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Abstract
Introduction: COVID-19 is characterized by a procoagulant state that increases the risk of venous and arterial throm-
bosis. The dose of anticoagulants in patients with severe COVID-19 pneumonia without suspected or confirmed 
thrombosis has been debated. Aim of the study: We evaluated the prevalence, predictors, and outcomes of venous 
thromboembolism (VTE) in critically ill COVID-19 patients and assessed the association between the dose of anti-
coagulants and outcomes. Materials and methods: This retrospective cohort included patients with COVID-19 who 
were admitted to the ICU between March and July 2020. Patients with clinically suspected and confirmed VTE were 
compared to those not diagnosed to have VTE. Results: The study enrolled 310 consecutive patients with severe 
COVID-19 pneumonia: age 60.0±15.1 years, 67.1% required mechanical ventilation and 44.7% vasopressors. Most 
(97.1%) patients received anticoagulants during ICU stay: prophylactic unfractionated heparin (N=106), standard-
dose enoxaparin (N=104) and intermediate-dose enoxaparin (N=57). Limb Doppler ultrasound was performed for 
49 (15.8%) patients and chest computed tomographic angiography for 62 (20%). VTE was diagnosed in 41 (13.2%) 
patients; 20 patients had deep vein thrombosis and 23 had acute pulmonary embolism. Patients with VTE had signifi-
cantly higher D-dimer on ICU admission. On multivariable Cox regression analysis, intermediate-dose enoxaparin ver-
sus standard-dose unfractionated heparin or enoxaparin was associated with lower VTE risk (hazard ratio, 0.06; 95% 
confidence interval, 0.01-0.74) and lower risk of the composite outcome of VTE or hospital mortality (hazard ratio, 
0.42; 95% confidence interval, 0.23-0.78; p=0.006). Major bleeding was not different between the intermediate- and 
prophylactic-dose heparin groups. Conclusions: In our study, clinically suspected and confirmed VTE was diagnosed 
in 13.2% of critically ill patients with COVID-19. Intermediate-dose enoxaparin versus standard-dose unfractionated 
heparin or enoxaparin was associated with decreased risk of VTE or hospital mortality.

Keywords: COVID-19, anticoagulation, heparin, thromboprophylaxis

Received: 17 Mach 2022 / Accepted: 6 September 2022

*	 Correspondence to: Hasan M. Al-Dorzi, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia. E-mail: aldorzih@yahoo.com

��Introduction
Severe Coronavirus Disease 2019 (COVID-19) is char-
acterized by hyperinflammation accompanied by a 
procoagulant state [1-3]. In addition to this state, criti-
cally ill patients with COVID-19 frequently have other 
factors, such as antecedent comorbidities, immobility, 
sedation, central venous lines and mechanical ventila-
tion, that increase the risk of venous thromboembolism 
(VTE) and other thrombotic events. The studies that 
evaluated the epidemiology of VTE in COVID-19 pa-

tients have showed variable results, likely due to differ-
ences in methodology and case mix [4-9]. A systematic 
review and meta-analysis in which 15 standard sources 
and COVID-19-specific sources were searched be-
tween January 1, 2020, and July 31, 2020 found that the 
pooled incidence was 17.0% (95% confidence interval 
[CI], 13.4-20.9%) for VTE, 12.1% (95% CI, 8.4-16.4%) 
for deep vein thrombosis (DVT) and 7.1% (95%  CI, 
5.3-9.1%) for pulmonary embolism (PE) [10]. The VTE 
incidence was higher among patients in the intensive 
care unit (ICU) (27.9% versus 7.1% in the ward) [10].  
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Whether COVID-19 has higher VTE rates than other 
severe infections is nevertheless unclear. In critically ill 
patients with sepsis, VTE incidence was as high as 37% 
in one prospective study where 80.5% of patients re-
ceived pharmacologic prophylaxis and 19.5% sequen-
tial compression devices because of a contraindication 
for anticoagulants [11]. Predictors of thrombosis in 
COVID-19 patients include age, prolonged prothrom-
bin time and partial thromboplastin time (PTT), high-
er D-dimer, and central venous lines [5, 7, 9]. 

Anticoagulation at different intensities (standard 
prophylactic, intermediate or therapeutic doses) have 
been advocated for patients with COVID-19. Higher 
intensity anticoagulation was suggested in patients 
with increased D-dimers and worsening hepatic, renal 
or respiratory function [6, 12-14] This suggestion was 
based on the high prevalence of hypercoagulability and 
high rates of VTE in patients with COVID-19 with early 
observational studies showing benefits associated with 
the use of anticoagulants [15]. A retrospective study 
from China found lower 28‐day mortality with hepa-
rin use (mostly prophylactic enoxaparin) than non-use 
in patients with sepsis-induced coagulopathy score ≥ 
4 (40.0% versus 64.2%,  p=0.03), and when D‐dimer 
was > 6 fold the upper limit of normal (32.8% versus 
52.4%,  p=0.017) [15]. Another study found lower 30-
day mortality among the 3627 patients who received 
prophylactic anticoagulation (14.3%; 95% CI, 13.1-
15.5%) compared with the 697 patients who did not 
(18.7%; 95% CI, 15.1-22.9%) [16]. Higher enoxaparin 
doses (0.62±0.16 mg/kg) has been associated with a 
better thromboprophylactic action (hazard ratio, 0.2; 
p=0.04) compared with lower doses [17]. In another 
retrospective study, a multivariable regression analysis 
showed that intermediate- compared to prophylactic-
dose anticoagulation was associated with a significantly 
lower cumulative incidence of in-hospital death (haz-
ard ratio, 0.518; 95% CI, 0.308-0.872) among propensity 
score-matched patients (N=382) [18]. However, a large 
multicenter observational cohort study of 2809 critically 
ill patients with COVID-19 in the US found no benefit 
of anticoagulation at therapeutic doses initiated within 
2 days of ICU admission compared with standard-dose 
thromboprophylaxis [19]. Multiple randomized tri-
als have addressed different anticoagulants at different 
doses in COVID-19. So far, the published ones have not 
demonstrated significant benefits from anticoagulation 
at intermediate or therapeutic doses compared with 
standard doses in critical COVID-19 [20-22].

The objectives of this study were to determine the 
prevalence of clinically suspected and confirmed VTE 
in critically ill patients with COVID-19, describe the 
thromboprophylaxis and anticoagulation practices and 
outcomes, and identify predictors of symptomatic VTE 
and mortality. 

��Materials and Methods

Design, patients and setting

This was a retrospective cohort study of adult (age ≥ 18 
years) patients with critical COVID-19 who were ad-
mitted to the noncardiac ICUs of King Abdulaziz Med-
ical City in Riyadh between March 1 and July 31, 2020 
(consecutive nonprobability sample). The study period 
covered the first wave of COVID-19 in Riyadh, Saudi 
Arabia.  A confirmed COVID-19 case was defined as 
a clinical presentation consistent with COVID-19 and 
detection of SARS-CoV-2 RNA in a respiratory speci-
men using a molecular amplification detection test 
such as rt-PCR [23]. Exclusion criteria included stay in 
the ICU < 24 hours. Critical COVID-19 was defined 
as having acute respiratory failure, septic shock and/or 
multiple organ dysfunction [24].

In this study, the decision to use thromboprophy-
laxis (standard-dose unfractionated heparin (UFH) 
or enoxaparin or intermediate-dose enoxaparin) or 
therapeutic anticoagulation was at the discretion of the 
treating team. In our ICUs, enoxaparin was preferred 
over UFH for thromboprophylaxis unless patients had 
severe renal insufficiency (creatinine clearance < 30 ml/
min) [25]. Intermediate-dose enoxaparin was defined 
as 40 mg subcutaneously twice daily [26]. Weight-based 
higher doses may be given for patients with morbid 
obesity [26]. Therapeutic anticoagulation was defined 
as providing subcutaneous enoxaparin at 1 mg per kg 
twice daily or protocolized intravenous heparin infu-
sion targeting activated PTT of 45-60 seconds if the pa-
tient had increased risk for bleeding and 60-85 seconds 
otherwise. During the study period, routine surveillance 
for DVT using Doppler ultrasound was not performed.

Data

We collected data on patients’ demographics, premor-
bid conditions, severity of illness on ICU admission, 
admission laboratory findings, ICU interventions, in-
cluding vasopressor therapy and invasive mechanical 
ventilation, and anticoagulant use and dose.
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The primary outcome was the occurrence of clinical-
ly suspected and confirmed VTE, defined as lower limb 
DVT, PE, or both, which were suspected by the treating 
team and diagnosed by Doppler ultrasound (for DVT) 
or CT pulmonary angiography (for PE) [27]. The sec-
ondary outcomes were the composite of clinically sus-
pected and confirmed VTE or hospital mortality, the 
occurrence of arterial thrombosis (stroke, bowel is-
chemia, limb ischemia) and major bleeding (defined as 
clinically overt bleeding accompanied by a decrease in 
hemoglobin level by ≥ 20 g/L or transfusion ≥ 2 units 
of packed red cells, or resulting in shock requiring va-
sopressors), hospital mortality, ICU mortality, dura-
tion of mechanical ventilation, need for tracheostomy, 
length of stay in the ICU and hospital. We did not as-
sess incidents of myocardial infarction in this study.

Statistical analysis

In this study, patients were categorized into two groups: 
patients who had clinically suspected and confirmed 
VTE and those who were not diagnosed to have VTE. 
The descriptive statistics was presented as frequency 
and percentage for the categorical variables and the 
mean with standard deviation or the median with the 
first and third quartiles for numerical variables. We 
compared the baseline and outcome variables between 
the two groups using the Fisher’s exact test or Chi-
square test for categorical variables and Student’s t test 
or Mann-Whitney U test for continuous variables as 
appropriate.

As D-dimer was suggested to be a predictor of VTE 
in COVID-19, we performed receiver operating char-
acteristic (ROC) curve analysis and calculated the 
Youden index [28] to determine the best cut-off of ad-
mission D-dimer that discriminated between patients 
with confirmed VTE from those who did not have 
VTE. The same analysis was also performed for the 
admission D-dimer/fibrinogen ratio, which has been 
suggested to have better diagnostic characteristics than 
D-dimer in VTE [29].

We hypothesized that higher intensity anticoagula-
tion (intermediate-dose enoxaparin versus prophylac-
tic-dose UFH or enoxaparin) was associated with lower 
risk of VTE and death. Hence, Cox regression analysis 
was performed to assess the risk factors for clinically 
suspected and confirmed VTE. In the model, the fol-
lowing variables were entered: age, admission Sequen-
tial Organ Failure Assessment (SOFA) score, interme-
diate-dose enoxaparin versus standard-dose UFH or 

enoxaparin and variables with p-value between groups 
< 0.2 (history of asthma, central line location, admis-
sion D-dimer and fibrinogen, vasopressor therapy, 
and invasive mechanical ventilation). Cox regression 
analysis was also performed to determine the predic-
tors of the composite outcome of clinically suspected 
and confirmed VTE or hospital mortality. The variables 
entered in the model were those with p-value < 0.2 be-
tween patients who had the composite outcomes and 
those who did not (age, admission SOFA score, admis-
sion Glasgow Coma Scale, hypertension, diabetes, con-
gestive heart failure, chronic obstructive pulmonary 
disease, chronic kidney disease, previous VTE, central 
venous catheter location, hemoglobin, platelet count, 
serum creatinine, lactate, D-dimer, PTT, international 
normalized ratio, vasopressor therapy, mechanical ven-
tilation, and the heparin dose category [standard dose, 
intermediate dose, and therapeutic dose]). The results 
were presented as hazard ratio with 95% CI. A test was 
considered significant if the p-value was < 0.05. The 
Statistical Product and Service Solution (SPSS) software 
version 15 was used for all analyses [30].

��Results

Characteristics of patients

During the study period, 310 consecutive patients 
with COVID-19 were eligible and were included. Their 
characteristics are described in Table 1. The mean age 
was 60.1±15.1 years with 75.1% being males and 67.1% 
requiring intubation and mechanical ventilation.

Use of anticoagulants

Most (97.1%) patients received anticoagulants during 
ICU stay. The different regimens are described in Ta-
ble 2. Enoxaparin was more commonly used than UFH 
(59.7% versus 37.1%) and standard-dose anticoagu-
lants (median daily dose= 40 mg, corresponding to 0.5 
mg/kg) more than intermediate (median daily dose= 
80 mg/day, corresponding to 1 mg/kg) and therapeutic 
doses. Therapeutic anticoagulation was used in 33 pa-
tients (8 as continuation of prior anticoagulation and 
25 as empirical therapy for suspected VTE).

Thrombotic events

There were 41 VTE cases (13.2%; 95% CI, 9.7-17.5%) 
and 19 arterial thrombotic events (6.1%; 95% CI, 3.7-
9.4%). VTE cases were diagnosed on a median of 17 
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days (Q1, Q3: 5, 25) after hospital admission. DVT 
was diagnosed in 20 patients out of 52 (38.5%) who 
had Doppler ultrasound of limbs (14 lower limb and 
6 upper limb). PE was diagnosed in 23 patients out of 
61 (37.7%) who had CT Chest angiography. The loca-

tion was the main artery in four patients, lobar in one, 
segmental in 11 and subsegmental in 7. The 19 arterial 
thrombotic events consisted of 15 cases of acute stroke 
and 4 cases of acute limb ischemia. VTE was diagnosed 
in 6/19 (31.6%) patients with arterial thrombosis.

Table 1. Characteristics of patients
All patients N=310 VTE N=41 No VTE N=269 P value

Age (years), mean±SD 60.1±15.1 58.8±15.7 60.3±15.1 0.56
Male gender, N (%) 233 (75.2) 30 (73.2) 203 (75.5) 0.75
Body mass index* (kg/m2), median (Q1, Q3)
   No obesity < 30 kg/m2, N (%)
   Obesity 30-39.9 kg/m2, N (%)
   Obesity ≥ 40 kg/m2, N (%)

28.9 (25.0, 34.1)
169 (55.6)
110 (36.2)

25 (8.2)

27.1 (24.4, 33.3)
25 (62.5)
10 (25.0)
5 (12.5)

29.1 (25.1, 34.2)
144 (54.5)
100 (37.9)

20 (7.6)

0.32

0.22

Comorbid conditions, N (%)
Hypertension 173 (56.0) 22 (53.7) 151 (56.3) 0.75
Diabetes 173 (56.0) 22 (53.7) 151 (56.3) 0.75
Congestive heart failure 22 (7.1) 1 (2.4) 21 (7.8) 0.21
COPD 10 (3.2) 0 (0) 10 (3.7) 0.21
Bronchial asthma 18 (5.8) 6 (14.6) 12 (4.5) 0.02
Chronic kidney disease
   Hemodialysis

36 (11.7)
11 (3.6)

3 (7.3)
11 (3.6)

33 (12.3)
9 (3.4)

0.35
0.63

Previous VTE, N (%) 11 (3.5) 1 (2.4) 10 (3.7) 1.0
History of thrombophilia 9 (2.9) 1 (2.4) 8 (3.0) 1.0
Prior anticoagulation 20 (6.5) 2 (4.9) 18 (6.7) 1.0
GCS on admission, mean±SD 12.3±4.5 11.5±4.9 12.5±4.4 0.21
SOFA on admission, mean±SD 6.1±3.9 6.5±3.9 6.0±3.9 0.52
SOFA at day 7, mean±SD 6.8±4.3 7.2±3.6 6.7±4.4 0.45
Pertinent laboratory findings on admission
Creatinine (µmol/L), median (Q1, Q3) 93.0 (73.0, 144.5) 103.0 (71.5, 139.5) 93.0 (73.0, 146.8) 0.97
WBC x 109/L, median (Q1, Q3)
   Neutrophils
   Lymphocytes

9.82 (6.65, 13.80)
7.94 (4.95, 11.55)
0.93 (0.63, 1.41)

10.80 (7.37, 16.10)
7.82 (5.45, 11.70)
0.89 (0.62, 1.32)

9.81 (6.51, 13.75)
7.95 (4.88, 11.54)
0.94 (0.64, 1.42)

0.22
0.51
0.54

Admission hemoglobin (g/L), mean±SD 129±24 132±25 128±24 0.37
Admission platelets x 109/L, mean±SD 279±120 291±137 278±117 0.51
PTT in seconds, median (Q1, Q3) 29.1 (26.5, 32.6) 28.5 (26.0, 32.8) 29.3 (26.5, 32.6) 0.61
INR, median (Q1, Q3) 1.10 (1.04, 1.18) 1.12 (1.06, 1.30) 1.10 (1.03, 1.18) 0.12
Lactate (mmol/L), mean±SD 2.6±2.4 3.1±3.2 2.5±2.3 0.31
 Lactate dehydrogenase (U/L), median (Q1, Q3) 553.0 (430.0, 749.0) 615.0 (412.0, 837.0) 544.5 (437.5, 731.5) 0.23
Fibrinogen (g/L), median (Q1, Q3) 5.22 (3.81, 6.92) 4.05 (2.62, 6.07) 5.49 (3.97, 7.06) 0.003
D-Dimer (mg/L), median (Q1, Q3) 1.70 (0.80, 4.05) 3.86 (1.28, 14.43) 1.47 (0.77, 3.72) 0.001
D-Dimer/fibrinogen ratio 1.9±5.3 4.2±8.7 1.5±4.5 0.14
Key interventions in the ICU before VTE
Central venous catheter
   Internal jugular 
   Subclavian
   Femoral

206 (66.5)
156 (50.3)

13 (4.2)
34 (11.0)

33 (80.5)
26 (63.4)

3 (7.3)
4 (9.8)

173 (64.3)
130 (48.3)

10 (3.7)
30 (11.2)

0.04

0.20

Vasopressor use, N (%) 138 (44.7) 27 (67.5) 111 (41.3) 0.002
Invasive mechanical ventilation, N (%) 208 (67.1) 33 (80.5) 175 (65.1) 0.05
PaO2/FiO2 ratio before intubation, median (Q1, Q3) 92.5 (66.5, 164.3) 90.0 (78.7, 214.5) 95.8 (63.0, 153.0) 0.17
Renal replacement therapy, N (%) 67 (21.6) 11 (26.8) 56 (20.8) 0.38

APACHE:  Acute Physiology and Chronic Health Evaluation; COPD: chronic obstructive pulmonary disease; CT: computed tomography; GCS: Glasgow Coma Scale; INR: International Normalized Ratio; PaO2/
FiO2 ratio is the ratio of arterial oxygen partial pressure (PaO2 in mmHg) to fractional inspired oxygen; PTT: Partial Thromboplastin Time; Q1: first quartile; Q3: third quartile; SD: standard deviation; SOFA:  
Sequential Organ Failure Assessment; VTE: venous thromboembolism. Variables with skewed distribution were presented as median with the first third quartiles. The Mann-Whitney U test was used to 
compare the two groups. *6 patients had missing BMI.
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The characteristics of patients who were diagnosed 
to have VTE and those who were not are shown in 
Table 1. VTE was more prevalent in patients who re-
quired mechanical ventilation and vasopressors. Pa-
tients with VTE had higher admission D-dimers and 
lower fibrinogen levels compared with those who were 
not diagnosed to have VTE. However, ROC curve anal-
ysis found that D-dimer and D-dimer/fibrinogen ratio 
had modest ability to differentiate patients with VTE 
from those without VTE (Figure 1). The best thresh-
olds were 10.6 mg/L and 0.26, respectively. 

For patients receiving UFH at prophylactic doses 
(N=106), VTE was diagnosed in 15.1% of patients re-
ceiving 5000 U 12 hourly and 7.5% of those receiving 

5000 U 8 hourly (p=0.22). For patients receiving pro-
phylactic enoxaparin (N=161), VTE was diagnosed in 
10.6% of patients on standard dose and 5.3% of patients 
on intermediate dose (p=0.38). The multivariable Cox 
regression analysis showed that vasopressor therapy 
was associated with increased VTE risk (hazard ra-
tio, 6.69; 95% CI,1.26-35.52), while intermediate-dose 
enoxaparin versus standard-dose UFH or enoxaparin 
with decreased risk (hazard ratio, 0.06; 95% CI, 0.01-
0.74; p=0.03). The other variables were not associated 
with VTE. 

The composite outcome of clinically suspected and 
confirmed VTE or hospital mortality occurred in 
175/310 (56.5%) patients. The Cox regression analysis 

Fig. 1. Receiver operating characteristic (ROC) curve for admission D-dimer and D-dimer/fibrinogen ratio for the diagno-
sis of clinically suspected and confirmed venous thromboembolism

Table 2. VTE prophylaxis practices
Variables All patients N=310 VTE N=41 No VTE N=269 P value
No anticoagulant prophylaxis, N (%) 9 (2.9) 3 (7.3) 6 (2.2) 0.10
UFH, N (%)
   Standard dose (5000 U 12 hrly)
   standard dose (5000 U 8 hrly)
   Intravenous infusion

115 (37.1)
53 (46.1)*
53 (46.1)*

9 (7.8)*

15 (36.6)
8 (53.3)*
4 (26.7)*
3 (20.0)*

100 (37.2) 
45 (45.0)*
49 (49.0)*

6 (6.0)*

0.94
0.59
0.16
0.09

LMWH, N (%)
   standard dose*
   Intermediate dose*¶

   Therapeutic dose*

185 (59.7)
104 (56.2)*
57 (30.8)*
24 (13.0)*

23 (56.1)
11 (47.8)*
3 (13.0)*
9 (39.1)*

162 (60.2)
93 (57.4)*
54 (33.3)*
15 (9.3)*

0.62
0.50

0.055
<0.001

*The denominator used for calculating the percentage is the total number of patients receiving either UFH or LMWH; ¶ Intermediate dose enoxaparin was mostly 40 mg every 12 hours; LMWH: low-
molecular weight heparin, UFH: Unfractionated heparin, VTE: venous thromboembolism 
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found age (hazard ratio per year increment, 1.027; 95% 
CI, 1.011-1.044), diabetes (hazard ratio, 1.652; 95% 
CI, 1.007-2.717) and the anticoagulant dose (interme-
diate-dose enoxaparin versus standard-dose UFH or 
enoxaparin hazard ratio, 0.421; 95% CI, 0.228-0.777; 
p=0.006) to be associated with the composite outcome 
of clinically suspected and confirmed VTE or hospital 
mortality. Therapeutic anticoagulation versus stand-
ard-dose UFH or enoxaparin was not associated with 
the composite outcome (hazard ratio, 1.008; 95% CI, 
0.569-1.786). Similar results were noted when patients 
with suspected but not confirmed VTE were added to 
the confirmed VTE cases. 

Other outcomes 

The clinical outcomes of patients with VTE compared 
with those who were not diagnosed to have VTE are 
shown in Table 3. There was no difference in major 
bleeding between UFH 5000 U 12 hourly versus 8 
hourly (18.9% versus 17.0%, p=0.80) and between the 
standard-dose (10.6%) and intermediate-dose (8.8%) 
enoxaparin (p=0.71). Patients with VTE received more 
tracheostomy, had lower hospital mortality, and stayed 
longer in the hospital. The hospital mortality was lower 
even when patients with suspected but not confirmed 
VTE were added to the confirmed VTE cases (31.5% 
versus 50.8%, p=0.01). Patients who had arterial 
thrombotic events had similar hospital mortality com-
pared with those who did not have these events (11/19 
[57.9%] versus 136/291 [46.7%] patients, p=0.35). 

��Discussion
The main findings of this study were the following: an-
ticoagulant thromboprophylaxis was provided in 97% 
of patients mostly as low-molecular weight heparin 
(LMWH); clinically suspected and confirmed VTE 

cases were common at 13.2% while arterial thrombotic 
events were less common at 6.1%; vasopressor therapy 
was associated with increased risk for VTE while in-
termediate-dose of enoxaparin versus standard-dose 
UFH or enoxaparin with decreased risk of the compos-
ite outcome of VTE or hospital mortality. 

Thrombosis is highly prevalent in COVID-19. How-
ever, studies in the ICU setting showed variable results. 
For instance, one study of 184 ICU patients with COV-
ID-19 pneumonia in three Dutch hospitals found that 
the cumulative incidence of a composite outcome of 
symptomatic acute PE, DVT, ischemic stroke, myocar-
dial infarction or systemic arterial embolism was 49% 
(95% CI, 41-57%) [5]. On the other hand, VTE rates 
were much lower in a study from Milan (8.3% of 48 
patients in the ICU) [7].  In the randomized controlled 
trial that compared intermediate-dose (N=276) 
with standard-dose enoxaparin (N=286) in ICU pa-
tients with COVID-19, symptomatic VTE occurred 
in 3.3% and 3.5% of patients, respectively [23]. In a 
meta-analysis, the VTE incidence was higher among 
patients in the ICU (27.9%  versus  7.1%  in the ward) 
[10]. We found that symptomatic VTE was diagnosed 
in 13.2% and arterial thrombosis in 6.1%. Other symp-
tomatic VTE may have been overlooked as patients 
may have been too sick to have diagnostic workup or 
they were empirically treated with therapeutic anti-
coagulation. One meta-analysis showed that VTE in-
cidence was higher when assessed according to VTE 
screening was performed (33.1% versus 9.8% by clini-
cal diagnosis) [10].

Predictors of thrombosis in COVID-19 include 
age, prolonged prothrombin time > 3 seconds or PTT 
> 5 seconds [5], high D-dimerC [9] and central lines [6, 
7]. We found that vasopressor therapy was associated 
with increased VTE risk on multivariable regression 
analysis. Admission D-dimer and D-dimer/fibrinogen 

Table 3. Outcomes of patients in the cohort

Variables All patients N=310 VTE N=41 No VTE N=269 P value
Major bleeding, N (%) 42 (13.5) 8 (19.5) 34 (12.6) 0.23
Tracheostomy, N (%) 29 (9.4) 9 (22.0) 20 (7.4) 0.003
Duration of invasive MV (days), median (Q1, Q3) 12.0 (7.0, 20.0) 12.00 (7.0, 30.5) 12.0 (7.0, 19.0) 0.36
ICU LOS (days), median (Q1, Q3)
   All patients
   Patients who received invasive MV

10.0 (5.0, 18.0)
 14.0 (9.0, 22.0)

13.0 (7.0, 25.5)
16.0 (9.5, 33.0)

10.0 (4.5, 17.0)
14.0 (9.0, 21.0)

0.04
0.39

Hospital LOS (days), median (Q1, Q3) 19.0 (12.0, 29.0) 30.0 (19.0, 42.0) 17.0 (12.0, 27.0) <0.001
ICU Mortality, N (%) 123 (39.8) 12 (29.3) 111 (41.4) 0.14
Hospital mortality, N (%) 147 (47.4) 13 (31.7) 134 (49.8) 0.03

ICU: intensive care unit; LOS: length of stay; MV: mechanical ventilation; Q1: first quartile; Q3: third quartile; RRT: renal replacement therapy; VTE: venous thromboembolism; Variables with skewed distri-
bution were presented as median with the first third quartiles. The Mann-Whitney; U test was used to compare the two groups.
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ratio had only fair ability to discriminate VTE from 
non-VTE cases (area under the ROC curve of approxi-
mately 0.7 for both). One study found that D-dimer 
> 2,600 ng/mL predicted  VTE (area under the ROC 
curve, 0.760; 95% CI, 0.661-0.858) with a sensitivity of 
89.7%, and specificity of 59.5%.(9) In a meta-analysis, 
the pooled sensitivity of D-dimer for VTE in COV-
ID-19 was 90% (95% CI, 90-90%) with a  specificity of 
60% (95% CI, 60-60%).

The procoagulant state in COVID-19 has been as-
sociated with worse outcomes. In 183 consecutive pa-
tients with severe COVID-19 pneumonia in China, the 
mortality rate was 11.5% with 71.4% of non-survivors 
having overt-DIC (≥ 5 points on the International So-
ciety on Thrombosis and Hemostasis diagnostic cri-
teria) compared with 0.6% of survivors [31]. Hence, 
anticoagulants have been recommended in the man-
agement of COVID-19 to mitigate the micro- and 
macro-thrombotic complications before organ failure 
occurs [32], and to improve outcomes including sur-
vival. However, the counter argument is that in acute 
thrombotic microangiopathy, which results from 
hyperinflammation and endothelial damage as oc-
curs in COVID-19 [3], treatment should be directed 
against the underlying disease and anticoagulation 
has a limited role [32, 34]. Multiple observational 
studies evaluated anticoagulants in COVID-19 with 
mixed results [5, 15, 35]. A recently published rand-
omized controlled trial compared intermediate-dose 
and standard-dose enoxaparin in COVID-19 patients 
requiring ICU admission and found no difference in 
the primary efficacy outcome (a composite of venous 
or arterial thrombosis, treatment with extracorporeal 
membrane oxygenation, or mortality within 30 days 
of enrolment) between the two groups [22]. A col-
laboration between 3 independent international trial 
platforms (ATTACC, REMAP-CAP, and ACTIV-4) 
evaluating the safety and efficacy of therapeutic-dose 
versus standard dose thromboprophylaxis in hospital-
ized patients with COVID-19 recently reported their 
results [21]. Among patients requiring ICU admission 
for organ support, such as invasive medical ventila-
tion or vasopressors, enrolment was halted for futility 
in December 2020 by the data and safety monitoring 
boards after 1123 patients had been enrolled [21]. In 
a multicenter randomized controlled trial, therapeutic-
dose LMWH reduced the composite outcome of VTE, 
arterial thromboembolism or death (relative risk, 0.68; 
95% CI, 0.49-0.96;  p=0.03) compared with standard 

heparin thromboprophylaxis among inpatients with 
COVID-19 and elevated D-dimer levels (> 4 fold the 
upper limit of normal) [21]. However, this treatment 
effect was not seen in ICU patients [20]. In the current 
study, different doses of anticoagulants were used; al-
most one third of patients received intermediate-dose 
enoxaparin; and patients with VTE had lower mor-
tality. One explanation is that sicker patients or those 
who had Do-Not-Resuscitate orders, who typically 
have worse outcomes, did not have workup for VTE. 
In the multivariable regression analysis, intermediate-
dose LMWH was associated with lower risk or VTE or 
hospital mortality compared with standard-dose UFH 
or LMWH. Heparin use may have contributed to im-
proved outcomes, through its anticoagulation effect or 
through other anti-inflammatory or antiviral mecha-
nisms. In critically ill patients, standard-dose (40 mg) 
enoxaparin may yield subtherapeutic levels of anti-
factor Xa [36], likely secondary to impaired absorption 
from vasopressor-mediated vasoconstriction, subcuta-
neous edema, and obesity. Hence, higher anticoagulant 
doses may be needed to have effective antithrombotic 
activity [36].  A recent meta-analysis of 24 trials found 
that anticoagulants had no significant effect on  mortal-
ity in sepsis in general, but with significant reduction 
in mortality (risk ratio, 0.72; 95% CI, 0.62-0.85) in the 
subgroup of patients with sepsis‐induced DIC [37].

We did not observe increased risk of major bleed-
ing with intermediate-dose LMWH versus prophy-
lactic-dose heparin. Data about bleeding with antico-
agulation in COVID-19 have shown different results. 
Prophylactic anticoagulation was not associated with 
increased risk of bleeding that required transfusion 
(hazard ratio, 0.87; 95% CI, 0.71-1.05) in one study 
[16]. Intermediate-dose enoxaparin did lead to higher 
rate of major bleeding in a trial [22]. A retrospective 
study which evaluated 105 patients hospitalized for 
COVID-19 pneumonia (63.8% severe) treated with 
various doses of subcutaneous enoxaparin (40-100 mg/
day) found uncommon hemorrhagic incidents (0% 
fatal hemorrhage and 1.9% major bleeding); and only 
one thrombotic event (PE) [38]. When compared to 
younger patients, patients older than 85 years did not 
have an increased risk of bleeding or need for blood 
transfusion [38]. However, a meta-analysis found an 
incidence of 7.8% (95% CI, 2.6-15.3) for bleeding, and 
3.9%  (95%  CI, 1.2-7.9) for major bleeding [10]. The 
highest pooled incidence estimate of bleeding was re-
ported for patients receiving intermediate- or full-dose 
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anticoagulation (21.4%) [10]. The occurrence of major 
bleeding has been associated with high mortality [19].

 The study findings should be interpreted consider-
ing its strengths and limitations. All patients in the cur-
rent study were critically ill and our study reflected the 
practices of anticoagulant use early in the COVID-19 
pandemic when there was paucity of good quality evi-
dence with inconsistent recommendations and guide-
lines. We evaluated the composite outcome of VTE or 
hospital mortality to address ascertainment bias. The 
limitations include the retrospective analysis from a 
single center and the use of only admission variables. 
We also did not collect data about mechanical throm-
boprophylaxis. However, only 9 patients did not receive 
any form of heparin and adjunctive use of intermittent 
pneumatic compression has not been shown to reduce 
VTE risk [39]. Additionally, our analysis focused on 
cases with venous, but not arterial thrombosis. Con-
founders may have led to the observed associations as 
discussed earlier.

��Conclusions
In conclusion, we found that anticoagulant thrombo-
prophylaxis was used for most critically ill patients 
with COVID-19 using different heparin doses. Clini-
cally suspected and confirmed VTE was common oc-
curring in 13.2% of patients, but arterial thrombosis 
was less frequent and was diagnosed in 6.1%. Interme-
diate-dose of enoxaparin versus standard-dose UFH or 
enoxaparin was associated with decreased risk of VTE 
and of the composite outcome of VTE or hospital mor-
tality in patients with severe COVID-19.
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