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Abstract
Background Hospitalized COVID-19 patients are at high risk of venous thromboembolism (VTE). Standard doses of anti-
coagulant prophylaxis may not be sufficiently effective for the prevention of VTE. The objective of this systematic-review 
and meta-analysis was to compare the efficacy and safety of high-dose versus low-dose thromboprophylaxis in hospitalized 
patients with COVID-19.
Material and methods MEDLINE and EMBASE were searched up to October 2021 for randomized clinical trials (RCTs) 
comparing high-dose with low-dose thromboprophylaxis in hospitalized adult patients with COVID-19. The primary efficacy 
outcome was the occurrence of VTE and the primary safety outcome was major bleeding.
Results A total of 5470 patients from 9 RCTs were included. Four trials included critically ill patients, four non-critically 
ill patients, and one included both. VTE occurred in 2.9% of patients on high-dose and in 5.7% of patients on low-dose 
thromboprophylaxis (relative risk [RR] 0.53; 95% confidence intervals [CIs], 0.41–0.69; I2 = 0%; number needed to treat 
for an additional beneficial outcome, 22). Major bleeding occurred in 2.5% and 1.4% of patients, respectively (RR 1.78; 
95% CI, 1.20–2.66; I2 = 0%; number needed to treat for an additional harmful outcome, 100). All-cause mortality did not 
differ between groups (RR 0.97; 95% CI, 0.75–1.26; I2 = 47%). The risk of VTE was significantly reduced by high-dose 
thromboprophylaxis in non-critically ill (RR 0.54; 95% CI, 0.35–0.86; I2 = 0%), but not in critically ill patients (RR 0.69; 
95% CI, 0.39–1.21; I2 = 36%).
Discussion In hospitalized patients with COVID-19, high-dose thromboprophylaxis is more effective than low-dose for the 
prevention of VTE but increases the risk of major bleeding.
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Introduction

The combination of systemic activation of coagulation, 
extensive pulmonary endotheliopathy and thrombo-
inflammatory process caused by SARS-CoV2 results in an 
increased risk of thrombotic complications, mainly occur-
ring in the venous system [1, 2]. In hospitalized COVID-19 
patients, the incidence of venous thromboembolism (VTE) 
appears to be considerably higher compared to the incidence 
reported in medical patients with infection, sepsis or septic 
shock [3]. This risk increases with disease severity, with 
an estimated incidence of VTE of 17% in non-critically ill 
COVID-19 patients and 24% in those admitted to intensive 
care units (ICUs) [3].

Several observational studies assessed different 
antithrombotic treatments, mostly heparin, for the prevention 
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of VTE in COVID-19 patients [4]. Available data suggested 
that, despite pharmacologic thromboprophylaxis, there is a 
substantial residual risk of VTE and a non-negligible risk 
of bleeding events [3, 5]. In addition, it remains unclear 
whether prophylactic or higher doses of anticoagulants may 
reduce in-hospital mortality in COVID-19 patients [6, 7]. 
Interpretation of findings from retrospective observational 
cohorts is complicated by the potential for residual con-
founding as the decision about the use, intensity and duration 
of anticoagulation in these studies was left to the treating 
physicians [3]. These observations left clinicians uncertain 
about the need for higher doses of thromboprophylaxis and 
resulted in heterogeneous indications from different guid-
ance documents, in particular for critically ill patients.

Recent randomized controlled trials (RCTs) comparing 
the efficacy and safety of high-dose (i.e., intermediate or 
therapeutic dose) with low-dose thromboprophylaxis in 
patients hospitalised with COVID-19 reported conflicting 
findings [8–13]. Although the primary objectives of these 
studies were to evaluate whether high-dose anticoagulation 
may prevent COVID-19 progression to organ failure and 
death, most trials reported data on VTE and bleeding events.

The objective of this systematic review and meta-analysis 
was to evaluate the pooled efficacy and safety of high-dose 
versus low-dose thromboprophylaxis for VTE in hospital-
ized patients with COVID-19.

Methods

This systematic review and meta-analysis was performed 
following the Preferred Reporting Items for Systematic 
reviews and meta-analysis (PRISMA) guidelines [14].

Study search and selection

MEDLINE and EMBASE were searched from January 2020 
up to October 2021 for RCTs comparing different regimens 
of venous thromboprophylaxis in hospitalized adult patients 
with COVID-19. The complete search strategy is shown in 
Supplementary Table 1.

Two authors (EV and AP) independently screened the 
title and abstract of all records identified by the search. RCTs 
including hospitalized patients with objectively diagnosed 
SARS-CoV2 infection and comparing high-dose anticoagu-
lation (experimental group) with low-dose anticoagulation 
(control group) were eligible. Studies with a non-randomised 
design or published in languages other than English were 
excluded. Any disagreement was resolved through discus-
sion between the review authors or involving a third review 
author (MDN).

Data extraction and risk of bias assessment

Two authors (EV and AP) independently extracted the 
following data: study characteristics (e.g., number of 
included patients, health-care setting), patient character-
istics (e.g., age, sex, presence of comorbidities, disease 
severity), anticoagulant regimens in both experimental and 
control groups (e.g., type, dose, and duration of anticoagu-
lation), number of patients who experienced the outcome 
of interest, and follow-up duration. Any disagreement was 
resolved through discussion between the review authors or 
involving a third review author (MDN).

The primary efficacy outcome was the occurrence of 
any symptomatic or incidental VTE. Secondary efficacy 
outcomes were all-cause mortality, acute myocardial 
infarction, acute ischemic stroke, acute peripheral arte-
rial ischemic events, symptomatic or incidental deep 
vein thrombosis (DVT), and symptomatic or incidental 
pulmonary embolism (PE). The primary safety outcome 
was major bleeding as defined by the authors, while the 
secondary safety outcomes were clinically relevant non-
major bleeding and heparin-induced thrombocytopenia.

The risk of bias was independently evaluated by two 
authors (EV and AP) with the revised Cochrane risk-of-
bias tool for randomized trials [15]. Any disagreement was 
resolved through discussion between the review authors or 
involving a third review author (MDN).

Statistical analysis

Categorical variables were described as counts and per-
centages and continuous variables presented as median 
(interquartile range) or mean (standard deviation), as 
appropriate. Pooled risk ratios (RRs) with corresponding 
95% confidence intervals (CIs) and prediction intervals 
(PIs) were calculated using a random-effects model. PIs 
show the extent of between-study variation and predict 
the possible effect in a future study that is comparable to 
those included in the meta-analysis. Heterogeneity among 
the included studies was evaluated by visual inspection of 
forest plots and the DerSimonian-Laird estimator, and it 
was loosely defined as moderate for I2 values of 30–60%, 
substantial for I2 values of 50–90%, and considerable for 
I2 values of 75–100% [16]. The pooled absolute risk reduc-
tions, number of patients needed to treat for an additional 
beneficial outcome (NNTB) or for an additional harmful 
outcome (NNTH) with their CIs were calculated respec-
tively for primary efficacy and safety outcomes in case of 
statistically significant findings.

To help the interpretation of the data, we also expressed 
the results in absolute terms, i.e., the number of events that 



1819Internal and Emergency Medicine (2022) 17:1817–1825 

1 3

would occur in 1000 patients receiving high-dose throm-
boprophylaxis, using the observed risk in the low-dose 
group and the pooled relative risk with its 95% CIs.

Sensitivity analyses were planned to compare the effi-
cacy and safety of intermediate or therapeutic dose versus 
low-dose thromboprophylaxis, and of high-dose versus low-
dose thromboprophylaxis in critically ill and non-critically 
ill COVID-19 patients. Critically ill patients included those 
admitted to ICU, patients requiring invasive mechanical ven-
tilation, and patients with severe COVID-19 as defined by 
the study authors. All other patients were considered non-
critically ill. We included a study in one of the subgroups 
above if more than 75% of patients in that study fulfilled 
these criteria. Furthermore, post hoc sensitivity analyses 
were performed including only RCTs in which patients 
received the intended high-dose or low-dose thrombo-
prophylaxis and to evaluate the efficacy of high-dose versus 
low-dose thromboprophylaxis in symptomatic VTE.

The presence of publication bias was assessed by funnel 
plots for the primary outcomes.

Statistical analyses were performed using R studio ver-
sion 1.3.959, “meta” and “forest” packages [17].

Results

A total of 224 records were identified by the search (Fig. 1). 
After removing 73 duplicates, 141 records were excluded 
by title and abstract screening. Of the remaining 10 studies 
evaluated as full-text, 9 were included in the final analysis 
for a total of 5470 patients [8–13, 18–20]. The inter-reviewer 
agreement was excellent with a kappa statistic of 0.94.

Characteristics of included studies

The main characteristics of the included RCTs are listed in 
Table 1. The size of the included studies ranged from 20 
to 2226 patients and follow-up duration varied between 21 
and 30 days. Four RCTs included critically ill patients [8, 
11–13], four non-critically ill patients [9, 10, 18, 19], and 
one trial included a mixed population [20].

Experimental treatment consisted in intermediate or 
therapeutic dose anticoagulation in two and seven RCTs, 
respectively. All RCTs used standard in-hospital venous 
thromboprophylaxis as control treatment. Usual-care throm-
boprophylaxis was not protocol-mandated in most cases, 
and it was administered at a dose and duration decided by 
the treating clinician according to local practice, which 
could include either standard low-dose thromboprophy-
laxis or enhanced intermediate-dose thromboprophylaxis. 
The proportion of patients in the experimental group who 
did not receive the intended high-dose thromboprophylaxis 
varied from 0 to 22.4% (Table 1). In the control group, a 

variable proportion of patients ranging between 0 and 57.8% 
received intermediate to therapeutic doses of anticoagulation 
(Table 1). With regard to the type of pharmacological throm-
boprophylaxis, most studies used enoxaparin or unfraction-
ated heparin in both experimental and control groups. In one 
RCT, the experimental group received rivaroxaban (20 mg 
or 15 mg once daily) if patients were clinically stable and 
therapeutic heparin followed by rivaroxaban in case of 
unstable patients [10]. Dose and duration of anticoagulation 
were highly variable across the studies (Table 1).

The incidence of VTE was reported by eight studies 
[8–13, 18, 20], while the occurrence of arterial thrombo-
sis (i.e., acute myocardial infarction, acute ischemic stroke, 
and acute peripheral arterial ischemic event) was reported 
in seven studies [8–10, 12, 13, 18, 20]. One study used a 
combined outcome including both venous and arterial events 
[19]. All studies reported major bleeding and all-cause mor-
tality during follow-up. The definition of the outcomes of 
interest was highly variable among the studies (Table 1). 
Only three RCTs had VTE as primary efficacy outcome [13, 
19, 20], and five had major bleeding as primary safety out-
come [10, 11, 18–20].

Four RCTs had an overall high risk of bias and five RCTs 
presented some concerns regarding the overall risk of bias 
(Fig. 2).

Primary efficacy and safety outcomes

Overall, 81 of 2750 (2.9%) patients receiving high-dose 
thromboprophylaxis developed VTE compared with 151 of 
2652 (5.7%) patients receiving low-dose thromboprophy-
laxis (RR 0.53; 95% CI, 0.41–0.69; I2 = 0%; Fig. 3) for a 
NNTB of 22 (95% CI, 17–33). Based on these findings, 
high-dose thromboprophylaxis would result in 27 fewer 
patients experiencing VTE for every 1000 treated patients 
(95% CI, 17 fewer to 38 fewer) compared with low-dose 
thromboprophylaxis. Of all VTEs, 143 were PEs (38 in the 
high-dose and 94 in the low-dose prophylaxis; in 11 patients 
the prophylaxis dose was not specified) and 84 were DVTs 
(37 in the high-dose and 46 in the low-dose prophylaxis; in 
1 patient, the dose was not specified). Results were consist-
ent when only symptomatic venous thromboembolic events 
were included in the analysis (Supplementary Fig. 1).

The risk of VTE was significantly reduced in patients 
receiving therapeutic-dose (RR 0.47; 95% CI, 0.36–0.63; 
I2 = 0%), but not in those receiving intermediate-dose 
thromboprophylaxis (RR 1.02; 95% CI, 0.52–2.00; I2 = 0%) 
(Fig.  3). Supplementary Fig.  2 shows the comparison 
between high-dose and low-dose thromboprophylaxis in 
non-critically ill (RR 0.54; 95% CI, 0.35–0.86; I2 = 0%) 
and in critically ill patients (RR 0.69; 95% CI, 0.39–1.21; 
I2 = 36%).
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Major bleeding occurred in 69 of 2781 (2.5%) patients 
receiving high-dose thromboprophylaxis compared with 
38 of 2689 (1.4%) patients receiving low-dose thrombo-
prophylaxis (RR 1.78; 95% CI, 1.20–2.66; I2 = 0%; Fig. 3) 
for a NNTH of 100 (95% CI, 47–401). On the basis of 
these findings, 11 more patients for every 1000 treated 
patient would experience major bleeding with high-dose 
as compared to low-dose thromboprophylaxis (95% CI, 3 
more to 17 more). Major bleeding was fatal in 6 out of 47 
cases (12.8%) and in 1 out of 23 cases (4.3%) in the high-
dose and low-dose groups, respectively (data reported in 
7 RCTs) [9–11, 13, 18–20].

The risk of major bleeding was significantly higher in 
patients receiving therapeutic-dose (RR 1.83; 95% CI, 
1.19–2.83; I2 = 0%), but not in patients on intermediate-
dose thromboprophylaxis (RR 1.53; 95% CI, 0.54–4.28; 
I2 = 0%) (Fig. 3).

Supplementary Fig. 3 shows the risk of major bleeding 
with high-dose versus low-dose thromboprophylaxis in 
non-critically ill (RR 1.79; 95% CI, 0.87–3.67; I2 = 22%) 
and critically ill patients (RR 1.60; 95% CI, 0.90–2.84; 
I2 = 0%).

Funnel plots for the primary outcomes are reported in 
Supplementary Figs. 4 and 5.

Fig. 1  PRISMA flow diagram
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Table 1  Characteristics of included studies

Goligher EC (8) Lawler PR (9) Lemos ACB (11) Lopes RD (10) Sadeghipour P 
(13)

Perepu US (12)

Patients Critically ill Non-critically ill Critically ill Non-critically ill Critically ill Critically ill
Experimental 

group, n
536 1181 10 310 276 87

   Regimen Therapeutic Therapeutic Therapeutic Therapeutic Intermediate Intermediate
   Dose According to local 

protocols
According to local 

protocols
Enoxaparin: 1 mg/

kg  BIDa
Rivaroxaban: 

20 mg OD (sta-
ble patients)a

Enoxaparin: 1 mg/
kg BID (unstable 
patients)a

Enoxaparin: 1 mg/
kg  ODa

Enoxaparin: 1 mg/
kg  ODa

   Duration of 
anticoagula-
tion

14 days or until 
recovery

14 days or until 
recovery

4 up to 14 days 30 days 30 days Not specified

   Anticoagulant regimens after randomization, %
     Therapeutic 77.6 79.6 100 100 – –
     Intermediate 8.3 5.6 – – 70.4 88.1
     Prophylactic 3.4 5.8 – – – –
     Other (not 

specified)
8.3 8.7 – – 19.6 11.9

Control group, n 567 1050 10 304 286 86
   Dose According to local 

protocols
According to local 

protocols
Enoxaparin: 

40 mg  ODa

UFH: 5000 IU 
 TIDa

Enoxaparin: 
40 mg  ODa

UFH: 5000 IU 
BID or  TIDa

Enoxaparin: 40 mg 
 ODa

Enoxaparin: 40 mg 
 ODa

   Anticoagulant regimens after randomization, %
      Therapeutic 6.1 0.9 – – – –
      Intermediate 51.7 26.5 – – – –
      Prophylactic 40.4 71.7 100 99.7 66.9 78.8
      Other (not 

specified)
1.8 0.8 – 0.3 23.1 21.2

   Duration of 
anticoagula-
tion

14 days or until 
recovery

14 days or until 
recovery

Not specified 30 days 30 days Not specified

VTE definition Symptomatic DVT 
or PE

Symptomatic DVT 
or PE

Not specified Not specified Symptomatic DVT 
and PE

Not specified

Bleeding defini-
tion

ISTH ISTH TIMI bleeding 
criteria

ISTH Bleeding Academy 
Research Con-
sortium type 3 or 
5 definition

ISTH

Follow-up 21 days 21 days 28 days 30 days 30 days 30 days

Sholzberg M (18) Spyropoulos AC (20) Marcos M (19)

Patients Non-critically ill Mixed population Non-critically ill
Experimental group, n 228 129 33

   Regimen Therapeutic Therapeutic Therapeutic
   Dose Enoxaparin: 1 mg/kg BID or 1.5 mg/

kg  ODa

Dalteparin: 200 IU/kg OD or 100 IU/
Kg  BIDa

Tinzaparin: 175 IU/kg  ODa

UFH: IV bolus then continuous 
 infusiona

Enoxaparin: 1 mg/kg  BIDa Bemiparin: 115 IU/kg  ODa

   Duration of anticoagulation Until the first of hospital discharge, day 
28, study withdrawal, or death

During hospitalization 10 days
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Secondary efficacy and safety outcomes

All-cause mortality occurred in 494 of 2786 (17.7%) patients 
receiving high-dose thromboprophylaxis compared with 

501 of 2690 (18.6%) patients receiving low-dose thrombo-
prophylaxis (RR 0.97; 95% CI, 0.75–1.26; I2 = 47%; Sup-
plementary Fig. 6).

BID, twice daily; DVT, deep vein thrombosis; ISTH, international society on thrombosis and haemostasis; OD, once daily; PE, pulmonary embo-
lism; TIMI, thrombolysis in myocardial infarction
a Dose adjustment according to body weight and/or renal function

Table 1  (continued)

Sholzberg M (18) Spyropoulos AC (20) Marcos M (19)

   Anticoagulant regimens after randomization, %
     Therapeutic 97.4 100 100
     Intermediate – – –
     Prophylactic – – –
     Other (not specified) 2.6 – –

Control group, n 237 124 32
   Dose Enoxaparin: 40 mg/kg  ODa

Dalteparin: 5000 IU  ODa

Tinzaparin: 4500 IU  ODa

Fondaparinux: 2.5 mg  ODa

UFH: 5000 IU BID or  TIDa

Enoxaparin: 30 or 40 mg OD or  BIDa

Dalteparin: 2500 IU or 5000 IU  ODa

UFH: up to 22500  IUa

Bemiparin: 3500 IU  ODa

   Duration of anticoagulation Until the first of hospital discharge, day 
28, study withdrawal, or death

During hospitalization 10 days

   Anticoagulant regimens after randomization, %
      Therapeutic – – –
      Intermediate – 38.7 –
      Prophylactic 97.9 61.3 100
      Other (not specified) 2.1 – –

VTE definition Symptomatic or asymptomatic DVT 
or PE

Symptomatic or asymptomatic DVT 
or PE

Symptomatic DVT or PE

Bleeding definition ISTH ISTH ISTH
Follow-up 28 days 30 ± 2 days 10 and 30 days

Fig. 2  Risk of bias summary for included studies
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The risk of PE was lower in patients receiving high-dose 
thromboprophylaxis than low-dose thromboprophylaxis (RR 
0.41; 95% CI, 0.28–0.59; I2 = 0%; Supplementary Fig. 7). 
The risks of DVT (RR 0.83; 95% CI, 0.51–1.36; I2 = 0%; 
Supplementary Fig. 8), acute myocardial infarction (RR 
0.76; 95% CI, 0.50–1.15; I2 = 0%; Supplementary Fig. 9), 
acute ischemic stroke (RR 0.94; 95% CI, 0.56–1.57; I2 = 0%; 
Supplementary Fig. 10), acute peripheral arterial ischemic 
events (RR 1.63; 95% CI, 0.27–9.76; I2 = 7%; Supplemen-
tary Fig. 11), and clinically relevant non-major bleeding 
(RR 3.05; 95% CI, 0.01–1003.84; I2 = 28%; Supplementary 
Fig. 12) appeared not to be significantly affected by the 

administration of high-dose compared to low-dose venous 
thromboprophylaxis. Data on heparin-induced thrombocyto-
penia were reported in three RCTs only (0% in both experi-
mental and control group) [9, 18, 20].

Discussion

The results of this study showed that less than 5% of hospi-
talized patients with COVID-19 receiving anticoagulation 
experienced VTE. The use of high-dose venous thrombo-
prophylaxis in these patients was associated with a lower 

Fig. 3  Venous thromboembolism and major bleeding events in hospitalized patients with COVID-19 receiving high-dose versus low-dose proph-
ylaxis. The vertical line indicates the summary estimate. Gray squares indicate individual study estimates, whereas the gray horizontal lines indi-
cate 95% confidence intervals of the individual studies. The diamond indicates the summary estimate with 95% confidence intervals. The hori-
zontal black line refers to the prediction intervals which are displayed numerically under the 95% confidence intervals. Prediction interval shows 
the extent of between-study variation and predict the possible effect in a future study that is comparable to those included in the meta-analysis. 
CI, confidence interval;  PI, prediction interval; RR, risk ratio
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risk of VTE, but a higher risk of major bleeding compared 
to low-dose venous thromboprophylaxis. Non-critically ill 
patients seemed to have greater VTE risk reduction and 
similar bleeding risk with high-dose venous thromboprophy-
laxis compared to critically ill patients. The use of high-dose 
thromboprophylaxis appeared not to affect all-cause mortal-
ity, acute myocardial infarction, acute ischemic stroke, or 
acute peripheral arterial ischemic events.

Over the last months, several studies showed that hos-
pitalized patients with COVID-19 have a high risk of VTE 
despite receiving standard pharmacological thromboprophy-
laxis [3]. These observations raised the question of whether 
higher doses of anticoagulation could lower the thrombotic 
risk without compromising safety [3]. Observational stud-
ies reported promising results in terms of survival rate and 
respiratory failure reduction among patients receiving high-
dose anticoagulation, however, there was a concerning signal 
for an increased risk of bleeding complications [6, 7]. Based 
on these preliminary reports, international guidelines sug-
gested, with a very low certainty, the administration of stand-
ard venous thromboprophylaxis in all COVID-19 hospital-
ized patients with consideration for higher doses in patients 
at higher risk of VTE [21–23]. The results of this meta-
analysis support a greater efficacy from high-doses of throm-
boprophylaxis and suggest a better benefit-to-risk profile for 
therapeutic rather than intermediate doses. Importantly, a 
relevant proportion of patients in the control group received 
intermediate-dose thromboprophylaxis possibly attenuating 
the benefits of therapeutic doses and hiding potential ben-
efits of intermediate doses in the experimental groups. For 
example, in the study by Goligher and colleagues, as many 
as 51.7% of patients in the usual-care thromboprophylaxis 
group received intermediate-dose thromboprophylaxis and 
additional 6.1% of patients received therapeutic-dose antico-
agulation, which may have diluted the differences between 
intervention and control groups [8]. Similarly, in the study 
of Lawler and colleagues, 26.5% of patients in the usual-
care thromboprophylaxis group received intermediate-dose 
thromboprophylaxis [9]. Therefore, the results of our sub-
group analysis need to be considered hypothesis generating 
only, also in light of the low number of patients and events 
(Fig. 3).

The benefits and risks of high-dose thromboprophylaxis 
may vary according to COVID-19 severity and a higher ben-
efit of intermediate-dose or therapeutic-dose anticoagula-
tion is expected in critically ill patients admitted to ICUs 
who are at higher risk of VTE compared to non-critically 
ill patients [3]. However, the results of our pooled analysis 
showed a greater benefit of high-dose thromboprophylaxis 
in non-critically ill patients than in critically ill patients. One 
explanation for this unexpected finding is that in patients 
with severe COVID-19 the thrombo-inflammatory process 
and activation of blood coagulation are too advanced to be 

effectively controlled by anticoagulation even if therapeutic-
dose thromboprophylaxis is used [24]. Conversely, in non-
critically ill patients this process may be still modifiable and 
the net clinical benefit appeared to be in favour of high-dose 
thromboprophylaxis with a number of VTE events prevented 
over twofold higher compared to the number of major bleed-
ing complications [24].

There are some limitations which warrant discussion. 
First, the dose and duration of anticoagulant regimens varied 
widely across the studies. The sensitivity analysis including 
only RCTs in which patients received the intended high-dose 
or low-dose thromboprophylaxis yielded similar results com-
pared to the primary analysis (Supplementary Figs. 13, 14). 
Furthermore, stratified analysis based on the use of interme-
diate- or therapeutic-dose thromboprophylaxis suggested a 
differential efficacy and larger effects with therapeutic-doses, 
in the absence of between-study heterogeneity. Second, the 
open-label design of all included trials represents a potential 
limitation and ascertainment bias cannot be excluded for VTE 
and major bleeding. Third, outcome definitions varied across 
trials, the occurrence of VTE during follow-up represented the 
primary efficacy outcome in only three RCTs, and all studies 
were underpowered to show differences in VTE or bleeding 
events. The relatively low incidence of VTE may be explained 
by the evaluation of symptomatic cases in the vast majority of 
the included RCTs and by the absence of protocol-mandated 
screening for VTE in the studies. Additional factors may 
include differences in study populations with inclusion of less 
severe cases or the effects of concomitant anti-inflammatory 
therapies on COVID-19-associated thrombo-inflammation 
[25]. The relatively low number of events may have prevented 
to show potentially relevant differences between intervention 
and control groups for the secondary outcomes. In addition, 
the low number of included studies limit the interpretation 
of all subgroup analyses which need to be interpreted with 
caution and regarded only as hypothesis generating. Fourth, 
the results of subgroup analysis on critically ill versus non-
critically ill patients may be affected by the heterogeneous 
diagnostic criteria used for disease severity classification and 
by the inclusion of a mixed population in one RCT [20]. How-
ever, sensitivity analysis which considered only RCTs includ-
ing critical patients yielded similar results for both VTE and 
major bleeding (Supplementary Figs. 15, 16).

In hospitalized patients with COVID-19, the administra-
tion of high-dose thromboprophylaxis significantly reduces the 
risk of VTE compared to low-dose thromboprophylaxis but 
increases the risk of major bleeding. There was no apparent 
effect of high-dose thromboprophylaxis on mortality or arte-
rial events. Non-critically ill patients seemed to obtain a larger 
benefit from high-dose thromboprophylaxis with a similar risk 
of bleeding compared to critically ill patients.
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Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11739- 022- 03004-x.
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