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Objectives: To describe the incidence of thromboembolic events in adult patients with severe COVID-19 

and identify clinical and laboratory factors associated with these events. 

Design: Observational retrospective cohort study of 243 adult patients with severe COVID-19 admitted to 

an intensive care unit (ICU) at a Brazilian tertiary hospital. 

Results: The incidence of all thromboembolic events was 14.8%, in which 3.8% developed deep vein 

thrombosis, 7.8% pulmonary embolism, 2.5% acute myocardial infarction, 1.2% stroke, and 1.2% periph- 

eral artery occlusion. Risk factors identified were D-dimer at admission > 30 0 0 ng/mL ( P = < 0.0 013) and 

major bleeding ( P = 0.001). The cumulative risk of developing thromboembolic events at day 28 after ICU 

admission was 16.0%. The rate of major bleeding was 4.1%. After receiver operating characteristic curve 

analysis, the D-dimer cut-off at admission correlating with thromboembolic events was 1140.5 ng/mL. 

Conclusions: The rate of thromboembolic events in our study was lower than previously described. High 

D-dimer level at admission was the leading risk factor; the optimal cut-off was 1140.5 ng/mL. The occur- 

rence of thromboembolic events did not have an impact on the median overall survival rate. The optimal 

anticoagulant strategy in this context still needs to be established. 

© 2021 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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NTRODUCTION 

In December 2019, in Wuhan, China, several pneumonia cases 

hat progressed to severe acute respiratory syndrome (SARS) were 

eported. SARS-CoV-2 was identified as the aetiological agent of 

his disease in the following month, later denominated COVID-19 

 Chen et al., 2020 ; Guan et al., 2020 ). The association between

ther coronavirus and thromboembolic events was already recog- 

ised in both the 2003 SARS and 2012 Middle East Respiratory 

yndrome outbreaks ( Giannis et al., 2020 ). Similar thromboembolic 

vents were noted in patients with SARS-CoV-2 after developing 

 significant inflammatory response, leading to a hypercoagulable 

tate ( Connors and Levy, 2020 ; McGonagle et al., 2020 ). 
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In COVID-19 patients, abnormalities in coagulation tests, es- 

ecially a higher D-dimer level, are associated with worse out- 

omes ( Tang et al., 2020 ). Moreover, some studies showed that pa- 

ients with COVID-19 admitted to intensive care units (ICU) have 

 high incidence of venous thromboembolism (VTE). Some au- 

hors report these complications in almost half of the patients 

 Middeldorp et al., 2020 ). These events are more frequent in 

OVID-19 patients than in patients with acute respiratory distress 

yndrome of other aetiologies ( Helms et al., 2020 ). Of note, a se- 

ies of autopsies performed in deceased COVID-19 patients showed 

ndings consistent with VTE in 58% of cases, even without prior 

linical suspicion ( Wichmann et al., 2020 ). 

Most of the published cohorts describing COVID-19 related 

TE are from European or US groups ( Middeldorp et al., 2020 ; 

elms et al., 2020 ; Al-Samkari et al., 2020 ; Llitjos et al., 2020 ;

ilaloglu et al., 2020 ; Trigonis et al., 2020 ; Hippensteel et al., 2020 ).

ur study aimed to describe the incidence of thromboembolic 
us Diseases. This is an open access article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.ijid.2021.10.020
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2021.10.020&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:antonio.brandao@hc.fm.usp.br
https://doi.org/10.1016/j.ijid.2021.10.020
http://creativecommons.org/licenses/by-nc-nd/4.0/


A .A .G.S. Brandão, C.Z. de Oliveira, S.O. Rojas et al. International Journal of Infectious Diseases 113 (2021) 236–242 

e

1

M

P

t

fi

s

r

c

O

e

(

a

a

a

S

t

e

D

t

p

t

e

a

n

d

a  

p

S

m

a

w

(

r

v

a

t

e

a

a

2

a

w

e

(

r

t

v

C

d

Table 1 

Clinical and laboratory characteristics of patients. 

All patients 

(n = 243) 

Age- median, interquartile range (IQR) 63 (50–74) 

< 60 years - n (%) 98 (40.3) 

60–80 years - n (%) 97 (39.9) 

80 years - n (%) 48 (19.8) 

Female – n (%) 97 (39.9) 

Baseline Simplified Acute Physiology Score (SAPS) III 

– median, IQR 

49 (41–60) 

Body mass index ≥ 35 kg/m ² - n (%) 33 (13.6) 

Malignancies 32 (13.2) 

D-dimer at admission (ng/mL) - median, IQR 

< 3000 ng/mL – n (%) 

≥ 3000 ng/mL – n (%) 

916 (568-1908) 

187 (82.0) 

41 (18.0) 

Thrombocytopenia - n (%) 49 (20.2) 

Baseline anticoagulant treatment – n (%) 

Prophylactic dosing – n (%) 

Therapeutic dosing – n (%) 

222 (91.4) 

175 (78.8) 

47 (21.2) 

Ultrasound of extremities – n (%) 51 (21.0) 

Chest computed tomography angiography – n (%) 30 (12.3) 

Echocardiogram – n (%) 135 (55.5) 

Mechanical ventilation – n (%) 112 (46.1) 
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vents in a retrospective cohort of patients diagnosed with COVID- 

9 admitted to an ICU of a Brazilian tertiary hospital. 

ETHODS 

atients 

All consecutive patients admitted to the ICU of a Brazilian ter- 

iary hospital between March 17 and June 18, 2020, with a con- 

rmed diagnosis of COVID-19 were included in this retrospective 

tudy. SARS-CoV-2 detection in all cases was by polymerase chain 

eaction. Patients were followed up until the date of hospital dis- 

harge or death. 

utcomes 

The primary endpoint was the occurrence of thromboembolic 

vents, which were further divided into deep venous thrombosis 

DVT), pulmonary embolism (PE), stroke, myocardial infarction, and 

cute peripheral artery occlusion. 

The secondary endpoints were clinical or laboratory risk factors 

ssociated with thromboembolic events, overall mortality at day 28 

fter ICU admission, major bleeding according to the International 

ociety of Thrombosis and Haemostasis, and the correlation be- 

ween D-dimer levels and thromboembolic events by receiver op- 

rating characteristic (ROC) curve (Schulman et al., 2005 ). 

iagnosis of thromboembolic events 

Patients with clinical suspicion of DVT had an ultrasound of ex- 

remities performed. Pulmonary embolism was diagnosed by com- 

uted tomography (CT) pulmonary angiography or, in unstable pa- 

ients, a high pulmonary artery systolic pressure observed in an 

chocardiogram in the absence of other causes. Stroke was defined 

s central nervous system (CNS) infarction or ischemic stroke diag- 

osed by CNS imaging. The definition of prophylactic anticoagulant 

ose in this study was enoxaparin 40 mg every day or unfraction- 

ted heparin 50 0 0 IU twice or three times a day according to the

atient’s body weight. 

tatistical analysis 

Data were summarised by mean, SD, median, minimum, and 

aximum when the variables were quantitative, and frequency 

nd percentage for qualitative variables. Simple logistic regression 

as used to verify the difference between thromboembolic events 

Yes / No) and the calculated odds ratio. Multiple model logistic 

egression was used to determine the effect of combinations of 

ariables. A cut-off value for D-dimer was determined using ROC 

nalysis. The value maximized the sensitivity and specificity of 

he identification of the patients who experienced thromboembolic 

vents during hospitalization and patients who did not. Previously, 

 cut-off value of 30 0 0 ng/mL was described as a factor associ- 

ted with worse outcomes in patients with COVID-19 ( Tang et al., 

020 ). The sensitivity, specificity, positive predictive value, neg- 

tive predictive value, and accuracy and the respective 95% CIs 

ere estimated. A linear mixed-effect model was used to compare 

volution for D-dimer in thromboembolic events. Overall survival 

death from any cause) and thromboembolic events-free survival 

ates were estimated using a nonparametric Kaplan-Meier estima- 

or. The log-rank test was used to test the difference between sur- 

ival (D-dimer and status), and the hazard ratio was calculated by 

ox’s regression. Data were analyzed with SPSS software (for Win- 

ows, v25.0). P -value < 0.05 was considered statistically significant. 
237 
ESULTS 

A total of 243 consecutive patients admitted to the ICU with 

 confirmed diagnosis of COVID-19 were included in this study. 

he clinical and laboratory characteristics of the patients are sum- 

arised in Table 1 . The median follow-up duration was 10 days 

mean, 16.4 ±18.7 days). The median age of patients was 63 years 

range, 20–102), and 97 (39.9%) were female. The median simpli- 

ed acute physiology score (SAPS) III was 49 points (range 24–

00). Thirty-three patients had a body mass index (BMI) > 35 kg/m ²
13.6%), and 32 (13.2%) had a cancer diagnosis before admission. 

edian D-dimer at admission was 916 ng/mL (range 215–128 0 0 0). 

orty-nine patients (20.2%) developed platelet counts lower than 

0 0 0 0 0/mm ³ during hospitalization. Anticoagulant therapy was 

mployed in 222 patients (91.4%), with 175 (78.8%) receiving pro- 

hylactic dosing. Mechanical ventilation was employed in 112 pa- 

ients (46.1%). 

verall survival 

Between ICU admission and day 28, 77 patients (33.5%) died, 

ncluding 60.7% of patients who underwent mechanical ventila- 

ion. The median overall survival (OS) after ICU admission was not 

eached at day 28. Patients aged ≥80 years had a median OS of 

1 days after ICU admission, and the median OS was not reached 

or patients with ages < 60 years and 60–79 years ( P < 0.001). Pa-

ients who underwent mechanical ventilation had a median OS of 

5 days compared with a median OS not reached in those not ven- 

ilated ( P < 0.001). The median OS was not reached for both pa- 

ients who received prophylactic anticoagulant dosing and those 

ho received therapeutic dosing ( P = 0.079). Patients who devel- 

ped thrombocytopenia during hospitalization had a median OS of 

7 days versus not reached for those who did not ( P < 0.001). Pa-

ients with a prior history of cancer had a median OS of 27 days 

ersus not reached for those who had not ( P = 0.025). The median 

S for both patients who developed thromboembolic events and 

hose who did not, was not reached ( P = 0.995). 

hromboembolic and major bleeding events 

During the study period, 51 patients (21%) had an ultrasound 

f the extremities performed, 30 (12.3%) underwent CT pulmonary 

ngiography, and 135 (55.5%) had an echocardiogram. Thromboem- 
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Figure 1. Cumulative risk of thromboembolic events until 28 days after intensive care unit admission. 

Table 2 

Thromboembolic and major bleeding events. 

All patients 

(n = 243) 

Venous thromboembolism – n (%) 27 (11.1) 

Deep vein thrombosis – n (%) 9 (3.7) 

Pulmonary embolism – n (%) 19 (7.8) 

Arterial thrombosis – n (%) 

Stroke – n (%) 

Myocardial infarction – n (%) 

Peripheral artery occlusion – n (%) 

12 (4.9) 

3 (1.2) 

6 (2.5) 

3 (1.2) 

Major bleeding – n (%) 10 (4.1) 
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Figure 2. Receiver operating characteristic (ROC) curve of D-dimer levels at admis- 

sion higher than 1140 ng/mL and occurrence of thromboembolic events. 
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olic events occurred in 36 patients (14.8%) ( Table 2 ). Venous 

hromboembolic events were DVT in 9 patients (3.7%) and PE in 

9 (7.8%). Cerebral venous thrombosis episodes were not observed. 

he rate of DVT was 17.6% in patients who had a ultrasound per- 

ormed. Arterial thromboembolic events were stroke in 3 (1.2%), 

yocardial infarction in 6 (2.5%), and peripheral arterial occlusion 

n 3 patients (1.2%). The cumulative risk of thromboembolic events 

t day 28 after ICU admission was 16.0% ( Figure 1 ). In patients

ho developed thromboembolic events, the median time to these 

vents occurring was 2 days (range 0–76 days). Major bleeding was 

bserved in 10 patients (4.1%) ( Table 2 ). 

Risk factors for thromboembolic events on univariate analysis 

 Table 3 ) were D-dimer at admission > 30 0 0 ng/mL ( P = < 0.0 013)

nd major bleeding ( P = 0.001). These risk factors were also iden- 

ified by logistic regression ( Table 3 ). For venous thromboem- 

olic events (DVT and PE), D-dimer at admission > 30 0 0 ng/mL 

 P = < 0.001) was the only risk factor identified. 

-dimer levels 

The D-dimer cut-off at admission that correlated with throm- 

oembolic events was 1140.5 ng/mL by ROC curve analysis with 

n area under curve of 0.697 (95% CI 0.599–0.795) ( Figure 2 ), sen-

itivity 62.5% (95% CI 43.7%–78.9%), and specificity 63.3% (95% CI 

6.1%–70.0%). The positive predictive value (PPV) was 21.7% (95% CI 

6.7%–27.8%), the negative predictive value (NPV) was 91.2% (95% 

I 86.7%–94.2%) and accuracy 63.2% (95% CI 56.5%–69.4%). When 

nalysing the correlation between D-dimer levels > 30 0 0 ng/mL 

ith thromboembolic events, the sensitivity was 40.6% (95% CI 
238 
3.7%–59.4%), specificity 85.7% (95% CI 80.0%–90.3%), PPV 31.7% 

95% CI 21.3%–44.4%), NPV 89.8% (95% CI 86.8%–92.2%) and accu- 

acy 79.4% (95% CI 73.6%–84.4%). 

Figure 3 summarizes the evolution of D-dimer measurements 

uring follow-up. D-dimer median levels at each time point 

ere higher in patients who developed thromboembolic events 

 P = 0.001) and those who died ( P = 0.043). 

In patients with baseline D-dimer > 1140.5 ng/mL, the median 

S was 20 days, and it was not reached for patients with D-dimer 

 1140.5 ng/mL ( P < 0.001) with a hazard ratio (HR) of 4.091 (CI 95%

.467–6.785) ( Figure 4 ). The median OS was not reached for both 

atients with baseline D-dimer > 30 0 0 ng/mL and with < 30 0 0

g/mL, with an OS of 53.7% at day 28 after admission versus 71.4%, 

espectively ( P = 0.028) and HR 1.782 (CI 95% 1.052–3.019). 
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Table 3 

Risk factors for thromboembolic events. 

Patients with 

thromboembolic events 

(n = 36) 

Patients without 

thromboembolic events 

(n = 207) 

Odds ratio 

(CI 95%) 

P value 

Mechanical ventilation 20 (55.6%) 92 (44.4%) 1.56 (0.77–3.18) 0.219 

Age (years) 

60–80 

≥80 

17 (47.2%) 

5 (13.9%) 

80 (38.6%) 

43 (20.8%) 

1.27 (0.59–2.76) 

0.70 (0.24–2.07) 

0.537 

0.516 

Male sex 21 (58.3%) 125 (60.4%) 0.92 (0.45–1.88) 0.816 

Body mass index ≥ 35 kg/m ² 6 (16.7%) 27 (13.1%) 1.33 (0.51–3.48) 0.567 

Simplified Acute Physiology Score (SAPS) III 

41–60 

≥60 

19 (52.8%) 

9 (25.0%) 

98 (47.3%) 

55 (26.6%) 

1.31 (0.54–3.19) 

1.11 (0.40–3.08) 

0.554 

0.849 

D-dimer at admission ≥3000 ng/mL 13 (40.6%) 28 (14.3%) 4.11 (1.82–9.24) 0.001 

Thrombocytopenia during the study 7 (19.4%) 42 (20.4%) 1.06 (0.44–2.59) 0.897 

Baseline anticoagulant treatment 33 (91.7%) 189 (91.3%) 1.05 (0.29–3.76) 0.943 

Major bleeding 6 (16.7%) 4 (1.9%) 10.15 (2.71–38.07) 0.001 

Malignancy 4 (11.1%) 28 (13.5%) 0.80 (0.26–2.43) 0.693 

Risk factors for thromboembolic events after logistic regression analysis. Odds ratio 

(CI 95%) 

P value 

D-dimer at admission higher than 3000 ng/mL 2.60 (1.16–5.80) 0.02 

Major bleeding 12.82 (2.92–56.27) 0.001 

Figure 3. Evolution of D-dimer levels during follow-up in different moments after intensive care unit admission. 
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ISCUSSION 

To the authors’ knowledge, our report is the largest cohort re- 

arding thromboembolic and bleeding events from Latin-American 

OVID-19 patients to date. We found a mortality rate of 33.5%, and 

he median OS was not reached at day 28 after ICU admission. 

f note, 62.3% of deaths (48 of 77) occurred during the first 10 

ays. We found a 14.8% incidence of thromboembolic events, fur- 

her divided into 11.1% of venous thromboembolism and 4.9% of 

rterial events; the cumulative risk to develop those events at day 

8 after ICU admission was 16.0%. These results show a lower inci- 

ence of thromboembolic events than previously reported in other 

CU cohorts ( Table 4 ) ( Middeldorp et al., 2020 ; Helms et al., 2020 ;

l-Samkari et al., 2020 ; Llitjos et al., 2020 ; Bilaloglu et al., 2020 ;

rigonis et al., 2020 ; Hippensteel et al., 2020 ,( Yu et al., 2020 ). The

ain risk factor identified for thromboembolic events was higher 

-dimer levels, both > 30 0 0 ng/mL, a parameter already associated 

ith poor prognosis in this group of patients ( Tang et al., 2020 )

nd > 1140.5 ng/mL, a cut-off identified after ROC curve analysis in 

ur study. This cut-off was also a predictor of shorter overall sur- 

ival, and patients who had a D-dimer level > 1140.5 ng/mL had 
239 
 4.09 higher risk of death. However, the cut-off of 30 0 0 ng/mL 

escribed previously ( Tang et al., 2020 ) had better accuracy in 

redicting patients who developed thromboembolic events. Other 

tudies reported a higher sensitivity when using this cut-off, al- 

hough with lower accuracy ( Artifoni et al., 2020 ; Gibson et al., 

020 ). The D-dimer level was consistently higher during follow-up 

mong patients who died and in patients who developed throm- 

oembolic events. It is noteworthy that D-dimer levels seem higher 

n COVID-19 patients than in patients with bacterial pneumonia or 

ther inflammatory conditions in ICU patients ( Yu et al., 2020 ). In- 

erestingly, mechanical ventilation did not have a significant im- 

act on thromboembolic events, which was unexpected consid- 

ring the correlation between higher D-dimers and both severity 

nd thromboembolic events. This observation may suggest that D- 

imer could be an independent variable of severity in this group 

f patients and that the optimal D-dimer cut-off with clinical sig- 

ificance needs further study. Our results did not show impact in 

S for patients who received therapeutic anticoagulation compared 

ith those who received anticoagulants at prophylactic dosing. Of 

ote, the decision to use therapeutic or prophylactic anticoagulant 

osing was at the physician’s discretion. We did not find a correla- 
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Figure 4. Overall survival by Kaplan-Meier analysis in all patients (A) and according to D-dimer levels higher or lower than 1140.5 ng/mL (B) ( P = < 0.001). Hazard ratio = 4.09 

(95% CI 2.47–6.78). 
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ion between age, gender and obesity with thromboembolic events, 

nd this lack of correlation has been previously reported ( Yu et al., 

020 ). 

Major bleeding was also identified as a risk factor for throm- 

oembolic events. A possible reason for this correlation is the in- 

bility to administer anticoagulants to these patients due to bleed- 

ng events; hence the pharmacological prophylaxis to thromboem- 

olic events could not be used. The major bleeding rate was 4.1%, 

imilar to other cohorts (Wichamann et al., 2020), and relatively 

ow, considering that 91.4% of our patients received anticoagulants. 

verall survival was not influenced by the occurrence of throm- 

oembolic events, although this must be addressed cautiously due 

o the low rate of events. 
240 
Our study has limitations since we analysed retrospective data 

ollected from patients from a single centre during “the first wave”

f COVID-19 in 2020. Data in the thrombosis risk in the so-called 

OVID-19 “variants” could differ. We were not able to collect de- 

ailed data on patients comorbidities. The incidence of throm- 

oembolic events may have been underestimated due to under- 

iagnosis as a VTE screening strategy was not employed, such 

s routine ultrasound; therefore, only patients with symptomatic 

hromboembolic events were diagnosed. The rate of DVT in pa- 

ients who underwent ultrasound was low (17.6%); hence a sys- 

ematic ultrasound policy may not be warranted due to the risk 

f contamination among health care personnel. On the other hand, 

he high adhesion to pharmacological prophylaxis of VTE, based on 
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Table 4 

Thromboembolic events in cohorts previously published. 

Reference ICU Patients Age (years) 

(median) 

D-dimer (median) Thromboembolic events Bleeding events 

Middeldorp et al. 75 62 2000 ng/mL 47% 

VTE only 

NA 

Helms et al. 150 63 2270 ng/mL 18% 

Venous and arterial thrombosis 

2.7% (major) 

Al-Samkari et al. 144 65 NA (not reported for ICU patients) 18.1% 

Venous and arterial thrombosis 

5.6% (major) 

Llitjos et al. 26 68 1,750 ng/mL 69% 

VTE only; systematic assessment with 

ultrasound 

NA 

Bilaloglu et al. 829 64 648 ng/mL (patients with thrombotic 

events) 

29.4% 

Venous and arterial thrombosis 

NA 

Trigonis et al. 45 60.8 4,046 ng/mL 42.2% 

VTE only; systematic assessment with 

ultrasound 

NA 

Hippensteel et al. 91 55 (VTE patients) 1071 ng/mL (VTE patients) 26.1% 

VTE only 

NA 

Present study 243 63 916 ng/mL 14.8% 

Venous and arterial thrombosis 

4.1% (major) 

ICU: Intensive Care Unit; VTE: Venous thromboembolism; NA: not available. 
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ur institutional protocols, may have favourably contributed to our 

esults. We did not perform a routine anti-Xa assay to evaluate the 

rophylactic anticoagulation’s efficacy, which may identify patients 

ligible for a more intensive anticoagulation strategy ( Dutt et al., 

020 ). We also did not have access to data regarding thromboem- 

olic events post-discharge. However, we did observe patients who 

eveloped thromboembolic events 76 days after admission, sug- 

esting that the thromboembolic risk may persist after ICU and 

ospital discharge. However, most of the thromboembolic events 

ccurred in the first 2 days after ICU admission. 

In conclusion, the correlation between thromboembolic events 

nd severe COVID-19 is striking. The optimal anticoagulant strat- 

gy in this context is a matter of debate ( Thachil et al., 2020 ;

oores et al., 2020 ; Orsi et al., 2020 ). Two clinical trials (INSPI-

ATION Investigators et al., 2021 ; REMAP-CAP Investigators et al., 

021 ) which evaluated the effect of different anticoagulant doses 

mong patients admitted to the ICU with COVID-19 did not show 

mproved outcomes. Other ongoing randomised clinical trials may 

rovide further evidence to help physicians in managing this clini- 

al issue. 
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