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Abstract 

Background: A substantial proportion of critically ill COVID-19 patients develop thromboembolic complications, but 
it is unclear whether higher doses of thromboprophylaxis are associated with lower mortality rates. The purpose of 
the study was to evaluate the association between initial dosing strategy of thromboprophylaxis in critically ill COVID-
19 patients and the risk of death, thromboembolism, and bleeding.

Method: In this retrospective study, all critically ill COVID-19 patients admitted to two intensive care units in March 
and April 2020 were eligible. Patients were categorized into three groups according to initial daily dose of thrombo-
prophylaxis: low (2500–4500 IU tinzaparin or 2500–5000 IU dalteparin), medium (> 4500 IU but < 175 IU/kilogram, 
kg, of body weight tinzaparin or > 5000 IU but < 200 IU/kg of body weight dalteparin), and high dose (≥ 175 IU/kg 
of body weight tinzaparin or ≥ 200 IU/kg of body weight dalteparin). Thromboprophylaxis dosage was based on 
local standardized recommendations, not on degree of critical illness or risk of thrombosis. Cox proportional hazards 
regression was used to estimate hazard ratios with corresponding 95% confidence intervals of death within 28 days 
from ICU admission. Multivariable models were adjusted for sex, age, body mass index, Simplified Acute Physiology 
Score III, invasive respiratory support, and initial dosing strategy of thromboprophylaxis.

Results: A total of 152 patients were included: 67 received low-, 48 medium-, and 37 high-dose thromboprophylaxis. 
Baseline characteristics did not differ between groups. For patients who received high-dose prophylaxis, mortality was 
lower (13.5%) compared to those who received medium dose (25.0%) or low dose (38.8%), p = 0.02. The hazard ratio 
of death was 0.33 (95% confidence intervals 0.13–0.87) among those who received high dose, and 0.88 (95% confi-
dence intervals 0.43–1.83) among those who received medium dose, as compared to those who received low-dose 
thromboprophylaxis. There were fewer thromboembolic events in the high (2.7%) vs medium (18.8%) and low-dose 
thromboprophylaxis (17.9%) groups, p = 0.04.

Conclusions: Among critically ill COVID-19 patients with respiratory failure, high-dose thromboprophylaxis was asso-
ciated with a lower risk of death and a lower cumulative incidence of thromboembolic events compared with lower 
doses.

Trial registration: Clinicaltrials.gov NCT04412304 June 2, 2020, retrospectively registered.
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Background
�e inflammatory response to Coronavirus disease 19 

(COVID-19) seems to trigger thrombotic activation in 

the venous and the arterial circulation [1,2]. Autopsy 

findings suggest that this coagulopathy occurs in 
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micro- as well as macrovascular beds [3–5]. As many as 

17–69% of COVID-19 patients in intensive care units 

(ICUs) suffer from thrombotic events and 13–35% are 

diagnosed with pulmonary embolism (PE) [6–9]. �is 

is significantly more than in non-COVID-19 acute res-

piratory distress syndrome patients [8]. For COVID-19 

patients, laboratory findings indicate a hypercoagulable 

state in combination of low grade disseminated intra-

vascular coagulation and thrombotic angiopathy 

[10,11] which differ from what is typically seen in sepsis 

[12]. In previous studies, high levels of Fibrin-D-dimer 

and C-reactive protein (CRP) have been associated with 

poor outcome in COVID-19 [8,11–14]. In an observa-

tional study of hospitalized COVID-19 patients, anti-

coagulation was associated with improved outcome 

among mechanically ventilated COVID-19 patients 

[15], but the optimal choice of dose is yet to be deter-

mined. �e risk of bleeding with full-dose anticoagu-

lants has been described in a small retrospective study 

where 21% had hemorrhagic events despite anti-factor 

Xa activity within the therapeutic range for all patients 

except one [16].

At Södersjukhuset, Stockholm, Sweden, the first criti-

cally ill COVID-19 patients admitted to the ICUs were 

treated with low-dose thromboprophylaxis. Within a 

few weeks, after preliminary reports suggesting that a 

high proportion of COVID-19 patients suffered from 

thromboembolic events, it was decided to increase the 

dose of thromboprophylaxis.

�e objective of this study was to evaluate the asso-

ciation between dosing strategy of thromboprophylaxis 

in critically ill COVID-19 patients with respiratory 

failure and the risk of death, thromboembolism and 

bleeding.

Methods
Trial overview and patients

In this retrospective, observational cohort study, all 

critically ill COVID-19 patients (verified with polymer-

ase chain reaction-positive Severe Acute Respiratory 

Syndrome Corona Virus 2, SARS-CoV-2) with respira-

tory failure, admitted to two ICUs in March and April, 

2020, at Södersjukhuset, Stockholm, Sweden, were 

eligible for inclusion. �e study was approved by the 

regional ethical review board in Uppsala, Sweden, (Dnr: 

2020-01302, amendment 2020-02890), and informed 

consent was waived.

Patients were excluded if discharged the same day as 

ICU admission, if they had ongoing anticoagulant (AC) 

therapy prior to ICU due to deep venous thrombosis, 

DVT, and/or PE, or if they had no initial treatment with 

thromboprophylaxis in the ICU. Patients with chronic 

AC therapy at hospital admission, for other reasons 

than DVT and/or PE, were included in the study.

Data on patients’ demography, comorbidities (Inter-

national classifications of diseases, 10th revision), 

duration of symptoms, chronic AC therapy, inva-

sive respiratory support, and laboratory values were 

retrieved from patients’ medical records. Data were 

automatically and manually extracted by medical doc-

tors and all charts and events were validated by at least 

one additional medical doctor.

Dosing strategies of thromboprophylaxis

Patients were categorized into three groups according 

to initial treatment doses of subcutaneous low molecu-

lar weight heparin (LMWH) at admission to the ICU. 

Two different LMWHs, tinzaparin and dalteparin, 

were used. Tinzaparin and dalteparin are not consid-

ered fully interchangeable due to lack of studies estab-

lishing equipotent dosing [17]. Dosing strategies were 

therefore made by classifying the dose according to the 

recommended dose for the specific indications as recom-

mended by the trade association for the research-based 

pharmaceutical industry in Sweden in their reference 

catalogue FASS.se [18,19]. Daily doses of tinzaparin and 

dalteparin were defined as low-dose thromboprophylaxis 

(2500–4500 international units, IU, tinzaparin or 2500–

5000  IU dalteparin), medium-dose thromboprophylaxis 

(> 4500  IU but < 175  IU/kg of body weight tinzaparin 

or > 5000  IU but < 200  IU/kg of body weight dalteparin), 

and high-dose thromboprophylaxis (≥ 175  IU/kg of 

body weight tinzaparin or ≥ 200  IU/kg of body weight 

dalteparin). Patients who received an adjusted dose due 

to reduced kidney function were classified according to 

intended dose range. �e low dose is the standard throm-

boprophylaxis used in ICU patients. �e medium dose 

emerged during the pandemic period as the standard 

thromboprophylaxis dose given twice daily instead of 

once daily. High dose is the dosage used to treat patients 

with diagnosed thromboembolic disease [20].

�e choice of dosing strategy followed the local rec-

ommendations and were modified over time (Additional 

file 1): In March, low-dose thromboprophylaxis was rec-

ommended for all COVID-19 patients at both ICUs. In 

April, the recommendations were altered to medium-

dose and then to high-dose thromboprophylaxis, which 

was continued throughout the study period in one ICU. 

In the other ICU, full dose was only used for one week, 

and then recommendations were altered to medium-dose 

thromboprophylaxis again. All changes in doses were 

registered with new dose and date.
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Outcomes

�e primary outcome was 28-day mortality. Days alive 

and out of ICU at day 28, the cumulative proportion of 

thromboembolic and bleeding events within 28  days of 

ICU admission, and maximum levels of Fibrin-D-dimer 

were used as secondary outcome measures. �romboem-

bolic events were PE (verified by computed tomography 

or by clinical suspicion of PE as cause of deterioration 

combined with findings of acute strain of the right heart 

on echocardiography), DVT (verified by ultrasound), 

ischemic stroke (verified by computed tomography), and 

peripheral arterial embolism (clinical findings of acute 

peripheral ischemia). Bleeding events were categorized 

according to the World health organization (WHO) 

bleeding scale [21–23]: (1) petechiae, tissue hematoma, 

oropharyngeal bleeding, (2) mild blood loss, hematem-

esis, macroscopic hematuria, hemoptysis, joint bleeding, 

(3) gross blood loss requiring red blood cell transfusion 

and/or hemodynamic instability, (4) debilitating blood 

loss, severe hemodynamic instability, fatal bleeding, or 

central nervous system bleeding.

Baseline laboratory values were obtained from 6  h 

before to one hour after ICU admission.

Statistical analysis

Continuous values for baseline and follow-up data are 

presented in medians with interquartile range (IQR), 

while categorical or binary data are shown as numbers 

and proportions. Differences over categories of the expo-

sure were tested with Kruskal–Wallis for continuous 

data, and Fisher’s exact for categorical data. In the sur-

vival analyses, participants could accrue follow-up time 

from date of ICU-admission, to date of death, or when 

28 days had passed since admission, whichever occurred 

first. In analyses of thromboembolic and bleeding events, 

the date of that event also led to censoring of follow-up 

time. Kaplan–Meier curves were used to estimate the 

cumulative risk of death, thromboembolic event, and 

bleeding event, and the log-rank test was used to com-

pare the initial dosing strategies. Cox proportional haz-

ards regression was used to estimate hazard ratios (HR) 

with corresponding 95% confidence intervals (CI) of 

death within 28  days from ICU admission. Multivari-

able models were adjusted for sex, age, body mass index 

(BMI), Simplified Acute Physiology Score III (SAPS III), 

invasive respiratory support (yes/no), and initial dos-

ing strategy of thromboprophylaxis (low-, medium-, and 

high-dose thromboprophylaxis) [24,25]. To assess evi-

dence of nonlinearity, the second spline transformation 

equal to zero was tested as the quantitative covariates 

were modeled with restricted cubic splines at three knots 

at fixed percentiles (10th, 50th and 90th) of the distribu-

tion of that covariate [26]. As there was no such evidence 

for age (p = 0.26), or SAPS III (p = 0.71), those variables 

were adjusted for in a continuous fashion. Although no 

formal evidence, there was an indication of nonlinearity 

between levels of BMI and 28-day mortality (p = 0.08), 

why BMI was categorized as </≥ 30  kg/m2 with a sepa-

rate category for missing values (n = 6). BMI was flex-

ibly adjusted with restricted cubic splines while missing 

values were accounted for using chained iterations of 

multiple imputed data sets (n = 20) [27]. Although no 

formal evidence, there was an indication of violation of 

the assumption of proportional hazards when scaled Sch-

oenfeld residuals were regressed against survival time 

(p = 0.06 for high-dose thromboprophylaxis). �us, the 

time-varying effect was fitted by splitting the follow-up 

time at 7 days from ICU-admission, and fitting the time 

varying covariate as an interaction term with the main 

exposure. Statistical significance of interaction was tested 

using the Wald test. We have conducted sensitivity analy-

ses to investigate the effect of inclusion time, treatment 

with glucocorticoids and changes in doses of thrombo-

prophylaxis on the result. Two-sided p < 0.05 was con-

sidered statistically significant. Analysis was performed 

using STATA 13.1 (StataCorp), and R v 3.5.1 (R Core 

Team (2017). R: A language and environment for statisti-

cal computing. R Foundation for Statistical Computing, 

Vienna, Austria.).

Results
Out of 165 critically ill COVID-19 patients treated in 

the ICU due to respiratory failure, 152 remained after 

exclusion of those with short ICU length of stay (n = 5), 

ongoing AC therapy at ICU admission due to DVT and/

or PE (n = 4), or no initial thromboprophylaxis in the 

ICU (n = 4) (Additional file 2). �e reason for not giving 

thromboprophylaxis to four patients was urgent surgery 

for one patient, but for the other three no reason for not 

giving thromboprophylaxis could be found in the medical 

records. Patient characteristics are described in Table 1. 

Demographic and clinical characteristics did not differ 

between the three groups. All patients were followed up 

until death or until the 28th day after ICU-admission. 

�ere was no difference between the groups regard-

ing treatment with glucocorticoids: 37.3% in the low-

dose, 45.8% in medium-dose and 29.7% in the high-dose 

groups (p = 0.34).

Primary outcome

For patients who received high-dose prophylaxis, mor-

tality was lower (13.5%) compared to those who received 

medium dose (25.0%) or low dose (38.8%), p = 0.02, 

(Table  2). Compared to those who received low-dose 

thromboprophylaxis, the HR of death was 0.33 (95% 

CI 0.13–0.87) among those who received high dose, 
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and 0.88 (95% CI 0.43–1.83) among those who received 

medium dose (Table  3). �e cumulative proportion of 

deaths within the first 28 days from ICU admission dif-

fered between the three groups (p log-rank = 0.02). �e 

risk of death did not differ between groups of exposure 

until 7 days after admission, after which the proportion 

of deaths increased in the low-dose thromboprophylaxis 

group compared to the other groups (Fig.  1a). When 

follow-up time was split and the time-varying covariate 

was fitted as an interaction term with the exposure, the 

HR of high-dose thromboprophylaxis was 0.08 (95% CI 

0.01–0.62) day 7 to 28, compared with low-dose throm-

boprophylaxis the same time period, while no differ-

ences were observed during day 0 to 7 (Additional file 3). 

�e interaction term itself was not significant overall 

(p = 0.18). Among the first half of admissions (before 

April 11, 2020), 74.7% (n = 59) received low-dose and 

2.5% (n = 2) high-dose thromboprophylaxis. Correspond-

ing proportions in the second half of admissions was 

11.0% (n = 8), and 48% (n = 35) respectively. In analysis 

with additional adjustment for median admission date, 

the HR of death was 0.51 (95% CI 0.14–1.89) of high- vs 

low-dose thromboprophylaxis, respectively 0.63 (95% 

CI 0.24–1.64) comparing the second to the first half of 

admissions. When adjusting for treatment with systemic 

glucocorticoids the HR of death was 0.32 (95% CI 0.12–

0.85) among those who received high dose, and 0.83 (95% 

CI 0.39–1.73) among those who received medium dose, 

as compared to those who received low-dose thrombo-

prophylaxis (Additional file 4).

Secondary outcomes

�e median number of ICU free days alive during the 

first 28 days were 0 (IQR 0–22) with low-dose, 11 (IQR 

0–19) with medium-dose and 18 (IQR 0–26) with high-

dose thromboprophylaxis, (p = 0.07). �e proportion of 

thromboembolic events was 17.9% with low dose, 18.8% 

with medium dose and 2.7% with high dose, respectively, 

(p = 0.04). �e proportion of bleeding events was 11.9% 

with low dose, 14.6% with medium dose and 2.7% with 

high dose, respectively (p = 0.16). Cumulative propor-

tions of thromboembolic events, and bleeding events, 

are depicted in Fig.  1b, c, respectively. In the low-dose 

thromboprophylaxis group, four patients suffered from 

ischemic stroke, and two had minor intracranial hemor-

rhage. �ere were five major or severe bleeding events, 

three with low and two with medium-dose thrombo-

prophylaxis (Table 2).

Changes in dose

Dosing of thromboprophylaxis was registered and fol-

lowed over time as seen in Additional file  5. Only 

5/152 (3.3%) of the patients had a reduction of the dose 

compared to the initial dose. Of the 152 patients 69 

(45.4%) had one or more dose changes during the ICU 

stay and for 64 patients (42.1%) the changes included an 

increase. �ere were 9 (13.0%) patients who had dose 

adjustments including both increases and reductions. 

�e median treatment time before a change in dose was 

4 (2–7) days. Median duration of thromboprophylaxis 

was 8 (3–17) days. In the sensitivity analysis excluding 

patients with a decreased dose compared to initial dose 

of thromboprophylaxis, the HR was 0.34 (0.13–0.90) 

for patients who received high dose as compared with 

those who received low-dose thromboprophylaxis. 

When excluding all patients that had any change in dose 

of thromboprophylaxis the HR was 0.33 (0.11–1.00) for 

patients who received high dose as compared with those 

who received low-dose thromboprophylaxis (Additional 

file 4).

Laboratory results

While there were no differences in Fibrin-D-dimer, CRP, 

hemoglobin (Hb), platelet count, and creatinine values at 

baseline (Table  1), the maximum levels during the first 

28  days differed (Table  2). �e highest maximum level 

of Fibrin-D-Dimer was in the group receiving low-dose 

thromboprophylaxis (6.4 (2.0–14.6)), the second highest 

in the group with medium dose (2.8 (1.2–9.4)), and the 

lowest in the group with high-dose thromboprophylaxis 

(1.7 (0.7–3.3)), p = 0.002. �e pattern was similar for CRP 

(p = 0.01) and creatinine (p < 0.001). For Hb (p = 0.01) and 

platelet count (p = 0.003) the lowest values were found in 

the group which received low-dose thromboprophylaxis 

and the highest in the group with high dose. Values over 

time are presented in Fig. 2.

Discussion
To the best of our knowledge, this is the first study that 

has compared three different doses of anticoagulants to 

critically ill patients with Covid-19 in relation to 28-day 

mortality, thromboembolism, and bleeding events. �e 

main finding was that those who received high-dose 

thromboprophylaxis had a 67% decreased risk of death 

within the first 28 days compared to those who received 

low dose. Also, high-dose thromboprophylaxis was asso-

ciated with a lower incidence of thromboembolic events 

while no increased risk of bleeding was observed. �e 

28-day mortality was 38.8% with low, 25.0% with medium 

and 13.5% with high-dose thromboprophylaxis which 

could indicate a dose–response relationship.

�e dose of thromboprophylaxis was based on local 

standardized recommendations and not on degree of 

critical illness or risk of thrombosis. �is is illustrated by 

the fact that there were no differences in SAPS III score 

or Fibrin-D-dimer and CRP levels at baseline, and that 
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Table 1 Baseline characteristics by initial dosing strategy of thromboprophylaxis

Baseline characteristics of 152 patients admitted to the intensive care unit due to COVID-19 at Södersjukhuset, Stockholm, March 6 to April 30, 2020, by initial dosing 

strategy with tinzaparin/dalteparin as thromboprophylaxis

Values are medians (interquartile range) unless otherwise indicated. APTt, activated partial thromboplastin time; BMI, body mass index; CRP, C-reactive protein; ICU, 

intensive care unit; OD, once a day; INR, Prothrombin Time International Normalized Ratio; SAPS III, Simpli�ed Acute Physiology Score III

a  tinzaparin, 2500–4500 IU OD; or dalteparin, 2500–5000 IU OD

b  tinzaparin, > 4500 IU OD to < 175 IU/kg of body weight OD; or dalteparin, > 5000 IU OD to < 200 IU/kg of body weight OD

c  tinzaparin, ≥ 175 IU/kg of body weight OD; or dalteparin, ≥ 200 IU/kg of body weight OD

d  p-values for di�erences across exposure categories were obtained using Fisher´s exact test for categorical and Kruskal–Wallis test for continuous data

Total (n = 152) Initial dosing strategy of thromboprophylaxis p-valued

Low  dosea (n = 67) Medium  doseb (n = 48) High  dosec (n = 37)

Age, years 61 (52–69) 63 (52–71) 58 (51–66) 63 (54–70) 0.39

Male sex, No. (%) 125 (82.2) 59 (88.1) 35 (72.9) 31 (83.8) 0.12

BMI, kg/m2 28.4 (25.8–32.5) 27.7 (25.5–30.6) 29.4 (26.5–34.3) 28.4 (25.1–32.8) 0.10

 BMI ≥ 30 kg/m2, No. (%) 58 (39.7) 20 (31.8) 23 (48.9) 15 (41.7) 0.18

Tobacco use

 Never, No. (%) 79 (52.0) 32 (47.8) 28 (58.3) 19 (51.4) 0.53

 Former smoker, No. (%) 49 (32.2) 24 (35.8) 12 (25.0) 13 (35.1) 0.40

 Current smoker, No. (%) 7 (4.6) 3 (4.5) 3 (6.3) 1 (2.7) 0.79

Comorbidities

 Hypertension, No. (%) 69 (45.4) 32 (47.8) 20 (41.7) 17 (46.0) 0.83

 Diabetes without complications, No. (%) 19 (12.5) 8 (11.9) 6 (12.5) 5 (13.5) 0.99

 Diabetes with complications, No. (%) 6 (4.0) 4 (6.0) 0 (0.0) 2 (5.4) 0.24

 Obstructive pulmonary disease, No. (%) 30 (19.7) 12 (17.9) 11 (22.9) 7 (18.9) 0.81

 Ischemic heart disease, No. (%) 12 (7.9) 6 (9.0) 2 (4.2) 4 (10.8) 0.51

 Renal failure, No. (%) 9 (5.9) 6 (9.0) 3 (6.3) 0 (0.0) 0.17

 Liver disease, No. (%) 3 (2.0) 1 (1.5) 1 (2.1) 1 (2.7) 0.99

 Immunosuppression, No. (%) 8 (5.3) 5 (7.5) 1 (2.1) 2 (5.4) 0.53

 Malignancy, No. (%) 9 (5.9) 6 (9.0) 1 (2.1) 2 (5.4) 0.34

 Psychiatric disorder, No. (%) 26 (17.1) 11 (16.4) 9 (18.8) 6 (16.2) 0.96

Chronic medication

 Vitamin K antagonist, No. (%) 1 (0.7) 0 (0.0) 0 (0.0) 1 (2.7) 0.24

 Direct oral anticoagulation, No. (%) 8 (5.3) 3 (4.5) 1 (2.1) 4 (10.8) 0.24

 Antiplatelet therapy, No. (%) 15 (9.9) 9 (13.4) 3 (6.3) 3 (8.1) 0.47

Duration of symptoms prior to admission

 Hospital admission, days 9 (7–12) 9 (6–13) 8 (6–12) 10 (7–14) 0.18

 ICU admission, days 12 (8–14) 12 (8–14) 10 (8–14) 13 (10–14) 0.13

SAPS III-score 56 (50–60) 57 (53–64) 54 (49–59) 55 (53–60) 0.25

 < 50, No. (%) 34 (22.4) 15 (22.4) 13 (27.1) 6 (16.2) 0.53

 50–59, No. (%) 75 (44.7) 31 (46.3) 25 (52.1) 19 (51.4) 0.76

 ≥ 60, No. (%) 43 (28.3) 21 (31.3) 10 (20.8) 12 (32.4) 0.41

Invasive Respiratory support, No. (%) 104 (68.4) 50 (74.6) 34 (70.8) 20 (54.1) 0.09

Coagulation, Inflammatory and creatinine tests at baseline

 Fibrin-D-dimer, mg/L FEU 1.5 (0.90–3.9) 1.8 (1.1–8.4) 1.1 (0.7–2.4) 1.3 (0.7–2.9) 0.12

 CRP, mg/L 195 (134–270) 198 (134–268) 203 (151–255) 183 (130–287) 0.81

 Hemoglobin, g/L 129 (118–136) 127 (118–137) 130 (119–137) 127 (113–135) 0.39

 Creatinine, µmol/L 70 (57–88) 74 (61–92) 69 (48–87) 62 (50–74) 0.12

 Platelet count,  109/L 264 (195–339) 255 (183–332) 261 (219–318) 302 (225–391) 0.16

 INR 1.1 (1.0–1.1) 1.1 (1.0–1.1) 1.1 (1.0–1.1) 1.0 (1.0–1.2] 0.89

 APTt, s 26 (24–29) 25 (24–29) 26 (23–27) 27 (25–30) 0.32

 Fibrinogen, g/L 6.7 (5.5–8.0) 6.7 (5.6–7.7) 7.2 (6.4–8.3) 6.7 (5.4–7.7) 0.47
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patient characteristics were similar between groups. As 

the local recommendations regarding thromboprophy-

laxis changed over time 45.4% of patients had a change 

in dose with the majority being increases and only 3.3% 

having a reduction from initial dose at some point dur-

ing the ICU-stay. �e results were tested in two sensitiv-

ity analyses regarding change in dose: when excluding 

patients with a decreased dose compared to initial dose 

and excluding all patients that had any change in dose. 

Both analyses showed that there was still a significantly 

lower risk of death with high compared to low-dose 

thromboprophylaxis.

Our results are in congruence with another study 

where lower mortality was seen when mechanically 

ventilated COVID-19 patients were treated with higher 

doses of anticoagulation  [15].

In a retrospective study by Trinh et al., still in pre-print, 

outcomes for 244 COVID-19 patients on invasive respir-

atory support were investigated with respect to dose of 

thromboprophylaxis. �is study reports a 79% decreased 

mortality in therapeutic vs prophylactic anticoagulation, 

but with a nonsignificantly increased risk of bleeding in 

the therapeutic group. Another recent study reports 21% 

incidence of bleeding among 92 critically ill COVID-19 

Table 2 Outcomes by initial dosing strategy of thromboprophylaxis

Primary and secondary outcomes during the �rst 28 days among 152 patients admitted to the intensive care unit due to COVID-19 at Södersjukhuset, Stockholm, 

March 6 to April 30, 2020, by initial dosing strategy with tinzaparin/dalteparin as thromboprophylaxis

Values are medians (interquartile range) unless otherwise indicated. p-values for di�erences across exposure categories were obtained using Fisher´s exact test for 

categorical, and Kruskal Wallis for continuous, data. CRP, C-reactive protein; ICU, intensive care unit; OD, once a day; IQR, interquartile range; WHO, World Health 

Organization

a Tinzaparin, 2500–4500 IU OD; or dalteparin, 2500–5000 IU OD

b Tinzaparin, > 4500 IU OD to < 175 IU/kg of body weight OD; or dalteparin, > 5000 IU OD to < 200 IU/kg of body weight OD

c Tinzaparin, ≥ 175 IU/kg of body weight OD; or dalteparin, ≥ 200 IU/kg of body weight OD

d p values for di�erences across exposure categories were obtained using Fisher’s exact test for categorical and Kruskal–Wallis test for continuous data

Total (n = 152) Initial dosing strategy of thromboprophylaxis p-valued

Low  dosea (n = 67) Medium  doseb (n = 48) High dose c (n = 37)

Primary outcome

 28-day mortality, No. (%) 43 (28.3) 26 (38.8) 12 (25.0) 5 (13.5) 0.02

Secondary outcomes

 ICU-free days alive during 28 days from 
ICU-admission, days

9 (0–21) 0 (0–20) 11 (0–19) 18 (0–26) 0.07

 Thromboembolic events < 28 days, No. (%) 22 (14.5) 12 (17.9) 9 (18.8) 1 (2.7) 0.04

  Pulmonary embolism, No. (%) 17 (11.2) 10 (14.9) 6 (12.5) 1 (2.7) 0.15

  Deep vein thrombosis, No. (%) 4 (2.6) 1 (1.5) 3 (6.3) 0 (0.0) 0.21

  Ischemic stroke, No. (%) 4 (2.7) 4 (6.0) 0 (0.0) 0 (0.0) 0.16

  Other thrombotic event, No. (%) 3 (2.0) 2 (3.0) 1 (2.1) 0 (0.0) 0.79

  Time to event, days 8 (6–17) 8 (6–20) 8 (6–10) 11 (11–11) 0.61

 Bleeding events < 28 days, No. (%) 16 (10.5) 8 (11.9) 7 (14.6) 1 (2.7) 0.16

  Cerebral parenchymal bleeding, No. (%) 2 (1.3) 2 (3.0) 0 (0.0) 0 (0.0) 0.50

  WHO bleeding assessment score

   Grade I—minor, No. (%) 8 (5.3) 3 (4.5) 4 (8.3) 1 (2.7) 0.58

   Grade II—moderate, No. (%) 3 (2.0) 2 (3.0) 1 (2.1) 0 (0.0) 0.79

   Grade III—major, No. (%) 2 (1.3) 1 (1.5) 1 (2.1) 0 (0.0) 0.99

   Grade IV—severe, No. (%) 3 (2.0) 2 (3.0) 1 (2.1) 0 (0.0) 0.79

  Time to bleeding event, days 13 (8–18) 16 (6–20) 11 (10–20) 1 (1–1) 0.36

Lab characteristics

 Fibrin-D-dimer, mg/L FEU, highest 3.2 (1.2–9.9) 6.4 (2.0–14.6) 2.8 (1.2–9.4) 1.7 (0.7–3.3) 0.002

 CRP, mg/L, highest 282 (183–381) 335 (200–423) 290 (201–385) 229 (162–319) 0.01

 Hemoglobin, g/L, lowest 98 (85–113) 94 (80–104) 102 (94–116) 107 (95–118) 0.01

 Creatinine, µmol/L, highest 82 (64–158) 100 (78–236) 78 (55–139) 66 (49–74)  < 0.001

 Platelet count,  109/L, lowest 239 (180–322) 203 (164–282) 257 (197–290) 314 (218–370) 0.003

 INR, highest 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.0 (1.0–1.1) 0.18



Page 7 of 10Jonmarker et al. Crit Care          (2020) 24:653  

patients, of which 43 had prophylactic dose and 49 had 

full-dose anticoagulation [16].

�is is contrary to our findings of lower proportions of 

bleeding events in the high-dose group. �is difference 

between the groups was not statistically significant, but 

still raises questions about possible pathophysiological 

mechanisms. �e unusually severe hypercoagulable state 

in COVID-19 has been suggested to be caused by bidi-

rectional cross-talk between inflammation and throm-

bosis; direct viral endothelial activation in the lungs, 

release of inflammatory cytokines that activate expres-

sion of tissue factor with platetet activation and thrombin 

generation [28]. Perhaps the treatment with high-dose 

LMWH can reduce both inflammation and coagulation. 

If the coagulation is less triggered, there will be less fibrin 

deposits that activate the fibrinolysis, leading to less 

bleeding.

Subclinical bleeding could potentially impact the safety 

of high-dose thromboprophylaxis. Hemoglobin values 

are known to drop during intensive care. As many as 97% 

of patients are anemic after a week in  ICU care [29,30]. 

Decreased erythropoiesis, frequent blood sampling and 

bleeding are known reasons why anemia is common 

among ICU patients [31]. Interestingly, no signs were 

found of more severe anemia in patients with higher 

doses of anticoagulation, perhaps because COVID-19 

patients are hypercoagulable and might not bleed easily 

despite high-dose thromboprophylaxis.

Table 3 Risk of death by initial dosing strategy of thromboprophylaxis

Risk of death during the �rst 28 days among 152 patients admitted to the intensive care unit due to COVID-19 at Södersjukhuset, Stockholm, March 6 to April 30, 

2020, by initial dosing strategy with tinzaparin/dalteparin as thromboprophylaxis

CI, con�dence interval; IR, Incidence Rate; HR, Hazard Ratio

a Adjusted for sex, age (continuously), body mass index (</≥ 30 kg/m2 and missing [n = 6]), invasive mechanical ventilation (yes/no), and Simpli�ed Acute Physiology 

Score III (continuously)

b Adjusted like the multivariable model but with body mass index imputed due to missing values (n = 6), and �exibly modeled with restricted cubic splines at three 

knots over the percentile  (10th,  50th, and  90th) distribution of body mass index in the population

c Tinzaparin, ≥ 175 IU/kg of body weight per daily, or dalteparin, ≥ 200 IU/kg of body weight daily

d 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

e Tinzaparin, 2500–4500 IU daily, or dalteparin, 2500–5000 IU daily

Initial dosing strategy 
of thromboprophylaxis

No. 
of patients

Events/person-days IR per 1.000 
person-days 
(95% CI)

HR (95% CI) of death ≤ 28 days

Univariable model Multivariable  modela Multivariable 
imputed 
 modelb

High  dosec 37 5/923 5.4 (2.3–13.0) 0.31 (0.12–0.82) 0.33 (0.13–0.87) 0.30 (0.11–0.81)

Medium  dosed 48 12/1182 10.2 (5.8–17.9) 0.59 (0.30–1.16) 0.88 (0.43–1.83) 0.87 (0.42–1.82)

Low  dosee 67 26/1453 17.9 (12.2–26.3) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Fig. 1 Kaplan–Meier plots of outcomes by initial dosing strategy of thromboprophylaxis. Kaplan–Meier plot of a 28-day survival, b 
thromboembolic events, and c bleeding events, among 152 patients admitted to the ICU due to COVID-19 between March 6 and April 30, 2020. 
By thromboprophylactic anticoagulant strategy with tinzaparin/dalteparin: The red line represent low-dose thromboprophylaxis (2500–4500 IU 
of tinzaparin daily, or 2500–5000 IU of dalteparin daily), the blue line represent medium-dose thromboprophylaxis (> 4500 IU to < 175 IU/
kg of body weight of tinzaparin daily, or > 5000 IU to < 200 IU/kg of body weight of dalteparin daily), and the black line represent high-dose 
thromboprophylaxis (≥ 175 IU/kg of body weight of tinzaparin daily, or ≥ 200 IU/kg of body weight of dalteparin daily). Thromboembolic events in 
b are defined as pulmonary embolism, deep vein thrombosis, ischemic stroke, or peripheral arterial embolism. Hemorrhagic events in c are defined 
as grade 1–4 in the WHO bleeding scale
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A large multi-center trial showed a reduced 28-day 

mortality when treating patients on mechanical ventila-

tion and supplementary oxygen with dexamethasone 

[32]. In our cohort 58 (38.2%) patients had at least one 

dose of systemic corticosteroids. At the time of our study 

corticosteroids were not yet recommended for treating 

the inflammation caused by COVID-19. Instead, corti-

costeroids were given to patients for other reasons, e.g. 

to reduce risk of adrenal crisis in patients on chronic 

therapy [33] and to counteract vasoplegia in patients 

with septic shock [34]. �e proportion of patients with 

systemic corticosteroids did not differ between groups 

with low, medium, or high-dose thromboprophylaxis 

(p = 0.34) and adjusting for corticosteroids did not alter 

the result.

Strengths and limitations

�e present study lacks the rigor of a prospective rand-

omized design. �e study groups thus reflect the pro-

gression from low to high-dose thromboprophylaxis 

based on modifications of local clinical guidelines over 

time. As the study is observational, other factors might 

have affected outcome. During the study period, the 

ventilation strategy was changed from a classical acute 

respiratory distress syndrome strategy with low tidal 

volumes, fluid restriction, and heavy sedation to a more 

liberal strategy allowing higher tidal volumes, more 

Fig. 2 Laboratory markers by initial dosing strategy of thromboprophylaxis. Laboratory markers Fibrin-D-Dimer, C-reactive protein (CRP), 
hemoglobin concentration, and creatinine as a function of day from admission are shown as median, interquartile range and range. Columns are 
low-dose thromboprophylaxis (2500–4500 IU of tinzaparin daily, or 2500–5000 IU of dalteparin daily), medium-dose thromboprophylaxis (> 4500 IU 
to < 175 IU/kg of body weight of tinzaparin daily, or > 5000 IU to < 200 IU/kg of body weight of dalteparin daily), and high-dose thromboprophylaxis 
(≥ 175 IU/kg of body weight of tinzaparin daily, or ≥ 200 IU/kg of body weight of dalteparin daily)
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fluids and less sedation. However, in analysis with addi-

tional adjustment for median admission date, the risk of 

death was still 49% lower (although not statistically sig-

nificant) among those who received high dose compared 

with low-dose prophylaxis. Furthermore, patients were 

grouped according to initial dose of thromboprophylaxis 

at admission to the ICU, and outcomes in relation to total 

dose thromboprophylaxis received have not been ana-

lyzed. However, the results were robust when excluding 

patients who had a decrease in dose compared to initial 

dose and when excluding patients who had any change 

in dose. �ere was also a lower proportion of patients on 

invasive ventilation in the group with high dose, though 

not statistically significant, and this was adjusted for in 

the statistical analysis.

Due to the heavy work load during the pandemic, risk 

of complications during intrahospital transportation of 

critically ill patients due to respiratory instability, and the 

risk of viral contamination of radiology suites, it was early 

on not always possible to perform computed tomogra-

phy-scans to diagnose PE or Pulmonary �romboses, PT. 

As the number of PE/PT might be underestimated, deci-

sion was made to use mortality as primary outcome.

�e results regarding risk of bleeding should be inter-

preted with caution as the sample size is too small to 

estimate rare complications. �us, if high-dose thrombo-

prophylaxis is used, it is important to continue to moni-

tor the patients closely for potential bleeding.

Conclusions
Among critically ill COVID-19 patients with respira-

tory failure, high-dose thromboprophylaxis was associ-

ated with a lower risk of death and a lower cumulative 

incidence of thromboembolic events compared with 

lower doses. �is study suggests that high-dose throm-

boprophylaxis should be tested in a randomized trial in 

critically ill COVID-19 patients.
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