta-analysis are found in 

figure 3. The ACTION (RR: 2.45, 95% CI: 0.78-7.73) and ATTACC (RR:2.17, 95% CI: 1.00-4.69) 

studies reported considerable increased risk of major bleeding for escalated versus standard 

dose anticoagulation, while the RAPID study (RR: 0.52, 95% CI: 0.10-2.81) reported a 

decreased risk of major bleeding in the escalated dose study arm. HEP-COVID (RR: 1.02, 95% 
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CI: 0.15-2.81) and X-COVID-19 (RR: 0.99, 95% CI: 0.06-15.58) studies reported no difference 

between the groups. 

The pooled incidence of major bleeding was 1.9% (37/1926) and 1.1% (20/1798) in the 

escalated and standard dose group, respectively (Figure 3). Overall, an increased risk of major 

bleeding in patients on therapeutic dosages was identified in the non-ICU setting (RR:1.74, 

95% CI: 1.01-3.00). 

7.3.2 ICU 
All four studies that included ICU patients reported on major bleeding. Escalated-dose 

anticoagulation was associated with considerable risk of major bleeding in the HEP-COVID (RR: 

7.63, 95% CI: 0.42-137.36), INSPIRATION (RR: 1.81, 95% CI: 0.54-6.13) and ATTACC (RR: 1.63, 

95% CI: 0.82-3.25) trials, however, none of the results were statistically significant (Figure 3). 

The Perepu trial found no difference in bleeding risk (RR: 1.01, 95% CI: 0.15-7.02).  

The pooled incidence of major bleeding across all studies of ICU patients was 3.5% 

(33/936) with escalated-dose anticoagulation and 1.9% (19/973) with standard dose 

anticoagulation (Figure 3). The pooled risk ratio showed an increased risk of major bleeding in 

patients receiving escalated prophylaxis in an ICU-setting (RR: 1.78, 95% CI: 1.02-3.09). 

7.3.3 Overall 
Overall, pooled incidence of major bleeding across all studies was 2.4% (70/2862) in patients 

receiving escalated dose anticoagulation, and 1.4% (39/2771) in patients receiving standard 

dose anticoagulation regardless of ICU status (Figure 3). The risk of major bleeding was 

significantly increased in patients receiving escalated doses of thromboprophylaxis (RR: 1.76, 

95% CI: 1.19-2.59). 

 

7.4 Mortality 
7.4.1 Non-ICU 
Five studies of non-ICU patients reported on mortality, and information on the number of 

events, RRs and study population can be found in figure 4. The ACTION (RR: 1.49, 95% CI: 0.90-

2.46) and BEMICOP trials (RR:2.06, 95% CI: 0.20-21.64) found an increased risk of death in 

patients receiving escalated doses, but the findings were not statistically significant. The X-

Covid-19 trial reported a reduced risk in the escalated-dose group (RR: 0.20, 95% CI: 0.02-
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1.66), while the ATTACC trial (RR: 0.89, 95% CI: 0.67-1.18) found no difference between the 

groups.  

The pooled mortality in non-ICU patients was 6.9% (128/1842) among patients 

receiving escalated-dose anticoagulation, and 7.8% (133/1711) in patients receiving standard-

dose prophylactic anticoagulation (Figure 4). No difference in mortality rates for escalated and 

standard prophylactic treatment regimens was found (RR: 0.89, 95% CI: 0.70-1.12).  

7.4.2 ICU 
Three studies reported on all cause death in an ICU setting. The Perepu trial (RR: 0.71, 95% CI: 

0.37-1.37) reported a reduced mortality risk in the escalated dose group, but the finding was 

not significant (Figure 4). The ATTACC (RR: 1.05, 95% CI: 0.90-1.23) and INSPIRATION trials (RR: 

1.05, 95% CI: 0.87-1.28) did not report any difference in mortality.  

The pooled incidence of mortality in ICU patients receiving escalated prophylactic dose 

thromboprophylaxis was 36.9% (331/897) compared to 35.8% (335/936) in ICU patients 

receiving standard anticoagulation (Figure 4). No significant difference in mortality risk was 

found (RR: 1.03, 95% CI: 0.92-1.17). 

7.4.3 Overall 
Overall, the pooled incidence of mortality across all studies was 16.9% (484/2868) and 18.0% 

(499/2771) in the escalated and standard dose group, respectively (Figure 4). No difference in 

mortality was found (RR: 0.98, 95% CI: 0.88-1.09). The HEP-COVID trial did not distinguish 

between non-ICU and ICU patients and was therefore only included in the pooled analysis. 
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8 General discussion 
In the present thesis, the effect of escalated versus standard dose prophylactic 

anticoagulation on VTE, major bleeding and mortality in hospitalized COVID-19 patients was 

evaluated in the form of a review and meta-analysis. The pooled results from our meta-

analysis suggested that escalated doses of prophylactic anticoagulation were associated with 

a substantial reduction in VTE risk of almost 50%. However, escalated doses of 

thromboprophylaxis were associated with a considerable increase in risk of major bleeding of 

75% and escalated doses of thromboprophylaxis had no impact on all-cause mortality. In the 

analyses based on clinical setting, estimates indicated a lower risk of VTE and all-cause 

mortality in non-ICU patients receiving escalated doses of prophylactic anticoagulation 

compared to ICU patients. However, these results were not statistically significant. 

Due to the increased VTE rates in COVID-19 compared to other respiratory infections, 

international guidelines support the use of standard dose prophylactic anticoagulation in all 

hospitalized COVID-19 patients who do not have a contraindication to treatment (30, 68). 

However, despite prophylactic anticoagulation, there has still been a considerable incidence 

of thromboembolic events, suggesting that standard doses might be insufficient to prevent 

VTE at the same rate as it does for other respiratory conditions, such as influenza (43). 

Therefore, many institutions have employed escalated doses of thromboprophylaxis in the 

treatment of hospitalized COVID-19 patients (48). Our meta-analysis of studies comparing 

escalated versus standard dose of thromboprophylaxis identified an overall reduction in VTE 

risk of 51%, (95% CI: 0.38-0.64), which does support an improved effect of escalated dose 

anticoagulation. Whether acutely ill and critically ill COVID-19 patients should be treated 

differently has been debated (30). In hospitalized medical patients, anticoagulant prophylaxis 

has been shown to be more beneficial for patients at high risk of VTE (32), and therefore, one 

would expect that escalated doses of thromboprophylaxis would be more impactful in 

critically ill ICU-patients than in non-ICU patients. The results of our meta-analysis do not 

support this, as there was no difference in the risk reduction of VTE between ICU and non-ICU 

patients. Of note, the risk estimates indicated a larger risk reduction of VTE in non-ICU patients 

(RR: 0.46, 95% CI: 0.29-0.73) than ICU-patients (RR: 0.57, 95% CI: 0.38-0.85). In critically ill 

COVID-19 patients, thrombus formation is driven by what is commonly known as a “cytokine 

storm”, where a high activation of immune cells and inflammatory cytokines leads to thrombi, 
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pulmonary edema, alveolar destruction and severe coagulopathy (69). These surface-bound 

complexes  of cytokines, activated complement, platelets, endothelial and inflammatory cells 

and fibrin-bound thrombin are rather resistant to antithrombin-inhibition, the key cofactor in 

heparin and LMWH (70). Thus, it has been proposed that these mechanisms are less active in 

non-ICU patients, and could explain the observed benefit of escalated doses in non-ICU 

patients (70). 

Considering the high rate of VTE-, and especially PE cases in hospitalized COVID-

patients, one might expect that escalated doses of prophylactic anticoagulation could lead to 

a decrease in mortality (71). Overall, we found no benefit on risk of death in the escalated 

dose group (RR: 0.98, 95% CI: 0.88-1.09). In the analysis based on clinical setting, the pooled 

estimates indicated a slight reduction in mortality among non-ICU patients (RR: 0.89, 95% CI: 

0.70-1.12), while no such benefit was found in ICU-patients (1.03, 95% CI: 0.92-1.17), although 

the confidence intervals overlapped and included 1. This may be because patients with severe 

illness has likely progressed further from the procoagulant state into a disseminated 

intravascular coagulopathy (DIC)-state, and the antithrombotic effect might be much less 

impactful (70). Therefore, timing of the anticoagulant treatment may be essential (70). Of 

note, a recently updated guideline from the American Society of Hematology (ASH) suggests 

the use of escalated prophylactic doses of anticoagulants in acutely ill COVID-patients (72), 

while they suggest using standard dose prophylaxis in critically ill COVID-patients (73).  

The risk of bleeding is known to increase with increasing doses of anticoagulants (30). 

A Cochrane review published in 2014 found that standard prophylactic treatment with heparin 

in medical patients was associated with an increase in bleeding risk of 65-83% compared to 

no prophylaxis (29). Our meta-analysis found that the overall increase in bleeding risk of 76% 

in patients receiving escalated thromboprophylaxis compared to standard treatment. There 

was no difference in bleeding risk in ICU (RR: 1.78, 95% CI: 1.02-3.09) and non-ICU (RR:1.74, 

95% CI: 1.01-3.00) patients given escalated doses.  

 In the subgroups based on clinical setting, the estimates for VTE and all-cause mortality 

indicated marginal benefits in non-ICU patients receiving escalated prophylactic 

anticoagulation. However, these findings were not statistically significant. Considering the 

similarity in risk of bleeding, two questions arise. 1) Should escalated doses of prophylactic 

anticoagulation be used in all hospitalized COVID-19-patients? And if no; 2) Should escalated 
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doses of prophylactic anticoagulation be given to acutely ill COVID-19 patients? International 

guidelines do not recommend escalated doses in all hospitalized COVID-patients (72), mainly 

due to increased bleeding risk, and low-certainty evidence showing a potential increase in all-

cause mortality in critically ill patients (73). The results from our meta-analysis do not provide 

any evidence that suggests a different course, especially due to the lack of benefit on all-cause 

mortality in critically ill patients. However, whether acutely ill patients should receive 

escalated doses merits further discussion. As mentioned, ASH has recently suggested the use 

of intermediate doses in acutely ill patients (72). However, they do cite low certainty in 

available evidence, and a need for individualized decision-making. This can potentially be done 

using the IMPROVE-DD RAM (74), developed for use in hospitalized COVID-19 patients, but 

bleeding risk must also but taken into account before escalated doses are used (72). Our meta-

analysis also indicates a possible benefit in all-cause mortality and a clear reduction in VTE 

risk. However, a lot of the available evidence was gathered early in the pandemic (no patient 

enrolled in any included study after May 2021), and in the presence of improved treatment of 

COVID-19, herd immunity, new virus variants and vaccine coverage, the baseline risk of VTE 

might have changed substantially. Therefore, the findings of the initial studies summarized in 

our meta-analysis might not be generalizable to hospitalized COVID-patients in 2022. 

The studies included in our meta-analysis had some limitations. In total, 4 studies were 

assessed as being at a high risk of bias (58, 60, 61, 64). All studies were open-label studies 

which may increase the risk of differential bias related to outcome assessment. However, all 

studies included in the meta-analysis except one attempted to minimize the risk of outcome 

bias introduced by the open-label design through blinded adjudication of outcomes. The 

BEMICOP study did not perform blinded adjudication of outcomes and was therefore at high 

risk of outcome bias (60). Additionally, the BEMICOP and Perepu studies deemed many 

potential participants ineligible, without documenting why, which might have led to selection 

bias, thereby weakening the generalizability of their findings (60, 65). The two largest studies 

included in the meta-analysis, the ATTACC studies for non-critically (58) and critically ill (64) 

COVID-19 patients, were at high risk of regression dilution bias due to a substantial crossover 

in both the treatment and comparison groups. The treatment crossover was especially large, 

and unbalanced in the study on ICU-patients, where almost 60% of the comparison group 

received escalated doses, and this may have diluted a potential effect of escalated dose 
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prophylactics. Additionally, the BEMICOP, Perepu and X-COVID were terminated due to poor 

recruitment, and therefore smaller than planned, which also puts the study at high risk of 

selection bias (60, 61, 65). 

This methodological approach of this master thesis has some limitations. First, due to time 

constraints, we used a restricted search strategy. Therefore, we may potentially have missed 

some relevant studies. However, we cross-checked references of included studies to ensure 

that our data gathering was as comprehensive as possible. Second, the screening, selection of 

studies and risk of bias assessment was only conducted by one person. Ideally two people 

should have independently conducted the screening, but this was not feasible for this thesis. 

Third, subgroup analysis was performed by clinical setting, but the criteria for how ill a patient 

had to be for ICU eligibility varied from study to study, and thus some misclassification may 

have occurred. Additionally, any RCTs published or not indexed in the Embase or Medline after 

April 22, 2022, was not included. 

This thesis focused on in-hospital thromboprophylaxis to COVID-19 patients. In 

addition, post-hospitalization prophylactic anticoagulation has been a subject of much debate. 

The MICHELLE trial (75) investigated the effect of rivaroxaban, given at a prophylactic dose to 

both ICU and non-ICU patients at high risk of VTE for a period of 35 days after hospital 

discharge. The study indicated that standard dose prophylactic anticoagulation given to 

patients at high risk of VTE and concomitant low risk of bleeding, was effective and safe. 

Additionally, the ACTION study treated patients in-hospital and post-discharge with escalated 

doses of rivaroxaban (59). They concluded that such an approach was not superior to 

prophylactic-dose heparin treatment solely until hospital discharge, due to marginal effect on 

VTE risk and increased risk of bleeding, indicating that higher doses of rivaroxaban post-

discharge is not beneficial. More studies on post-hospitalization anticoagulation are still 

needed. 
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9 Conclusion 
This review and meta-analysis of studies comparing escalated doses with standard doses of 

thromboprophylaxis identified a moderately decreased risk of VTE, little to no reduction in 

death and an increase in risk of major bleeding when using escalated doses compared to 

standard prophylactic doses of anticoagulants. There was no difference in treatment benefit 

in ICU patients compared to non-ICU patients. However, the estimates might indicate a slight 

advantage of escalated doses in non-ICU patients. Many RCTs on prophylactic anticoagulation 

to COVID-19 patients are still ongoing, and knowledge on the subject is quickly evolving.  

  



 

24 
 

10 References 
1. COVID-19 and vascular disease. EBioMedicine. 2020;58:102966-. 
2. Polak SB, Van Gool IC, Cohen D, Von Der Thüsen JH, Van Paassen J. A systematic 
review of pathological findings in COVID-19: a pathophysiological timeline and possible 
mechanisms of disease progression. Modern Pathology. 2020;33(11):2128-38. 
3. Max Roser HR, Esteban Ortiz-Ospina and Joe Hasell. Coronavirus Pandemic (COVID-19) 
OurWorldInData.org: OurWorldInData.org; 2020 [Available from: 
https://ourworldindata.org/coronavirus. 
4. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS, et al. 
Endothelial cell infection and endotheliitis in COVID-19. The Lancet. 2020;395(10234):1417-8. 
5. WHO. Coronavirus disease (COVID-19) https://www.who.int/health-
topics/coronavirus#tab=tab_32022 [cited 2022 05.23]. Available from: 
https://www.who.int/health-topics/coronavirus#tab=tab_3. 
6. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus 
Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the 
Chinese Center for Disease Control and Prevention. Jama. 2020;323(13):1239-42. 
7. Stokes EK, Zambrano LD, Anderson KN, Marder EP, Raz KM, El Burai Felix S, et al. 
Coronavirus Disease 2019 Case Surveillance - United States, January 22-May 30, 2020. 
MMWR Morb Mortal Wkly Rep. 2020;69(24):759-65. 
8. Long B, Brady WJ, Koyfman A, Gottlieb M. Cardiovascular complications in COVID-19. 
Am J Emerg Med. 2020;38(7):1504-7. 
9. Connors JM, Levy JH. COVID-19 and its implications for thrombosis and 
anticoagulation. Blood. 2020;135(23):2033-40. 
10. Antonelli M, Penfold RS, Merino J, Sudre CH, Molteni E, Berry S, et al. Risk factors and 
disease profile of post-vaccination SARS-CoV-2 infection in UK users of the COVID Symptom 
Study app: a prospective, community-based, nested, case-control study. Lancet Infect Dis. 
2022;22(1):43-55. 
11. UpToDate. COVID-19: Management of the intubated adult 2022 [Available from: 
https://www.uptodate.com/contents/covid-19-management-of-the-intubated-adult. 
12. Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, Angus DC, et al. Association Between 
Administration of Systemic Corticosteroids and Mortality Among Critically Ill Patients With 
COVID-19: A Meta-analysis. Jama. 2020;324(13):1330-41. 
13. Bhimraj A, Morgan RL, Shumaker AH, Lavergne V, Baden L, Cheng VC, et al. Infectious 
Diseases Society of America Guidelines on the Treatment and Management of Patients with 
COVID-19. Clin Infect Dis. 2020. 
14. Heit JA. Epidemiology of venous thromboembolism. Nature Reviews Cardiology. 
2015;12(8):464-74. 
15. White RH. The Epidemiology of Venous Thromboembolism. Circulation. 
2003;107(90231):4I--8. 
16. Glynn RJ, Rosner B. Comparison of Risk Factors for the Competing Risks of Coronary 
Heart Disease, Stroke, and Venous Thromboembolism. American Journal of Epidemiology. 
2005;162(10):975-82. 
17. Minet C, Potton L, Bonadona A, Hamidfar-Roy R, Somohano CA, Lugosi M, et al. 
Venous thromboembolism in the ICU: main characteristics, diagnosis and 
thromboprophylaxis. Critical Care. 2015;19(1):287. 
18. Kearon C. Natural history of venous thromboembolism. Circulation. 2003;107(23 Suppl 
1):I22-30. 

https://ourworldindata.org/coronavirus
https://www.who.int/health-topics/coronavirus#tab=tab_32022
https://www.who.int/health-topics/coronavirus#tab=tab_32022
https://www.who.int/health-topics/coronavirus#tab=tab_3
https://www.uptodate.com/contents/covid-19-management-of-the-intubated-adult


 

25 
 

19. Meignan M, Rosso J, Gauthier H, Brunengo F, Claudel S, Sagnard L, et al. Systematic 
lung scans reveal a high frequency of silent pulmonary embolism in patients with proximal 
deep venous thrombosis. Arch Intern Med. 2000;160(2):159-64. 
20. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O'Fallon WM, Melton LJ, 3rd. 
Predictors of survival after deep vein thrombosis and pulmonary embolism: a population-
based, cohort study. Arch Intern Med. 1999;159(5):445-53. 
21. Bjøri E, Johnsen HS, Hansen J-B, Brækkan SK. Hospitalization as a trigger for venous 
thromboembolism – Results from a population-based case-crossover study. Thrombosis 
Research. 2019;176:115-9. 
22. Schünemann HJ, Cushman M, Burnett AE, Kahn SR, Beyer-Westendorf J, Spencer FA, 
et al. American Society of Hematology 2018 guidelines for management of venous 
thromboembolism: prophylaxis for hospitalized and nonhospitalized medical patients. Blood 
Adv. 2018;2(22):3198-225. 
23. Agnelli G, Anderson F, Arcelus J, Bergqvist D, Brecht J, Greer I, et al. Venous 
thromboembolism (VTE) in Europe. Thrombosis and Haemostasis. 2007;98(10):756-64. 
24. Cohen AT, Alikhan R, Arcelus JI, Bergmann JF, Haas S, Merli GJ, et al. Assessment of 
venous thromboembolism risk and the benefits of thromboprophylaxis in medical patients. 
Thromb Haemost. 2005;94(4):750-9. 
25. Obi AT, Tignanelli CJ, Jacobs BN, Arya S, Park PK, Wakefield TW, et al. Empirical 
systemic anticoagulation is associated with decreased venous thromboembolism in critically 
ill influenza A H1N1 acute respiratory distress syndrome patients. J Vasc Surg Venous Lymphat 
Disord. 2019;7(3):317-24. 
26. Smeeth L, Cook C, Thomas S, Hall AJ, Hubbard R, Vallance P. Risk of deep vein 
thrombosis and pulmonary embolism after acute infection in a community setting. Lancet. 
2006;367(9516):1075-9. 
27. Clayton TC, Gaskin M, Meade TW. Recent respiratory infection and risk of venous 
thromboembolism: case-control study through a general practice database. Int J Epidemiol. 
2011;40(3):819-27. 
28. Henke PK, Kahn SR, Pannucci CJ, Secemksy EA, Evans NS, Khorana AA, et al. Call to 
Action to Prevent Venous Thromboembolism in Hospitalized Patients: A Policy Statement 
From the American Heart Association. Circulation. 2020;141(24):e914-e31. 
29. Alikhan R, Forster R, Cohen AT. Heparin for the prevention of venous 
thromboembolism in acutely ill medical patients (excluding stroke and myocardial infarction). 
Cochrane Database Syst Rev. 2014(5). 
30. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K, et al. American 
Society of Hematology 2021 guidelines on the use of anticoagulation for thromboprophylaxis 
in patients with COVID-19. Blood Advances. 2021;5(3):872-88. 
31. Kahn SR, Lim W, Dunn AS, Cushman M, Dentali F, Akl EA, et al. Prevention of VTE in 
Nonsurgical Patients. Chest. 2012;141(2):e195S-e226S. 
32. Vandvik PO. Retningslinjer for antitrombotisk behandling og profylakse: Norsk Selskap 
for Trombose og Hemostase; 2016. 
33. Greene MT, Spyropoulos AC, Chopra V, Grant PJ, Kaatz S, Bernstein SJ, et al. Validation 
of Risk Assessment Models of Venous Thromboembolism in Hospitalized Medical Patients. Am 
J Med. 2016;129(9):1001.e9-.e18. 
34. Flanders SA, Greene MT, Grant P, Kaatz S, Paje D, Lee B, et al. Hospital performance 
for pharmacologic venous thromboembolism prophylaxis and rate of venous 
thromboembolism : a cohort study. JAMA Intern Med. 2014;174(10):1577-84. 



 

26 
 

35. Angelini DE, Kaatz S, Rachel, Zon RL, Pillai S, Robertson WE, et al. COVID-19 and venous 
thromboembolism: A narrative review. Research and Practice in Thrombosis and 
Haemostasis. 2022;6(2). 
36. Gouin-Thibault I, Pautas E, Siguret V. Safety Profile of Different Low-Molecular Weight 
Heparins Used at Therapeutic Dose. Drug Safety. 2005;28(4):333-49. 
37. Tummala R, Kavtaradze A, Gupta A, Ghosh RK. Specific antidotes against direct oral 
anticoagulants: A comprehensive review of clinical trials data. International Journal of 
Cardiology. 2016;214:292-8. 
38. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, et al. COVID-19 and 
Thrombotic or Thromboembolic Disease: Implications for Prevention, Antithrombotic 
Therapy, and Follow-Up: JACC State-of-the-Art Review. Journal of the American College of 
Cardiology. 2020;75(23):2950-73. 
39. Zhang L, Feng X, Zhang D, Jiang C, Mei H, Wang J, et al. Deep Vein Thrombosis in 
Hospitalized Patients With COVID-19 in Wuhan, China: Prevalence, Risk Factors, and 
Outcome. Circulation. 2020;142(2):114-28. 
40. COVID-19 and venous thromboembolism - prophylaxis and treatment. Tidsskrift for 
den Norske Lægeforening. 2020;140(11). 
41. 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. Research and Practice in Thrombosis 
and Haemostasis. 2020;4(7):1178-91. 
42. Mansory EM, Srigunapalan S, Lazo-Langner A. Venous Thromboembolism in 
Hospitalized Critical and Noncritical COVID-19 Patients: A Systematic Review and Meta-
analysis. TH Open. 2021;05(03):e286-e94. 
43. Piroth L, Cottenet J, Mariet A-S, Bonniaud P, Blot M, Tubert-Bitter P, et al. Comparison 
of the characteristics, morbidity, and mortality of COVID-19 and seasonal influenza: a 
nationwide, population-based retrospective cohort study. Lancet Respir Med. 2021;9(3):251-
9. 
44. Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, Lassalle F, et al. Pulmonary 
Embolism in Patients With COVID-19: Awareness of an Increased Prevalence. Circulation. 
2020;142(2):184-6. 
45. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implications for virus origins and receptor binding. 
The Lancet. 2020;395(10224):565-74. 
46. Wang T, Chen R, Liu C, Liang W, Guan W, Tang R, et al. Attention should be paid to 
venous thromboembolism prophylaxis in the management of COVID-19. The Lancet 
Haematology. 2020;7(5):e362-e3. 
47. Spyropoulos AC, Levy JH, Ageno W, Connors JM, Hunt BJ, Iba T, et al. 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;18(8):1859-65. 
48. Kvåle R, Azrakhsh NA, Mohn KG-I, Aanerud M, Guttormsen AB, Reikvam H. Covid-19 og 
venøs tromboembolisme – profylakse og behandling. Tidsskrift for den Norske Lægeforening. 
2020. 
49. Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF, Doerschug K, et al. 
Thromboprophylaxis in Patients With COVID-19: A Brief Update to the CHEST Guideline and 
Expert Panel Report. Chest. 2022:S0012-3692(22)00250-1. 
50. Organization WH. Living guidance for clinical management of COVID-19. 2021. 



 

27 
 

51. Rentsch CT, Beckman JA, Tomlinson L, Gellad WF, Alcorn C, Kidwai-Khan F, et al. Early 
initiation of prophylactic anticoagulation for prevention of coronavirus disease 2019 mortality 
in patients admitted to hospital in the United States: cohort study. Bmj. 2021;372:n311. 
52. Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, Delabranche X, et al. High 
risk of thrombosis in patients with severe SARS-CoV-2 infection: a multicenter prospective 
cohort study. Intensive Care Medicine. 2020;46(6):1089-98. 
53. Parisi R, Costanzo S, Di Castelnuovo A, De Gaetano G, Donati MB, Iacoviello L. Different 
Anticoagulant Regimens, Mortality, and Bleeding in Hospitalized Patients with COVID-19: A 
Systematic Review and an Updated Meta-Analysis. Seminars in Thrombosis and Hemostasis. 
2021;47(04):372-91. 
54. Talasaz AH, Sadeghipour P, Kakavand H, Aghakouchakzadeh M, Kordzadeh-Kermani E, 
Van Tassell BW, et al. Recent Randomized Trials of Antithrombotic Therapy for 
Patients With COVID-19: JACC State-of-the-Art Review. Journal of the American College of 
Cardiology. 2021;77(15):1903-21. 
55. Brown P, Brunnhuber K, Chalkidou K, Chalmers I, Clarke M, Fenton M, et al. How to 
formulate research recommendations. Bmj. 2006;333(7572):804-6. 
56. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane 
Collaboration's tool for assessing risk of bias in randomised trials. Bmj. 2011;343:d5928. 
57. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package and Shiny 
web app for visualizing risk-of-bias assessments. Research Synthesis Methods. 2020;n/a(n/a). 
58. Lawler PR, Goligher EC, Berger JS, Neal MD, McVerry BJ, Nicolau JC, et al. Therapeutic 
anticoagulation with heparin in noncritically ill patients with covid-19. New England Journal of 
Medicine. 2021;385(9):790-802. 
59. Lopes RD, de Barros e Silva PGM, Furtado RHM, Macedo AVS, Bronhara B, Damiani LP, 
et al. Therapeutic versus prophylactic anticoagulation for patients admitted to hospital with 
COVID-19 and elevated D-dimer concentration (ACTION): an open-label, multicentre, 
randomised, controlled trial. The Lancet. 2021;397(10291):2253-63. 
60. Marcos-Jubilar M, Carmona-Torre F, Vidal R, Ruiz-Artacho P, Filella D, Carbonell C, et 
al. Therapeutic versus Prophylactic Bemiparin in Hospitalized Patients with Nonsevere COVID-
19 Pneumonia (BEMICOP Study): An Open-Label, Multicenter, Randomized, Controlled Trial. 
Thrombosis and Haemostasis. 2022;122(2):295-9. 
61. Morici N, Podda G, Birocchi S, Bonacchini L, Merli M, Trezzi M, et al. Enoxaparin for 
thromboprophylaxis in hospitalized COVID-19 patients: The X-COVID-19 Randomized Trial. 
European Journal of Clinical Investigation. 2021. 
62. Sholzberg M, Tang GH, Rahhal H, Alhamzah M, Kreuziger LB, Ainle FN, et al. 
Effectiveness of therapeutic heparin versus prophylactic heparin on death, mechanical 
ventilation, or intensive care unit admission in moderately ill patients with covid-19 admitted 
to hospital: RAPID randomised clinical trial. The BMJ. 2021;375 (no pagination). 
63. Bikdeli B, Talasaz AH, Rashidi F, Bakhshandeh H, Rafiee F, Rezaeifar P, et al. 
Intermediate-Dose versus Standard-Dose Prophylactic Anticoagulation in Patients with 
COVID-19 Admitted to the Intensive Care Unit: 90-Day Results from the INSPIRATION 
Randomized Trial. Thrombosis and Haemostasis. 2021;122(1):131-41. 
64. Investigators R-C, Investigators AC-a, Investigators A, Goligher EC, Bradbury CA, 
McVerry BJ, et al. Therapeutic Anticoagulation with Heparin in Critically Ill Patients with Covid-
19. New England Journal of Medicine. 2021;385(9):777-89. 
65. Perepu US, Chambers I, Wahab A, Ten Eyck P, Wu C, Dayal S, et al. Standard 
prophylactic versus intermediate dose enoxaparin in adults with severe COVID-19: A multi-



 

28 
 

center, open-label, randomized controlled trial. Journal of Thrombosis and Haemostasis. 
2021;19(9):2225-34. 
66. Spyropoulos AC, Goldin M, Giannis D, Diab W, Wang J, Khanijo S, et al. Efficacy and 
Safety of Therapeutic-Dose Heparin vs Standard Prophylactic or Intermediate-Dose Heparins 
for Thromboprophylaxis in High-risk Hospitalized Patients with COVID-19: The HEP-COVID 
Randomized Clinical Trial. JAMA Internal Medicine. 2021;181(12):1612-20. 
67. Talasaz AH, Rashidi F, Sharif-Kashani B, Beigmohammadi MT, Farrokhpour M, Sezavar 
SH, et al. Effect of Intermediate-Dose vs Standard-Dose Prophylactic Anticoagulation on 
Thrombotic Events, Extracorporeal Membrane Oxygenation Treatment, or Mortality among 
Patients with COVID-19 Admitted to the Intensive Care Unit: The INSPIRATION Randomized 
Clinical Trial. JAMA - Journal of the American Medical Association. 2021;325(16):1620-30. 
68. Ge J, Ma Y, Wu Z, Jin J, Sun X. Anticoagulation treatment for patients with coronavirus 
disease 2019 (COVID-19) and its clinical effectiveness in 2020 A meta-analysis study. Medicine 
(United States). 2021;100(47) (no pagination). 
69. Hu B, Huang S, Yin L. The cytokine storm and COVID-19. J Med Virol. 2021;93(1):250-6. 
70. ten Cate H. Surviving Covid-19 with Heparin? New England Journal of Medicine. 
2021;385(9):845-6. 
71. Ionescu F, Jaiyesimi I, Petrescu I, Lawler PR, Castillo E, Munoz-Maldonado Y, et al. 
Association of anticoagulation dose and survival in hospitalized COVID-19 patients: A 
retrospective propensity score-weighted analysis. Eur J Haematol. 2021;106(2):165-74. 
72. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K, et al. American 
Society of Hematology living guidelines on the use of anticoagulation for thromboprophylaxis 
in patients with COVID-19: January 2022 update on the use of therapeutic-intensity 
anticoagulation in acutely ill patients. Blood Adv. 2022. 
73. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K, et al. American 
Society of Hematology living guidelines on the use of anticoagulation for thromboprophylaxis 
in patients with COVID-19: May 2021 update on the use of intermediate-intensity 
anticoagulation in critically ill patients. Blood Advances. 2021;5(20):3951-9. 
74. Spyropoulos AC, Cohen SL, Gianos E, Kohn N, Giannis D, Chatterjee S, et al. Validation 
of the IMPROVE-DD risk assessment model for venous thromboembolism among hospitalized 
patients with COVID-19. Res Pract Thromb Haemost. 2021;5(2):296-300. 
75. Ramacciotti E, Barile Agati L, Calderaro D, Aguiar VCR, Spyropoulos AC, de Oliveira 
CCC, et al. Rivaroxaban versus no anticoagulation for post-discharge thromboprophylaxis after 
hospitalisation for COVID-19 (MICHELLE): an open-label, multicentre, randomised, controlled 
trial. Lancet. 2022;399(10319):50-9. 

  



 

29 
 

11 Tables and figures 

 

  

TABLE 1. Randomized controlled trials conducted in a non-intensive care unit (ICU) setting comparing escalated 
versus standard dose prophylactic anticoagulation. 
STUDY, YEAR TREATMENT (MAIN) LOCATION N 

(N=3,742) 
FOLLOW-UP 
DURATION 

PRIMARY OUTCOME 

ACTION (59), 
2021 

Escalated: 20 mg rivaroxaban 
Standard: 40 mg enoxaparin x1 
Treatment duration: Day 30 in 
escalated arm, discharge in standard 
arm 

Brazil 615 30 days Composite outcome: 
Death, length of hospital 
stay, oxygen therapy 
duration 

ATTACC (58), 
2021 

Escalated: 40 mg x2 enoxaparin 
Standard: Usual care 
Treatment duration: 14 days in 
therapeutic arm, up to clinician in 
prophylactic arm 

UK, USA, 
Canada, 
Brazil 

2,244 21 days Organ support-free days 

BEMICOP 
(60), 2021 

Escalated: 115 IU/kg bemiparin x1  
Standard: 3500 IU bemiparin x1 
Treatment duration: 10 days 

Spain 65 10 days Composite outcome: 
Death, ICUa admission, 
oxygen therapy, ARDSb, 
VTEc, ATEd 

HEP-COVID 
(66), 2021 

Escalated: 1 mg/kg Enoxaparin x2 
Standard: 40 mg enoxaparin x1 
Treatment duration: Hospital stay 

USA and 
more 

170 30 days VTEc, ATEd or death 

RAPID (62), 
2021 

Escalated: 1 mg/kg Enoxaparin x2 
Standard: 40 mg enoxaparin x1 
Treatment duration: Discharge, day 28 
or death 

Canada 
and more 

465 28 days Death, mechanic 
ventilation or ICU 
admission 

X-COVID-19 
(61), 2021 

Escalated: 40 mg enoxaparin x2 
Standard: 40 mg enoxaparin x1 
Treatment duration: Until discharge 

Italy 183  
 
 

30 days In-hospital incidence of 
VTE 

a   ICU: Intensive care unit 
b   ARDS: Acute respiratory distress syndrome 

c   VTE: Venous thromboembolism 

d   ATE: Arterial thromboembolism 
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TABLE 2. Randomized controlled trials conducted in an intensive care unit setting comparing escalated versus 
standard dose prophylactic anticoagulation. 
STUDY, YEAR TREATMENT (MAIN) LOCATION N FOLLOW-UP 

DURATION 
PRIMARY OUTCOME 

ATTACC (64), 
2021 

Escalated: 40 mg x2 enoxaparin 
Standard: Usual care 
Treatment duration: 14 days in 
therapeutic arm, up to clinician in 
prophylactic arm 

UK and 
more. 

1,098 21 days Organ support-free 
days 

HEP-COVID 
(66), 2021 

Escalated: 1 mg/kg Enoxaparin x2 
Standard: 40 mg enoxaparin x1 
Treatment duration: Hospital stay 

USA and 
more 

83 30 days VTEa, ATEb or death 

INSPIRATION
(63), 2021 

Escalated: 1 mg/kg enoxaparin x1 
Standard: 40 mg enoxaparin x1 
Treatment duration: 30 days 

Iran 562 90 days VTEa, ATEb, ECMOc 
or death  

PEREPU (65), 
2021 

Escalated: 40 mg enoxaparin x2 
Standard: 40 mg enoxaparin x1 
Treatment duration: Hospital stay 

USA 173 30 days All-cause mortality 

a   VTE: Venous thromboembolism 

b   ATE: Arterial thromboembolism 

c   ECMO: Extracorporeal membrane oxygenation 
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  Figure 1. Modified PRISMA flow diagram illustrating the process of the structured search. 
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Figure 2. Forest plot of comparison. Thromboprophylaxis escalated versus standard prophylactic 
dose, outcome: Venous thromboembolism.  

M-H: Mantel Haenszel 
ICU: Intensive care unit 
CI: Confidence interval  
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Figure 3. Forest plot of comparison. Thromboprophylaxis escalated versus standard prophylactic 
dose, outcome: Major bleeding.  

 

M-H: Mantel Haenszel 
ICU: Intensive care unit 
CI: Confidence interval  
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Figure 4. Forest plot of comparison. Thromboprophylaxis escalated versus standard prophylactic 
dose, outcome: All-cause mortality  

M-H: Mantel Haenszel 
ICU: Intensive care unit 
CI: Confidence interval  
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Figure 5. Risk of bias assessment of non-intensive care unit randomized controlled trials. 

Figure 6. Risk of bias assessment of intensive care unit randomized controlled trials. 



 

36 
 

12 Supplementary material 
Results table. Randomized controlled trials on therapeutic and prophylactic thromboprophylaxis in ICU patients. 

Study 
Name Intervention 

Comparison 
Goal 

Number of 
participants Results Conclusions 

REMAP-
CAP, ACTIV-
4a and 
ATTACC 

Intermediate: 40 mg 
x2 or 1 mg/kg x1/0.5 
mg/kg x2 Enoxaparin 

Standard: 40 mgx1 
enoxaparin 

Does therapeutic 
anticoagulation with heparin 
in critically ill patients with 
Covid-19 improve outcomes?  

Escalated dose: 
534 
usual care: 564 

Primary outcome: 
Intermediate: 1 day 
Standard: 4 days 
OR: 0.83, 95% CI: 0.67-1.03 
Survival: Intermediate 62.7% 335 
Standard: 64.5% 364 
OR: 0.84, 95 CI: 0.64-1.11 
Major thrombotic events: 
PE (some patients had more than one 
event): 
Therapeutic: 13 
Standard: 42 
DVT: Therapeutic 6, Standard: 6 
Major bleeding: Intermediate 3.8%, 
Standard: 2.3% 

Initial strategy of 
therapeutic-dose 
anticoagulation with 
unfractionated or low-
molecular-weight heparin 
was not associated with a 
greater probability of 
survival to hospital discharge 
or a greater number of days 
free of cardiovascular or 
respiratory organ support 
than was usual-care 
pharmacologic 
thromboprophylaxis.  

REMAP-
CAP, ACTIV-
4a and 
ATTACC 

Intermediate: 40 mg 
x2 or 1 mg/kg x1/0.5 
mg/kg x2 Enoxaparin 

Standard: 40 mgx1 
enoxaparin 

Does therapeutic 
anticoagulation with heparin 
in non-critically ill patients 
with Covid-19 improve 
outcomes?  

escalated: 1190 
Usual care: 
1054 

Primary outcome: 
OR: 1.27, 95% CI: 1.03-1.58 
Survival: Therapeutic 92.7% Standard: 
91.8%  
without organ support: Therapeutic 79.3%, 
Standard: 75.4%  
Major thrombotic event: 
Therapeutic: 1.1%  
Standard: 2.1%  
Major bleeding: 
Therapeutic: 1.9%  
Standard: 0.9%   

In noncritically ill patients 
with Covid-19, an initial 
strategy of therapeutic-dose 
anticoagulation with heparin 
increased the probability of 
survival to hospital discharge 
with reduced use of 
cardiovascular or respiratory 
organ support as compared 
with usual-care 
thromboprophylaxis. 
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ACTION Therapeutic intensity: 
20 or 15 mg 
rivaroxaban  
Alt:1 mg/kg 
enoxaparin 
  

Standard: 40 mg 
enoxaparin 

comparison of efficacy and 
safety of therapeutic versus 
prophylactic anticoagulation 
in patients hospitalised with 
COVID, elevated D-dimer and 
symptoms for at least 2 
weeks before randomization 
 
Primary outcome:Mortality, 
length of hospital stay, or 
duration of oxygen therapy at 
the end of a 30-day follow-up 
 
Safety outcome: Major or 
clinically relevant bleeding 

Escalated: 311 
Standard: 304 

The primary efficacy outcome was not 
different between patients assigned 
therapeutic or prophylactic 
anticoagulation, (win ratio 0·86 [95% CI 
0·59–1·22], p=0·40).  

In patients hospitalised with 
COVID-19 and elevated D-
dimer concentration, in-
hospital therapeutic 
anticoagulation with 
rivaroxaban or enoxaparin 
followed by rivaroxaban to 
day 30 did not improve 
clinical outcomes and 
increased bleeding 
compared with prophylactic 
anticoagulation.   

BEMICOP Escalated dose: 
Bemiparin 115 IU/kg 
daily  

Standard: 
 Bemiparin 3500 IU 
daily 

Evaluate the effect of 
therapeutic doses of 
bemiparin (LMWH) vs. 
Standard prophylaxis with 
bemiparin 
 
The primary efficacy outcome 
was a composite of death, 
intensive care unit admission, 
need of mechanical 
ventilation support, 
development of 
moderate/severe acute 
respiratory distress, and 
venous or arterial thrombosis 
within 10 days 

Therapeutic: 32 
Standard: 33 

The primary efficacy outcome occurred in 7 
patients (22%) in the therapeutic-dose 
group and 6 patients (18%) in the 
prophylactic group (absolute risk difference 
3.6% [95% confidence interval [CI], –16% –
24%]; odds ratio 1.26 [95% CI, 0.37–4.26]; 
p¼0.95). Discharge in the first 10 days was 
possible in 66 and 79% of patients, 
respectively.  
 
No major bleeding event was registered. 

Therefore, in patients with 
COVID-19 hospitalized with 
nonsevere pneumonia but 
elevated D-dimer, the use of 
a short course of 
therapeutic-dose bemiparin 
does not appear to improve 
clinical outcomes compared 
with standard prophylactic 
doses. 
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X-COVID-19 40 mg x2 enoxaparin 40 mg x1 
enoxaparin 

Evaluate the efficacy and 
safety of higher doses of 
anticoagulants than 
reccomended for 
thromboprophylaxis in 
general wards 
 
Primary efficacy outcome: 
In-hospital incidence of VTE 
 
Safety outcome: Major 
bleeding 

183 patients 
91 in x2-group 
92 in x1-group 

x1 group: 6 PEs 
x2 group: 0 PEs 
 
The incidence of DVT was reasonably low 
both in patients treated with standard 
prophylactic doses of anticoagulation and 
patients treated with higher doses. The 
incidence of pulmonary artery occlusions 
was higher than that of DVT and tended to 
be higher in patients treated with 
prophylactic doses, compared to patients 
treated with higher doses of 
anticoagulants. In general, high doses of 
anticoagulants did not improve the general 
clinical outcomes of the patients, with the 
only exception on noncritically ill patients 
enrolled in the Multiplatform RCT. 

No DVT developed in COVID- 
19 patients hospitalized in 
general wards, 
independently of enoxaparin 
dosing used for 
thromboprophylaxis. 
Pulmonary artery occlusions 
developed only in the o.d. 
group. Our trial is 
underpowered and with few 
events. 

Perepu Therapeutic: 40 mg 
x2 

Standard: 40 mg 
enoxaparin 

To compare outcomes in 
hospitalized adults with 
severe COVID- 19 treated 
with standard prophylactic 
versus intermediate dose 
enoxaparin. 

176 patients 
randomized 
99 males 
77 females 

In the intention- to- treat population, all- 
cause mortality at 30 days was 15% for 
intermediate dose enoxaparin and 21% for 
standard prophylactic dose enoxaparin 
(odds ratio, 0.66; 95% confidence interval, 
0.30– 1.45 
 
Arterial or venous thrombosis occurred in 
13% of patients assigned to intermediate 
dose enoxaparin and 9% of patients 
assigned to standard dose enoxaparin. 
Major bleeding occurred in 2% of patients 
in each arm. 

In hospitalized adults with 
severe COVID- 19, standard 
prophylactic dose and 
intermediate dose 
enoxaparin did not differ 
significantly in preventing 
death or thrombosis at 30 
days.  
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RAPID LMWH or UFH 
 
Dosage adjusted by 
BMI and creatinine 
clearance 
 
Prophylactic group 
smaller dosages 

 Evaluate the effects of 
therapeutic heparin 
compared with prophylactic 
heparin among moderately ill 
patients admitted to hospital 
wards  
 
Brazil, Canada, Ireland, Saudi 
Arabia, UAE and US 
 
Primary outcome was death, 
mekanisk ventilasjon eller 
innleggelse på ICU 

Escalated: 228 
Standard: 237 

Primary composite outcome had occured 
in: Therapeutic: 37/228 patients (16.2%) 
4 deaths (1.8%) 
prophylactic: 52/237 (21.9%) 
18 deaths (7.6%) 
 
Primary OR=0.69, CI 0.43-1.10 
Death OR: 0.22 CI 0.07 to 0.65 
 
VTE: 
Therapeutic: 2 (0.9%), prophylactic: 6 
(2.5%) 
OR: 0.37, CI: 0.07-1.71 
 
Major bleeding occurred in two patients 
(0.9%) assigned to therapeutic heparin and 
four (1.7%) assigned to prophylactic 
heparin (0.52, 0.09 to 2.85) 

In moderately ill patients 
with covid-19 and increased 
D-dimer levels admitted to 
hospital wards, therapeutic 
heparin was not significantly 
associated with a reduction 
in the primary outcome but 
the odds of death at 28 days 
was decreased. The risk of 
major bleeding appeared 
low in this trial.  

HEP-COVID LMWH or UFH 
 
Dosage adjusted by 
creatinine clearance 
1 mg/kg or 0.5mg/kg 
 
Prophylactic group 
smaller dosages 
 
prophylactic: 
Enoxaparin 40 mg or 
less 
intermediate: 
30-40 mg x2 

 Evaluate effects of 
therapeutic-dose LMWH vs. 
Prophylactic or intermediate 
dose heparins for 
thromboprophylaxis in high 
risk hospitalized patients (D-
dimer >4 upper normal limit 
or sepsis-induced 
coagulopathy) 
 
Primary efficacy outcome: 
VTE, ATE or death 
 
Safety outcome: Major 
bleeding 

124 patients in 
the standard 
dose-group 
129 in the 
therapeutic 
dose-group 

Primary efficacy outcome: 
Prophylactic group=41.9% total 
VTE: 28.2%, DVT 17.7%, PE: 8.1% 
ATE: 3.2%, Death: 25 % 
Therapeutic group= 28.7% total 
VTE: 11.7%, DVT 7.0%, PE 3.1%, ATE: 3.2%, 
Death: 19.4% 
A significant difference—driven by 
reduction in thromboembolism—that was 
not seen in critically ill patients. 
The primary efficacy outcome was reduced 
in non-ICU patients (36.1% vs 16.7%; RR, 
0.46; 95% CI, 0.27-0.81; P = .004) but not 
ICU patients (55.3%vs 51.1%; RR, 0.92; 95% 
CI, 0.62-1.39; P = .71).  
Major bleeding: Prophylactic=1.6%, 
therapeutic=4.7%, RR= 2.88, CI 0.59-14.02 

Therapeutic-dose LMWH 
reduced major 
thromboembolism and 
death compared with 
institutional standard 
heparin thromboprophylaxis 
among inpatients with 
COVID-19 with very elevated 
D-dimer levels. The 
treatment effect was not 
seen in ICU patients. 
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Inspiration 
trial 

intermediate: 
1 mg/kg enoxaparin 
 
prophylactic: 
40 mg enoxaparin  

 What are the effects of 
intermediate-dose compared 
with standard-dose 
prophylactic anticoagulation 
in patients with COVID-19 
admitted to the intensive care 
unit (ICU)? 
 
Primary efficacy outcome: 
VTE, ATE, ECMO or death 
within 30 days 
 
Safety outcome: major 
bleeding 

562 patients 
 
Escalated:276 
Standard: 286 

Therapeutic: 
primary outcome= 45.7% 
Major bleeding in 2.5% 
 
prophylactic: 
Primary outcome=44.1% 
Major bleeding: 1.4% 
 
Comparison 
Primary outcome: OR=1.06, CI 0.76-1.48) 
Major bleeding: OR= 1.83, CI: 0.00-5.93 

Among patients admitted to 
the ICU with COVID-19, 
intermediate-dose 
prophylactic anticoagulation, 
compared with standard-
dose prophylactic 
anticoagulation, did not 
result in a significant 
difference in the primary 
outcome of a composite of 
adjudicated venous or 
arterial thrombosis, 
treatment with 
extracorporeal membrane 
oxygenation, or mortality 
within 30 days.  

 

  



 

41 
 

Supplementary table 1. Structured literature search in Ovid Embase for randomized 
controlled trials comparing different doses of thromboprophylaxis in Covid-19 patients. 

# Search Text results 
1 exp thromboembolism/ 641573 
2 exp thrombosis/ 439920 
3 exp venous thromboembolism/ 187353 
4 deep vein thrombosis*.ab,ti,kw. 30959 
5 pulmonary embolism*.ab,ti,kw. 65535 
6 1 or 2 or 3 or 4 or 5 647717 
7 exp covid-19/ 216413 
8 prophy*.ab,ti,kw. 293194 
9 thromboprophy*.ab,ti,kw. 9920 
10 anticoagul*.ab,ti,kw. 179880 
11 or/8-10 463944 
12 exp randomized controlled trial/ 712406 
13 6 and 7 and 11 and 12 83 
14 exp animals/ not humans/ 12867246 
15 13 not 14 54 
16 limit 15 to (english language and yr="2019-2022") 53 

 

Supplementary table 2. Structured literature search in Ovid Medline for randomized 
controlled trials comparing different doses of thromboprophylaxis in Covid-19 patients. 

# Search Text results 
1 exp thromboembolism/ 61800 
2 exp thrombosis/ 138972 
3 exp venous thromboembolism/ 14017 
4 deep vein thrombosis*.ab,ti,kw. 19241 
5 pulmonary embolism*.ab,ti,kw. 39813 
6 1 or 2 or 3 or 4 or 5 221336 
7 exp covid-19/ 161833 
8 prophy*.ab,ti,kw. 183032 
9 thromboprophy*.ab,ti,kw. 5976 
10 anticoagul*.ab,ti,kw. 108577 
11 or/8-10 286993 
12 exp randomized controlled trial/ 570251 
13 6 and 7 and 11 and 12 20 
14 exp animals/ not humans/ 5009122 
15 13 not 14 20 
16 limit 15 to (english language and yr="2019-2022") 20 
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