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Abstract 

Background  Thromboembolism is more common in patients with critical COVID-19 than in other critically ill 
patients, and inflammation has been proposed as a possible mechanism. The aim of this study was to investigate if 
12 mg vs. 6 mg dexamethasone daily reduced the composite outcome of death or thromboembolism in patients 
with critical COVID-19.

Methods  Using additional data on thromboembolism and bleeding we did a post hoc analysis of Swedish and Dan‑
ish intensive care unit patients enrolled in the blinded randomized COVID STEROID 2 trial comparing 12 mg vs. 6 mg 
dexamethasone daily for up to 10 days. The primary outcome was a composite outcome of death or thromboembo‑
lism during intensive care. Secondary outcomes were thromboembolism, major bleeding, and any bleeding during 
intensive care.

Results  We included 357 patients. Whilst in intensive care, 53 patients (29%) in the 12 mg group and 53 patients 
(30%) in the 6 mg group met the primary outcome with an unadjusted absolute risk difference of − 0.5% (95% CI 
− 10 to 9.5%, p = 1.00) and an adjusted OR of 0.93 (CI 95% 0.58 to 1.49, p = 0.77). We found no firm evidence of differ‑
ences in any of the secondary outcomes.

Conclusions  Among patients with critical COVID-19, 12 mg vs. 6 mg dexamethasone daily did not result in a statisti‑
cally significant difference in the composite outcome of death or thromboembolism. However, uncertainty remains 
due to the limited number of patients.
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Background
Thromboembolism (TE) has been reported to be three 
times more common in patients with critical COVID-19 
than in other critically ill patients [1, 2]. Inflammation 
has been proposed as a mechanism for TE in COVID-
19 patients. Coagulopathies in COVID-19 differ from 
disseminated intravascular coagulopathy mainly by 
a preserved platelet count, normal or minimally pro-
longed prothrombin time, and TE being more common 
than bleeding [3, 4]. Hypercoagulation in COVID-19 
likely has several mechanisms; both direct viral factors 
of the SARS-CoV-2 and the immunological response to 
the infection can trigger coagulation pathways [5–9]. In 
summary, the inflammatory state caused by COVID-19 
may disrupt the anti-thrombotic and anti-inflammatory 
functions of endothelial cells causing both microvascu-
lar and macrovascular thrombosis [10, 11]. One of the 
first interventions to decrease the risk of TE in patients 
with critical COVID-19 was to use intensified thrombo-
prophylaxis. However, more recent data suggests there is 
no survival benefit over the standard dose [12, 13].

In June 2020, the RECOVERY trial, comparing treat-
ment with 6 mg dexamethasone vs. standard care without 
glucocorticoids, reported a 12% absolute risk reduction 
(risk ratio 0.64, 95% CI 0.51–0.81) in 28  day mortality 
with dexamethasone for patients requiring invasive res-
piratory support [14]. Since the publication of this trial, 
6  mg dexamethasone daily has become standard treat-
ment for patients with severe or critical COVID-19 [15, 
16]. Additionally, the COVID STEROID 2 trial found 
high probabilities of better outcomes with 12 mg vs. 6 mg 
dexamethasone, although the pre-defined threshold for 
statistical significance was not met in the primary analy-
sis [17, 18].

Whether treatment with higher doses of glucocorti-
coids can decrease the risk of TE in critically ill COVID-
19 patients compared to lower doses is unknown. On one 
hand, the increased attenuation on inflammation could 
decrease coagulation triggers. On the other hand, gluco-
corticoids have also been suggested to increase the risk of 
TE which could be worse with a higher dose [19]. Also, 
higher doses of glucocorticoids may increase the risk of 
bleeding and thereby add to the risk of gastrointestinal 
(GI) bleeding in critically ill patients [20]. In more recent 
studies, the risk of GI bleeding has only been slightly 
increased or not confirmed at all and is all over low for 
critically ill patients [21]. Likewise, in the COVID STER-
OID 2 trial, the incidence of severe GI bleeding was very 
low in both the 12 and the 6 mg group, 1.8% and 1.0%, 
respectively [17, 22].

The aim of this post hoc study was to investigate 
if 12  mg vs. 6  mg dexamethasone daily reduced the 

composite outcome of death or thromboembolism in 
patients with critical COVID-19.

Methods
This study is a post hoc analysis of the international, 
randomized, blinded COVID STEROID 2 trial investi-
gating the subgroup of patients enrolled at ICUs in Den-
mark and Sweden [17]. The COVID STEROID 2 trial 
and collection of data to local databases were approved 
by medical agencies and ethics committees in Denmark 
(Ethics committee number H-20051056, 31-1521-293, 
R-21004283, EudraCT number 2020-003363-25, Dan-
ish Medicines Agency number 2020-07-16) and Sweden 
(Ethics committee number 2020-02582, 2020-04403, 
2022-00152-022020-01302, 2020–02890, 2020-06674, 
EudraCT 2020-001395-15).

The enrollment of patients in the COVID STEROID 2 
trial was done according to national regulations. In Den-
mark, informed consent was obtained from patients, a 
legal surrogate, or as an emergency procedure (by a phy-
sician not involved in the trial) before enrolling in the 
study. If a patient was enrolled by emergency procedure a 
consent was later obtained from the patient or legal sur-
rogate to continue the participation. In Sweden informed 
consent was obtained from patients. If the patient with-
drew consent, already collected data could be used as 
explicitly permitted with the initial consent.

This report was prepared in accordance with the 
STROBE checklist.

Trial sites and patients
Between August 27, 2020, and May 20, 2021, 1000 
patients were screened and enrolled in the COVID 
STEROID 2 trial; inclusion criteria were hospitalized 
patients ≥ 18  years of age with PCR-confirmed SARS-
CoV-2 and treatment for hypoxia with at least 10 L/min 
of oxygen, non-invasive mechanical ventilation, con-
tinuous positive airway pressure, or invasive mechani-
cal ventilation. Patients were excluded if previously 
randomized to the COVID STEROID 2 trial, if they had 
already received glucocorticoids for COVID-19 for more 
than four consecutive days, had treatment with gluco-
corticoids in doses higher than 6  mg dexamethasone 
for an indication other than COVID-19, had a diagno-
sis of active tuberculosis, or active fungal infection, had 
hypersensitivity to dexa-/betamethasone, or if they were 
pregnant.

The additional inclusion criteria for this post hoc analy-
sis was to only include patients randomized in an ICU in 
hospitals in Denmark or Sweden as full data on TE and 
bleeding were only available in this group. The additional 
exclusion criteria were established TE and/or bleeding 
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at randomization date. Patients were followed until ICU 
discharge, death, or withdrawal of consent.

Randomization and intervention
Patients in the COVID STEROID 2 study were rand-
omized 1:1 to 12  mg or 6  mg dexamethasone daily. At 
sites where dexamethasone was not available, betametha-
sone was permitted as the drugs are likely equipotent 
[23].

Data collection
Local trial investigators entered data in the COVID 
STEROID 2 database using web-based case report files, 
including data regarding baseline characteristics, mortal-
ity and allocation. Data on TE and bleeding, laboratory 
coagulation parameters, and data on anticoagulation 
regime were retrieved from local databases.  Both in 
Denmark and Sweden, these local databases were built 
by reviewing patient data in electronic health records 
(EHR). This was done by medical students, physicians, 
and research nurses. If the EHR was difficult to inter-
pret, the reviewer was instructed to discuss with the 
responsible investigator (i.e., an experienced senior phy-
sician) at the site.  Regimes of anticoagulation were cat-
egorized as follows: low dose of low-molecular-weight 
heparin (LMWH): 2500–4500  IU daily for tinzaparin, 
2500–5000  IU daily for dalteparin or ≤ 40  mg daily for 
enoxaparin; intermediate dose of LMWH: > 4500  IU 
but < 175  IU/kg of body weight daily for tinzapa-
rin, > 5000  IU but < 200  IU/kg of body weight daily for 
dalteparin, or > 40 mg but < 1 mg/kg of body weight daily 
for enoxaparin; and high dose of LMWH: ≥ 175  IU/kg 
of body weight daily for tinzaparin, ≥ 200 IU/kg of body 
weight daily for dalteparin, or ≥ 1 mg/kg of body weight 
daily of enoxaparin.

Outcome
The primary outcome of this post hoc study was the 
composite outcome of death or TE during ICU stay. 
Secondary outcomes were TE, major bleeding, and any 
bleeding during ICU stay. TE was a composite of clini-
cally detected myocardial infarction (MI), pulmonary 
embolism/thrombosis (PE/PT), deep vein thrombosis 
(DVT), ischemic stroke, or other thromboembolic events. 
Diagnoses were confirmed by computed tomography (for 
PE/PT, ischemic stroke, other thromboembolic events), 
ultrasound (DVT) or according to the fourth universal 
definition of myocardial infarction by European Society 
of Cardiology (MI) [24]. Bleeding was registered accord-
ing to site and severity and categorized as major bleeding 
or any bleeding. Major bleeding was defined as a bleed-
ing requiring transfusion of at least two units of packed 
red blood cells, intracranial bleeding, and/or a bleeding 

requiring a major therapeutic intervention, e.g., surgery 
or interventional radiology. Any bleeding was defined as 
a bleeding described in the EHR. No center preformed 
screening for TE or bleeding, and examinations were 
done at the discretion of the treating clinicians. For both 
primary and secondary outcomes, the interaction of 
baseline fibrin-D-dimer and CRP were investigated.

Statistical analysis
All analyses were done by intention to treat. Descriptive 
statistics were used to summarise baseline and follow-
up data with medians and interquartile range (IQR) pre-
sented for continuous data and numbers and proportions 
(%) for categorical data. A two-sample test for equality 
of proportions was used to estimate the unadjusted risk 
difference between groups. Regression analyses were 
used to assess the outcomes from randomization to ICU 
discharge, death in the ICU, or withdrawal of consent, 
whichever occurred first. Logistic regression was used to 
estimate the odds ratios (ORs) with corresponding 95% 
confidence intervals (CIs) for the primary and secondary 
outcomes. Cox proportional hazards regression was used 
to estimate hazard ratios (HRs) with corresponding 95% 
CIs for time to primary and secondary outcomes with 
patients right-censored when discharged from ICU, when 
dying in ICU, or withdrawing consent from the study. 
The regression analyses for both primary and secondary 
outcomes was performed with and without adjusting for 
age (below 70 years vs. 70 years or above) and the use of 
invasive mechanical ventilation at screening (yes/no) as 
in the COVID STEROID 2 trial. In addition, adjustment 
for initial dose of LMWH (low, intermediate, or high 
dose) in the ICU was also performed in an additional 
logistic regression analysis.

The fibrin-D-dimer and CRP and their interactions 
with the dose of dexamethasone were modeled using 
restricted cubic splines in separate logistic regression 
models. Reference intervals on fibrin-D-dimer differed 
between hospitals. All hospitals provided an absolute 
value if the result was between 0.2 and 12 mg/L fibrino-
gen equivalent units (FEU). Below 0.2 and above 12 mg/L 
FEU, the value could be noted as less than 0.2 and more 
than 12  mg/L FEU. This was handled by replacing val-
ues above 12  mg/L by 13  mg/L and below 0.2  mg/L by 
0.19  mg/L FEU. This was deemed unproblematic since 
clinically values below 0.2  mg FEU are considered very 
low and above 12 mg FEU are considered very high and 
medians and IQR were used to present the result.

To check the assumption of proportional hazards, 
scaled Schoenfeld residuals were plotted and there was 
no indication of violation.

Two-sided p-values < 0.05 was considered statistically 
significant. SPSS Statistics v 28.0.0.0 (190) (IBM, 2021) 
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and R v 3.5.1 (R Core, 2017. R: A language and environ-
ment for statistical computing. R Foundation for Statisti-
cal Computing, Vienna, Austria) were used for analysis.

Results
Study population
Out of the 1000 patients randomized in the COVID 
STEROID trial, 380 patients were enrolled in a Danish 
or Swedish ICU. Nineteen patients were excluded due to 
TE, three due to bleeding and one due to both TE and 
bleeding at the time of randomization. Included patients 
were from 19 different sites, 17 in Denmark (300 patients) 
and two in Sweden (57 patients). All of the 357 patients, 
180 allocated to the 12 mg group and 177 allocated to the 

6 mg group, were followed until ICU-discharge, death, or 
withdrawal of consent (Fig. 1).

Baseline characteristics are presented in Table  1. The 
median time from ICU admission to randomization was 
1 day (range 0–5), and patients were treated in the ICU 
for median 9 days (range 0–96).

Primary outcome
During ICU stay, 53 patients (29%) in the 12  mg group 
and 53 patients (30%) in the 6  mg group met the pri-
mary outcome of death or TE, absolute risk difference 
between groups 0.5% (95% CI −  9.5 to 10%, p = 1.00, 
Table  2). The cumulative proportions of death or TE 
were similar between groups (Fig. 2a). The adjusted OR 

Randomization of patients with critical COVID-19 in this post hoc sub study of the COVID STEROID 2 trial.  

a There were 33 patients who met more than one criterium 

b There was one patient who met more than one criterium

c Two patients in the 12 mg group withdrew consent before ICU- discharge 

357 Randomized eligible and eligible for 

this post hoc study

625  Excluded according to criteria for the sub studyb

602 Not randomized in ICU in Denmark or Sweden  

20  Established TE at randomization 

4 Established bleeding at randomization 

180 Randomized to 12 mg/d of dexamethasonec 177 Randomized to 6 mg/d of dexamethasone

1414  Adults hospitalized for COVID-19 and severe 

hypoxemia assessed for eligibility 

414 Excluded according to criteria for COVID STEROID 2a 

213  Already received glucocorticoids for 5 d 

167  Did not provide consent 

  53  Received higher-dose glucocorticoids for another 

condition 

    7  Had fungal infection  

    4  Were pregnant 

    3 Had active tuberculosis 

    1  Had known hypersensitivity to dexamethasone  

1000 Randomized 

982 were included in the full analysis 
data set of the COVID STEROID 2 trial

18  Excluded due to no consent to use any data 

13 Withdrew consent prior to initiation of therapy 

5 Excluded because consent was not granted

Fig. 1  Patients with critical COVID-19 in the post hoc, study of the COVID STEROID 2 trial
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Table 1  Baseline characteristics by dose of dexamethasone

Characteristic 12 mg of dexamethasone (n = 180) 6 mg of dexamethasone (n = 177)

Country of enrollment

 Denmark 152 (84) 148 (84)

 Sweden 28 (16) 29 (16)

 Age, median (IQR) years 64 (57 to 74) 66 (58 to 73)

Sex

 Male 121 (67) 122 (69)

 Female 59 (33) 55 (31)

 Weight, median (IQR) kg 90 (75 to 105) 90 (78 to 103)

Coexisting conditions

 Diabetes mellitus 34 (19) 53 (30)

 Ischemic heart disease or heart failure 23 (13) 23 (13)

 Chronic obstructive pulmonary disease 20 (11) 28 (16)

 Immunosuppressive therapy within 3 months prior to randomization 13 (7.2) 10 (5.6)

 Limitations of care (life support or CPR) 14 (7.8) 12 (6.8)

 Time from onset of symptoms to hospitalization, median (IQR), days (n = 163), 7 (4 to 10) (n = 166), 8 (5 to 10)

 Time from hospitalization to randomization, days 2 (1 to 3) 1 (1 to 3)

 Time from hospitalization to ICU admission, days 1 (0 to 1) 1 (0 to 1)

Type of oxygen supplementation

 Nasal cannula or open mask 99 (55) 101 (57)

 Flow rate for nasal cannula and open mask, median (IQR) L/min 25 (15 to 41) 29 (17 to 45)

 Closed systems 81 (45) 76 (43)

 Non-invasive ventilation 23 (13) 24 (14)

 Continuous positive airway pressure 1 (0.6) 2 (1.1)

 Invasive ventilation 57 (32) 50 (28)

 PaO2/FiO2 for closed systems, median (IQR) (n = 79), 17 (12 to 23) (n = 76), 17 (11 to 22)

Chronic use of medication

 Corticosteroids 2 (1.1) 12 (6.8)

 Antithrombotic medication (n = 177), 51 (29) (n = 172), 49 (28)

Therapy during current admission

 Anti-inflammatory agents 22 (12) 23 (13)

 Janus Kinase inhibitor 0 (0) 0 (0)

 IL-6 inhibitor 20 (11) 18 (10)

 Other 3 (1.7) 5 (2.8)

 Antiviral agents 99 (55) 94 (53)

 Remdesivir 95 (53) 92 (52)

 Convalescent plasma 1 (0.6) 2 (1.1)

 Other 6 (3.3) 2 (1.1)

 Antibacterial medication in the 24 h prior to randomization 107 (59) 116 (66)

 Vasopressor or inotrope for at least 1 h in the 24 h prior to randomiza‑
tion

50 (28) 36 (20)

 Renal replacement therapy in the last 72 h prior to randomization 5 (2.8) 2 (1.1)

 Initial dose of LMWHa (n = 167) (n = 168)

 High LMWH doseb 33 (20) 30 (18)

 Intermediate LMWH dosec 86 (51) 88 (52)

 Low LMWH dosed 45 (27) 48 (29)

 No prophylaxis 3 (1.8) 2 (1.2)

Laboratory markers

 Plasma Lactatee, median (IQR) mmol/L (n = 177), 1.8 (1.3 to 2.7) 1.9 (1.4 to 2.5)

 Hemoglobinea, median (IQR) mmol/L (n = 179), 8.1 (7.3 to 8.8) (n = 176), 8.1 (7.2 to 8.7)

 Platelet counta, median (IQR) 10^9/L (n = 172) 234.0 (187.5 to 308.0) (n = 175) 229.0 (176.0 to 301.5)
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for the primary outcome for the 12  mg vs. 6  mg group 
was 0.93 (95% CI 0.58 to 1.49, p = 0.768, Table  3). The 
result was similar after additional adjustment for initial 

LMWH-dose (Additional file  2: Table  S1). The adjusted 
HR for primary outcome for the 12  mg vs. 6  mg group 

Table 1  (continued)

Characteristic 12 mg of dexamethasone (n = 180) 6 mg of dexamethasone (n = 177)

 Prothrombin timea, median (IQR) INR (n = 170), 1.1 (1.0 to 1.2) (n = 169), 1.1 (1.0 to 1.2)

 Fibrin-D-dimera, median (IQR) mg FEU (< 0.2—> 12) mg/L (n = 153), 1.1 (0.7 to 2.5) (n = 152), 1.3 (0.9 to 2.1)

 CRPa, median (IQR) mg/L (n = 175), 120 (81 to 170) (n = 175), 128 (82 to 199)

Baseline characteristics of 357 patients with critical COVID-19 by dose of dexamethasone. Values are expressed as no. (%) unless otherwise indicated. Data are 
complete for all included patients unless indicated by number of patients. For proportions of missing data se additional file, handling of missing data.

CPR cardiopulmonary resuscitation, PaO2/FiO2 Partial pressure of oxygen/Fraction of inspired oxygen, IL-6 Interleukin-6, LMWH low-molecular-weight heparin, ICU 
intensive care unit, FEU fibrinogen equivalent units, CRP c-reactive protein
a At ICU admission defined as the first date during ICU stay
b Tinzaparin, ≥ 175 IU/kg of body weight per daily, dalteparin, ≥ 200 IU/kg of body weight daily, or enoxaparin, ≥ 1 mg/kg of body weight daily
c Tinzaparin, > 4500 IU daily to < 175 IU/kg of body weight daily, or dalteparin, > 5000 IU daily to < 200 IU/kg of body weight daily, or enoxaparin, > 40 mg but < 1 mg/kg 
of body weight daily
d Tinzaparin, 2500–4500 IU daily, dalteparin, 2500–5000 IU daily, or enoxaparin, ≤ 40 mg daily
e SI conversion factor: to convert lactate to mg/dL divide by 0.111

Table 2  Primary and secondary outcomes by dose of dexamethasone

Primary and secondary outcomes during ICU stay among 357 patients with critical COVID-19 by dose of dexamethasone. Values are expressed as no. (%)

CI confidence interval, GI gastrointestinal
a Two sample test for equality of proportions; 2-sample test for equality of proportions without continuity correction

Outcome 12 mg of 
dexamethasone 
(n = 180)

6 mg of 
dexamethasone 
(n = 177)

Absolute 
differences (%)

95% CI (%) p-valuea

Death or thromboembolism 53 (29) 53 (30) − 0.50 − 10 to 9.5 1.00

Death 40 (22) 40 (23) − 0.38 − 9.4 to 8.7 1.00

Thromboembolism 18 (10) 18 (10) − 0.17 − 6.6 to 6.2 1.00

Pulmonary embolism 14 (7.8) 17 (9.6) − 1.8 − 8.2 to 4.6 0.67

Deep vein thrombosis 0 (0) 0 (0) 0.00

Myocardial infarction 2 (1.1) 0 (0) 1.1 − 1.0 to 3.2 0.49

Stroke 1 (0.6) 0 (0) 0.56 − 1.1 to 2.2 1.00

Other thrombotic event 3 (1.7) 3 (1.7) − 0.03 − 2.7 to 2.7 1.00

Type of bleeding

 Major bleeding 10 (5.6) 10 (5.6) − 0.09 − 5.0 to 4.8 1.00

 Any bleeding 35 (19) 41 (23) − 3.7 − 13 to 5.3 0.47

Site of bleeding

 Upper airway bleeding 13 (7.2) 16 (9.0) − 1.8 − 8.0 to 4.4 0.66

 Lower airway bleeding 4 (2.2) 6 (3.4) − 1.2 − 5.2 to 2.8 0.73

 Intrathoracic airway bleeding (hemothorax, medi‑
astinum, pleura),

0 (0) 3 (1.7) − 1.7 − 4.2 to 0.77 0.24

 Skin (petechiae, ecchymosis, purpura), 4 (2.2) 3 (1.7) 0.53 − 2.9 to 3.9 1.00

 IV lines: bleeding from catheters, drains, iv lines 9 (5.0) 8 (4.5) 0.48 − 4.4 to 5.4 1.00

 Muscle: bleeding in muscle or soft tissue, 5 (2.8) 4 (2.3) 0.52 − 3.2 to 4.3 1.00

 Upper GI bleeding 9 (5.0) 9 (5.1) − 0.08 − 4.7 to 4.5 1.00

 Lower GI bleeding 5 (2.8) 2 (1.1) 1.6 − 1.8 to 5.1 0.46

 Intracranial bleeding 1 (0.6) 1 (0.6) − 0.01 − 1.6 to 1.5 1.00

 Post-surgical bleeding 5 (2.8) 4 (2.3) 0.52 − 3.2 to 4.3 1.00

 Genitourinary bleeding 5 (2.8) 5 (2.8) − 0.05 − 3.5 to 3.4 1.00
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was 0.95 (CI 95% 0.65 to 1.40, p = 0.813) (Additional 
file 2: Table S2).

Secondary outcome
No firm evidence of differences was found in any of the 
secondary outcomes (TE, major bleeding, or any bleed-
ing) between the 12 and 6 mg group (Tables 2, 3). Eight-
een patients (10%) in the 12 mg group and 18 patients 
(10%) in the 6  mg group had TE (absolute risk differ-
ence 0.17%; 95% CI −  6.2 to 6.6%, p = 1.00; Table  2). 
Cumulative proportions are displayed in Fig. 2b. There 
were no statistically significant differences between the 
different types of TEs with the majority being PE/PT in 
both groups (Table 2). The adjusted OR for TE for the 

12 mg was 0.97 (95% CI 0.48 to 1.94, p = 0.927) vs. the 
6  mg group (Table  3), and the adjusted HR for TE for 
the 12 mg was 1.01 (CI 95% 0.52 to 1.93, p = 0.988) vs. 
the 6 mg group (Additional file 2: Table S2).

Bleeding occurred in 19% (35/180) in the 12 mg group 
and 23% (41/177) in the 6  mg group leading to a risk 
difference of 3.7% (95% CI −  5.3% to 13%, p = 0.446); 
in both groups 5.6% had major bleeding. The adjusted 
ORs for bleeding and major bleeding were 0.80 (95% CI 
0.46 to 1.30, p = 0.339) and 0.97 (95% CI 0.39 to 2.42, 
p = 0.940), respectively (Table  3). The adjusted HR for 
major bleeding was 0.89 (95% CI 0.36 to 2.15, p = 0.789) 
for the 12 mg group vs. the 6 mg group as seen in Addi-
tional file  2: Table  S2; the cumulative proportions are 
shown in Fig. 2c. The bleeding sites did not differ sub-
stantially between groups (upper airway bleeding in 
9.0% and 7.2% of patients, upper GI bleeding in 5.1% 
and 5.0%, and bleeding from intravenous lines in 4.5% 
and 5.0% in the 12  mg and 6  mg groups, respectively, 
Table 2).

LMWH, Fibrin‑D‑dimer, and CRP
There were considerable uncertainties in the analyses 
when separately analyzing patients with high, interme-
diate, and low dosing of LMWH against dose of dexa-
methasone (Additional file 2: Table S3).

Interactions between the intervention and both 
fibrin-D-dimer and CRP were investigated for all out-
comes with no statistically significant different result 
and substantial uncertainty in the results (Additional 
file 2: Fig S1).
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Fig. 2  Kaplan–Meier curves of outcomes during ICU stay according to dose of dexamethasone. Kaplan–Meier curves of A Death or 
Thromboembolism B Thromboembolism, and C Major bleeding events among 354 patients with critical COVID-19 by dose of dexamethasone. 
Thromboembolism in A and B defined as myocardial infarction, pulmonary embolism/thrombosis, deep vein thrombosis, ischemic stroke or other 
thromboembolic events. Major bleeding in C defined as a bleeding requiring transfusion of at least two units of red blood cells, an intracranial 
bleeding, and or a bleeding requiring a major therapeutic intervention

Table 3  Risk of death or thromboembolism, thromboembolism, 
major bleeding, and any bleeding by dose of dexamethasone

Odds ratios for death or thromboembolism, thromboembolism, major bleeding 
and any bleeding during ICU stay among 357 patients with critical COVID-19 
with 12 mg vs. 6 mg dexamethasone daily

OR odds ratio, CI confidence interval
a Adjusted for age (< / ≥ 70 years) and invasive mechanical ventilation (yes/no)

Characteristic OR 95% CI p-value

Death or thromboembolism, unadjusted 0.98 0.62 to 1.54 0.92

Death or thromboembolism, adjusteda 0.93 0.58 to 1.49 0.77

Thromboembolism, unadjusted 0.98 0.49 to 1.96 0.96

Thromboembolism, adjusteda 0.97 0.48 to 1.94 0.93

Major bleeding, unadjusted 0.98 0.39 to 2.45 0.97

Major bleeding, adjusteda 0.97 0.39 to 2.42 0.94

Any bleeding, unadjusted 0.80 0.48 to 1.33 0.39

Any bleeding, adjusteda 0.78 0.46 to 1.30 0.34
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Discussion
In this post hoc analysis of the COVID STEROID 2 trial, 
we found no firm evidence of differences in risk of the 
composite outcome of death or TE, TE, major bleeding, 
or any bleeding during ICU stay for patients with critical 
COVID-19 receiving 12 mg vs. 6 mg dexamethasone. The 
multicenter randomized COVIDICUS trial, comparing 
high-dose glucocorticoids (dexamethasone, 20  mg  day 
1–5 and 10  mg  day 6–10) with standard dose, reported 
on the safety outcomes of TE and bleedings [25]. In con-
trast to our study, COVIDICUS was constrained to PE, 
DVT, and GI bleedings. Nevertheless, results are consist-
ent with ours, although both studies are limited by the 
low number of events.

One possible reason for not finding a difference in 
death, thromboembolism or bleeding between 12 and 
6  mg group could be that coagulopathic side-effects of 
glucocorticoids counteract the glucocorticoids’ attenua-
tion on inflammatory induced TE. In a meta-analysis of 
retrospective and observational studies with COVID-19 
patients, glucocorticoids increased the incidence of TE, 
but the study did not consider ICU patients as a separate 
cohort [19]. The side effects of glucocorticoids are well 
known as glucocorticoids are used in the treatment of 
many diseases. Long term use of glucocorticoids is asso-
ciated with coagulopathy, both venous thromboembo-
lism and bleeding, mainly from the GI tract [26]. Lately, 
short-term use of glucocorticoids has been identified to 
increase risk of coagulopathy, especially within 30  days 
of treatment [27]. Consequently, an equilibrium between 
glucocorticoid effect on inflammatory induced TE and 
glucocorticoid side effects with increased doses of dexa-
methasone from 6 to 12 mg daily could result in a similar 
incidence of TE and bleeding in the two groups.

As inflammation has been proposed as a mechanism 
for TE, we wanted to investigate if patients with a higher 
degree of inflammation had a different outcome accord-
ing to the dose of dexamethasone compared to the 
patients with a lower degree. For this, we used Fibrin-D-
dimer as it is an indicator of clotting disorder and exten-
sively studied in the COVID-19 population, and CRP, a 
well-established marker of inflammation. Analyses of 
possible interactions between the dose of dexametha-
sone and Fibrin-D-dimer and CRP revealed no signifi-
cant results. As visualized in Additional file 2: Fig S1a–c, 
the point estimate was lower for death and TE, TE, and 
major bleeding in the 12 mg group with a baseline CRP 
between 80 and 250, although these results carry sub-
stantial uncertainties.

Treatment guidelines have evolved rapidly during the 
pandemic, and it is difficult to separate the introduc-
tion of treatment with glucocorticoids from the effect 
of other temporal changes in treatment with intensified 

thromboprophylaxis being one important confounder 
[3]. In our study, we additionally adjusted for different 
doses of LMWH and looked at each LMWH subgroup 
separately. However, the outcomes did not differ signifi-
cantly within LMWH-doses between the 12 and the 6 mg 
group.

Limitations
Our post hoc analysis has several limitations. First, the 
absence of a significant difference between groups may 
be due to limited power and therefore a substantial differ-
ence in both directions cannot be rejected. When plan-
ning for the study, we expected that all COVID STEROID 
2 patients admitted to ICUs in Denmark and Sweden 
would be eligible, but some were randomized before ICU 
admission. To have access to full data of TE and bleeding 
events, we only included patients randomized after ICU 
admission. However, because the outcome of TE in our 
population was quite rare, the possibility to show a differ-
ence between the groups would require a sample size so 
large that the effect of the intervention would most likely 
not be clinically meaningful.

Second, in the additional analyses including daily dose 
of LMWH, we grouped patients according to the initial 
dose when admitted to the ICU. This could potentially 
be a misclassification as many patients change LMWH 
dose during the ICU-stay. For us this was the only avail-
ably way as the Swedish patients only had initial dose 
registered. The results of the analysis including LMWH 
must only be seen as an attempt to illustrate thrombo-
prophylaxis as it is of interest in a study with outcomes 
of thromboembolism and bleeding. However, as the 
patients were randomized to dose of dexamethasone 
the possible misclassification is random and should not 
produce systematic difference in the risk of changes of 
LMWH dose between the 12 vs. 6 mg groups.

Third, date of ICU admission and randomization could 
be on different dates. This adds to the risk of misclas-
sification of LMWH dose. This was also the case when 
investigating interactions with Fibrin-D-dimer and CRP 
as the available laboratory results are from the ICU 
admission date. However, the median difference between 
ICU-admission and randomization was only one day.

Fourth, we choose discharge from ICU as the follow up 
period of our primary endpoint. An alternative follow-
up period would have been a fixed period, for example 
28 days from ICU admission. The reason for our choice 
was the post hoc nature of the study and the consequent 
limited availability of data.

Finally, the diagnosis of TE may have been missed as 
the incidence was low compared to that reported in a 
meta- analysis of TE in COVID-19 patients [28]. In our 
population, the incidence of TE was only 10% in both 
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groups with especially low numbers for DVT and arte-
rial thromboembolic events. However, this low preva-
lence is in concordance with newer RCTs [29, 30]. One 
reason could be that our patients were not screened for 
TE. Guidelines recommend a low threshold for proceed-
ing with an investigation for TE but yet screening for all 
patients is not endorsed and the diagnosis may be missed 
[31]. Studies using routine screening of TE show higher 
incidence compared to those relying on clinical suspicion 
[28, 32, 33]. This indicates that for future studies inves-
tigating TE in patients with critical COVID-19, routine 
screening will likely find more TE and therefore may also 
find difference between interventions. However, the clini-
cal importance of asymptomatic TE must be considered. 
Other reasons for the low incidence of TE could be the 
exclusion of patients with TE diagnosed at ICU admis-
sion and the use of intensified thromboprophylaxis; high 
or intermediate dose of LMWH as starting dose were 
prescribed to most of the patients in our study.

Conclusions
Among patients with critical COVID-19, 12 mg vs. 6 mg 
of dexamethasone daily did not result in a statistically 
significant difference in the composite outcome of death 
or thromboembolism. However, uncertainty remains due 
to the limited number of patients.
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