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A B S T R A C T   

Background: Venous thromboembolism (VTE) is a frequent complication in critically ill patients with cor
onavirus disease 2019 (COVID-19) and is associated with mortality. Early diagnosis and treatment of VTE is 
warranted. 
Objective: To develop a prediction model for VTE in critically ill COVID-19 patients. 
Patients and methods: In this retrospective cohort study, 127 adult patients with confirmed COVID-19 infection 
admitted to the intensive care unit of two teaching hospitals were included. VTE was diagnosed with either 
ultrasound or computed tomography scan. 

Univariate receiver operating characteristic (ROC) curves were constructed for Positive End Expiratory 
Pressure, PaO2/FiO2 ratio, platelet count, international normalized ratio, activated partial thromboplastin time 
as well as levels of fibrinogen, antithrombin, D-dimer and C-reactive protein (CRP). Multivariate analysis was 
done using binary linear regression. 
Results: Variables associated with VTE in both univariate and multivariate analysis were D-dimer and CRP with 
an area under the curve (AUC) of 0.64, P = 0.023 and 0.75, P = 0.045, respectively. Variables indicating 
hypoxemia were not predictive. The ROC curve of D-dimer and CRP combined had an AUC of 0.83, P  <  0.05. 
Categorized values of D-dimer and CRP were used to compute a mean absolute risk for the combination of these 
variables with a high positive predictive value. The predicted probability of VTE with a D-dimer  >  15 in 
combination with a CRP  >  280 was 98%. The negative predictive value of D-dimer was low. 
Conclusion: Elevated CRP and D-dimer have a high positive predictive value for VTE in critically ill COVID-19 
patients. We developed a prediction table with these biomarkers that can aid clinicians in the timing of imaging 
in patients with suspected VTE.   

1. Introduction 

Venous thromboembolism (VTE) is a frequent complication in cri
tically ill patients with coronavirus disease 2019 (COVID-19). 
Estimated incidences of thrombotic complications, including deep ve
nous thrombosis (DVT) and pulmonary embolism (PE) have been 

reported at 30–38%, despite the use of prophylactic anticoagulation 
[1,2]. Furthermore, the development of thrombosis is associated with 
increased mortality [2], whereas the use of heparin is associated with a 
decrease in mortality in observational studies in critically ill COVID-19 
patients [3]. This indicates that early diagnosis and treatment of 
thrombotic complications is of paramount importance. 
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The diagnosis of VTE can be challenging in critically ill patients 
with COVID-19. DVT can be difficult to recognise in sedated and often 
obese patients. Moreover, PE is also challenging to diagnose as wor
sening hypoxemia can be attributed to concomitant pneumonia or acute 
respiratory distress syndrome (ARDS), leading to underdiagnoses. Also, 
optimal timing of imaging is a challenge, as it was shown that when 
computed tomography (CT) scanning for a suspected PE is performed in 
COVID-19 patients, 75% of the scans are negative [4]. Transportation of 
a patient to perform a CT scan while on mechanical ventilation with 
high pressures is a logistic challenge with risks for the patient as well as 
risks of contamination. Thereby, the use of a prediction model with the 
ability to differentiate between patients with high and low risk for VTE 
is likely to improve diagnostic efficiency and early commencement of 
anticoagulant therapy. 

The use of biomarkers in the prognosis of COVID-19 has already 
been described. A markedly elevated D-dimer was shown to be a pre
dictor of mortality [5,6]. Other deranged coagulation tests in patients 
with COVID-19 are slightly decreased platelet counts and prolongation 
of the prothrombin time (PT) [7]. Monitoring of these biomarkers in 
patients with COVID-19 is recommended by the International Society of 
Thrombosis and Haemostasis, as an increase may justify more ag
gressive critical care support [8]. In addition, although pathophy
siology of COVID-19 induced coagulopathy remains unclear, it is sug
gested that thrombosis is inflammatory driven [7,9]. Thereby, acute 
phase reactant proteins could also be a useful tool in the diagnosis of 
VTE. 

The aim of this study was to develop a prediction model for the 
occurrence of VTE in critically ill COVID-19 patients. Markers of in
flammation and haemostasis as well as markers of hypoxemia were 
analysed for their diagnostic ability to detect VTE in critically ill 
COVID-19 patients. 

2. Methods 

2.1. Study design and participants 

This retrospective cohort study was conducted in all adult patients 
(≥18 years old) admitted to the intensive care unit (ICU) of a university 
and large teaching hospital in Amsterdam between March 13th and 
April 9th. Patients with a polymerase chain reaction (PCR) confirmed 
diagnosis of COVID-19 from a nose or throat swab or tracheal aspirate 
positive for Severe Acute Respiratory Syndrome Coronavirus-2 (SARS- 
CoV-2) were included. There were no exclusion criteria. Thrombosis 
prophylaxis was part of standard of care. The observations of a high 
incidence of thrombosis led us to intensify the dose of prophylactic low- 
molecular-weight heparin (LMWH). From April 3rd onwards in the 
OLVG Hospital and from April 9th onwards in the Amsterdam UMC, 
location AMC, patients received a double dose of nadroparin, which 
was nadroparin 2850 IU twice daily (bid) for patients with a body 
weight < 100 kg and 3800 or 5700 IU bid for those ≥100 kg. 

Clinical, laboratory and treatment data during the first 20 days of 
ICU admission (which comprises the time period in which most VTE 
develop) or until discharge or decease were collected from electronic 
medical records using a standardised data collection form. In our pre
diction tool we included the laboratory and ventilation values that were 
measured most recently before the diagnosis of VTE was confirmed 
with either ultrasound or CT-scan imaging. 

Formal approval from the Medical Ethics Review Committee was 
not required as the Medical Research Involving Human Subjects Act 
(WMO) does not apply due to the retrospective nature of this ob
servational study involving no potential risk to patients. 

2.2. Venous thromboembolism 

VTE was classified as deep venous thrombosis (DVT), pulmonary 
embolism (PE) or other thrombosis. Diagnosis of DVT or other 

thrombosis was based on ultrasound, performed as part of weekly 
screening in all admitted patients. The diagnosis of PE was based on CT 
imaging, which was performed on clinical suspicion, primarily based on 
deterioration of gas exchange. Patients with both DVT and PE were 
scored for PE. Patients with other thrombosis, consisting of superficial 
vein or venous catheter thrombosis, and DVT were scored for DVT. 

2.3. Laboratory and ventilation values 

Daily blood examinations consisted of complete blood count, pla
telets, international normalized ratio (INR), activated Partial 
Thromboplastin Time (aPTT), serum biochemical tests for liver and 
kidney function, electrolytes and C-reactive protein (CRP). 

D-dimer, fibrinogen and antithrombin were measured twice a week. 
Oxygenation parameters included the level of PEEP, which is the po
sitive pressure at the end of expiration given to prevent the alveoli form 
collapsing, and PaO2/FiO2 ratio, which is a clinical indicator of hy
poxaemia. The laboratory and ventilation values measured most re
cently prior to imaging (ultrasound or CT-scan) that confirmed VTE 
were used for the prediction model. 

2.4. Statistical analysis 

Based on normality, data is either presented as mean with standard 
deviation or median with interquartile ranges and differences between 
groups was analysed with either the Student t-test or Mann Whitney U 
test as appropriate. Categorical data is presented as percentage and 
significance was calculated with the Fisher's exact test. Two tailed P 
values < 0.05 were considered statistically significant. 

Univariate statistical analysis included Receiver Operating 
Characteristics (ROC) curve analysis and computation of diagnostic 
performance parameters for the most optimal cut-off values. All vari
ables with a significance of P  <  0.20 in univariate analysis were se
lected for multivariate analysis. Multivariate analysis was done using 
binary linear regression with backward stepwise procedure to exclude 
statistically significant variables from the model. The 95% confidence 
interval was reported if appropriate. 

Based on the results of the logistic regression model, diagnostic 
performance (sensitivity, specificity, positive predictive value and ne
gative predictive value) for D-dimer and CRP was calculated. 
Furthermore, odd's ratios for D-dimer and CRP were computed, with a 
reference value for D-dimer of 1 μg/ml and for CRP a reference value 
of < 20 mg/dl. Intervals to compute a mean absolute risk for the 
combination of D-dimer and CRP were based on the univariate analysis 
of ROC curves. 

A sub analysis was performed to identify risk factors for PE fol
lowing the same procedure. Variables were selected for multivariate 
logistic regression if the AUC had a significance of P  <  0.20. 

Statistical analysis was performed with SPSS© version 26.0. (IBM©, 
New York, New York, the United States). Graphs were made with Prism 
Graphpad version 8.0.2 (San Diego, California, The United States). 

3. Results 

One-hundred and twenty-seven patients were enrolled in the study.  
Table 1 shows the baseline characteristics of all patients as well as for 
the VTE and no VTE subgroups separately at the time of ICU admission. 
Of 127 included patients, 53 (41.7%) developed VTE. Of patients who 
developed VTE during ICU stay 16.5% had PE, 20.5% DVT and 4.7% 
other thromboses, consisting of venous catheter or superficial vein 
thrombosis. The median time to develop a VTE was eight (IQR 4–12) 
days after ICU admission. 

Fig. 1 shows coagulation tests plotted over time during ICU stay in 
patients who developed VTE and in those who did not. Median levels of 
D-dimer, CRP and fibrinogen were high in COVID-19. Antithrombin 
activity gradually increased over time in ICU. Median D-dimer level was 
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significantly increased on day 4 and 8 in the VTE group compared to the 
non-VTE group. Median levels of CRP were also significantly higher in 
the VTE group compared to the non-VTE group at day of admission up 
to day 16. In contrast, fibrinogen levels did not differ between the two 
groups at any point in time. The median level of antithrombin was 
significantly lower in the VTE group when compared with the non-VTE 
group on day 4, 8 and 12. However, median levels were within normal 
range for both groups. 

3.1. Analysis of risk factors for VTE 

In the univariate analysis, D-dimer and CRP showed statistically 
significant AUCs (0.64 and 0.75 respectively, P  <  0.05, Table 2 and  
Fig. 2) and were included in binary logistic regression. The final model 
to predict the risk of VTE from both biomarkers had the following re
lationship: 

= + +p
p

x xln
1

2.455 0.119 0.0091 2
(1) 

where x1 is D-dimer level and x2 is CRP level. p is the probability of 

developing VTE and ( )p
p1 is the odds of developing VTE. D-dimer and 

CRP remained significantly associated with VTE in the binary logistic 
regression model with an AUC of 0.83 (0.73–0.93), Fig. 2. The sensi
tivity, specificity, positive predictive value and negative predictive 
value of these markers are shown in Table 3 and Table 4. Other 

Table 1 
Baseline characteristics of critically ill patients with COVID-19. Data are reported as median (IQR) unless otherwise specified. BMI, body mass index; CRP, C-reactive 
protein; VTE, venous thromboembolism; PE, pulmonary embolism. Laboratory values measured on day of admission. Mechanical ventilation at any point during ICU 
stay.       

Variable All patients 
N = 127 

VTE group 
N = 53 

No VTE group 
N = 74 

P value  

Age (years) 62 (55–70) 62 (55–71) 62 (55–70)  0.73 
Male sex, % 77.0% 75.5% 78.1%  0.73 
BMI (kg/m2) 27.0 (24.7–30.2) 27.0 (24.2–30.5) 26.2 (25.0–30.1)  0.83 
Use of vasopressors at admission, % 53.5% 69.2% 43.1%  0.006 
Mechanical ventilation, % 90.6% 100% 83.8%  0.001 
PEEP on admission (cmH2O) 12 (10–15) 14 (10–15) 12 (10–15)  0.21 
P/F ratio on admission 151 (110–190) 151 (99–185) 155 (119–200)  0.98 
INR 0.93 (0.89–0.99) 0.93 (0.89–1.00) 0.93 (0.88–0.98)  0.77 
PT (s) 11.3 (10.8–12.0) 11.3 (10.8–11.9) 11.3 (10.7–12.0)  0.96 
aPTT (s) 27.4 (25.0–31.0) 27.7 (25.0–30.7) 27.4 (25.0–31.0)  0.66 
Platelets (×10.9/l) 237 (172–307) 240 (167–354) 223 (176–298)  0.81 
Fibrinogen (mg/dl) 7.7 (5.7–8.4) 7.5 (5.6–8.6) 7.7 (5.6–8.3)  0.92 
D-dimer (μg/ml) 1.68 (0.79–5.51) 2.31 (0.82–29.2) 1.25 (0.73–3.00)  0.10 
CRP (mg/dl) 176 (114–247) 214 (128–270) 153 (97–230)  0.035 

Fig. 1. Median (A) D-dimer n, (B) CRP (C) antithrombin (D) fibrinogen, (E) platelet count and (F) INR, plotted against days since ICU admission for patients who were 
diagnosed with a venous thromboembolism (VTE) and patients who had no proven VTE (no-VTE). Error bars show the upper limit of the IQR for the group with the 
highest median and lower limit of the IQR for the group with the lowest median. 

Table 2 
AUC values of ROC analysis of all variables for VTE. AUC, area under the curve. 
P-value of AUC differing from 0.5.     

Test AUC P value  

D-dimer  0.640  0.023 
INR  0.426  0.555 
Antithrombin  0.625  0.241 
Platelet count  0.562  0.622 
CRP  0.752  0.045 
aPTT  0.479  0.870 
Fibrinogen  0.380  0.341 
P/F ratio  0.393  0.393 
PEEP  0.483  0.896 

R.W.G. Dujardin, et al.   Thrombosis Research 196 (2020) 308–312

310



variables were not predictive of VTE. Odd's ratios are shown in sup
plemental Table C. The categorized variables were used to compute a 
mean absolute risk for the combination of D-dimer and CRP and shown 
in Table 5. 

3.2. Analysis of risk factors for PE 

As we found that variables indicating hypoxemia were not pre
dictive for the development of VTE, we repeated the analysis in the 
subgroup of patients with a PE (n = 21). In the univariate analysis, 
PEEP and CRP were significantly associated with PE development. 
However, in the multivariate model, significance of PEEP was lost, and 

only CRP remained as a predictor for pulmonary embolism (supple
mental Table B). 

4. Discussion 

In this study, increased D-dimer and CRP levels were predictors of 
VTE with a high sensitivity. Of note, markers of oxygenation were not 
predictive of VTE or the presence of a pulmonary embolism. Risk 
stratification in patients is important to ensure VTEs are not missed and 
adequate anticoagulation is administered [10]. We constructed a pre
diction table with various cut off values of the commonly used bio
markers D-dimer and CRP that can aid physicians in the timing of 
imaging in patients suspected for DVT and PE. 

In our study, 41.7% of included patients developed VTE. This high 
number is similar to VTE incidences in critically ill COVID-19 patients 
reported elsewhere [1,4]. In the present study, both D-dimer and CRP 
were able to predict the development of VTE in COVID-19 patients, with 
the combination of D-dimer and CRP showing the highest positive pre
dictive value. For instance, our results indicate a predicted probability for 
VTE of 92% when D-dimer is > 9 μg/ml and CRP  >  280 mg/ml. 

Elevated D-dimer levels indicate coagulation activation and sub
sequent hyper fibrinolysis. Therefore, D-dimer is generally used to detect 
an active thrombus with a high sensitivity but low specificity [11]. In 
clinical practice, a D-dimer of less than 0.5 μg/ml is used to rule out VTE 
[12,13]. A recently published study on D-dimer in Asian COVID-19 pa
tients reported a negative predicting value (NPV) for VTE of 92.5% using 
a D-dimer cut off value of 3.0 μg/ml [14]. In contrast, the ability of a D- 
dimer level of < 3.0 μg/ml to rule out VTE in this study was only 67%. An 
explanation may be the larger sample size in this study. Alternatively, the 
different patient population characteristics can be an explanation. There 
are genetic differences between Asians and Caucasians with regard to the 
coagulation system [15], which may have led to different predictive va
lues of D-dimer. However, a high D-dimer level has a high positive pre
dictive value for VTE. Thereby, in contrast to non-COVID-19 patients, D- 
dimer levels in COVID-19 appear not useful to rule out VTE, but could be 
useful in timing of imaging in COVID-19 patients suspected of VTE. 

High CRP levels had the best performance to predict VTE. It has 
already been suggested that rises in CRP reflect physiologic complica
tions of COVID-19 [16]. Furthermore, this underlines the current hy
pothesis that inflammation is the driving force behind the development 
of thrombosis in COVID-19 patients [7,9]. The implication of our 
finding is that an increase in CRP should not only raise suspicion of 
ongoing viremia or a nosocomial infection, but also of the occurrence of 
VTE. Of note, we did not find fibrinogen levels to be predictive for VTE 
in COVID-19 patients. This is remarkable, as fibrinogen is also an acute 
phase reactant and high levels of fibrinogen have been reported to be a 
prominent feature of COVID-19 induced coagulopathy [17]. Appar
ently, not all inflammatory proteins contribute to the pathogenesis of 
thrombosis in COVID-19. This remains an important area of further 

Fig. 2. Receiver operating characteristics curves for (A) D-dimer (B) CRP and (C) D-dimer and CRP combined computed through logistic regression.  

Table 3 
Diagnostic performance of D-dimer in the diagnosis of VTE. Values in par
entheses indicate the 95% confidence interval. PPV, positive predictive value; 
NPV, negative predictive value.       

D-dimer (μg/ml) 
cut-off 

Sensitivity (%) Specificity (%) PPV (%) NPV (%)   

> 2.0 80 (61–92) 29 (15–49) 53 (46–61) 60 (38–79)  
> 3 71 (51–85) 50 (34–69) 55 (45–65) 67 (52–79)  
> 4.5 70 (51–85) 40 (24–58) 50 (41–59) 61 (44–76)  
> 11 37 (20–56) 94 (81–99) 84 (57–96) 63 (57–70) 

Table 4 
Diagnostic performance of CRP in the diagnosis of VTE. Values in parentheses 
indicate the 95% confidence interval. PPV, positive predictive value; NPV, 
negative predictive value.       

CRP (mg/dl) cut off Sensitivity (%) Specificity (%) PPV (%) NPV (%)   

> 70 87 (69–96) 49 (31–66) 59 (50–67) 81 (62–92)  
> 130 77 (58–90) 63 (46–79) 64 (45–79) 76 (61–86)  
> 160 67 (47–83) 77 (60–90) 71 (56–83) 73 (61–82)  
> 200 60 (41–77) 89 (73–97) 82 (63–92) 72 (62–80)  
> 245 43 (26–63) 97 (85–99) 93 (64–99) 67 (59–73) 

Table 5 
Predicted probability of VTE for combinations of biomarkers. CRP, C-reactive 
protein. Values indicate the probability (in percentage) of VTE given ranges of 
CRP and D-dimer.           

CRP (mg/dl)  

< 20 21–80 81–160 161–220 221–280  > 280  

D-dimer (μg/ 
ml)  

< 1  9%  12%  20%  32%  45%  73% 
1–4  11%  15%  25%  38%  51%  77% 
5–9  16%  21%  33%  48%  61%  84% 
10–15  29%  36%  52%  67%  77%  92%  
> 15  64%  72%  83%  90%  94%  98% 
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research. Furthermore, the observation that in both the VTE and the no 
VTE group antithrombin levels fall within reference values and fi
brinogen levels are not decreased suggest that disseminated in
travascular coagulation is not the underlying cause of coagulopathy. 

In clinical practice, suspicion of PE usually arises with worsening 
gas exchange or hypoxemia. In our study, however, variables indicating 
hypoxemia were not predictive for VTE. In a sub analysis in COVID-19 
patients with PE, high PEEP was a risk factor for VTE in univariate 
analysis, but this association was lost in the multivariate model. This 
suggests that hypoxemia is not predictive for the development of PE in 
COVID-19 patients, but rather that high PEEP may be an indicator of 
the severity of inflammation. Of note, in this study PE diagnosis was 
based on CT imaging. However, it is suggested that COVID-19 coagu
lopathy may be caused by local thrombotic microangiopathy [7], which 
may not be visible on CT imaging. This could also be an explanation for 
loss of significance. Alternatively, the sub analysis was done in a small 
sample size, which could also have accounted for loss of significance. 

A limitation of this study is the fact that CT imaging was performed 
upon clinical suspicion and not as standard of care, possibly causing 
underdiagnosis of PE. Another limitation is the retrospective design and 
that, as a result, some parameters used in our model were collected 
three days prior to imaging. This may have caused a decrease in sen
sitivity. Also, data collection commenced at ICU admission and not 
from onset of symptoms. 

In conclusion, we constructed a prediction model based on D-dimer 
and CRP, which are widely available biomarkers that can help to differ
entiate between patients with a high and a low risk for VTE. It can be used 
to increase awareness of the possibility of VTE as well as optimize timing 
of imaging for critically ill patients with COVID-19 suspected for VTE. 
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