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Dear Editor,

The coronavirus disease 2019 (COVID-19) has emerged as a 
pandemic of unprecedent proportions, overwhelming world-
wide healthcare organizations. The complex pathophysiolog-
ical mechanisms of SARS-CoV-2 pulmonary infection and 
their impact on cardiovascular system are rapidly evolving, 
shedding lights on the role of “pro-thrombotic state” in criti-
cally ill patients. Indeed, elevation of lactate dehydrogenase, 
D-dimer and fibrin degradation products, thrombocythemia 
and prolonged thrombin time are common findings, sug-
gesting that cytokine storm leads to coagulation cascade 
activation and disseminated intravascular coagulation (DIC) 
in severe COVID-19 patients. Emerging evidences, com-
ing from small post-mortem studies, seem to support a link 
between virus infection and thrombotic complications, with 
pathological evidence of high rate of pulmonary micro-
thrombosis. Moreover, areas of diffuse alveolar hemorrhage 
may be found, as final consequence of coagulation factors 
depletion and DIC.

The mortality rate of patients admitted to Intensive Care 
Unit (ICU) is nowadays up to 30%, requiring a careful 
assessment of thrombotic and bleeding risk in order to set 
a real fit-tailored treatment. Recently, several observational 
studies investigated the prevalence of thrombotic compli-
cations in COVID-19 patients admitted to ICU (Table 1). 
Klok and colleagues analyzed 184 critically ill ICU patients 
with confirmed COVID-19 pneumonia, a selected popula-
tion at high risk of thrombotic complications [1]. Despite all 
patients received antithrombotic treatment (at least thrombo-
prophylaxis regimen), they found a remarkable cumulative 

incidence of thrombotic complications (31%) in this popula-
tion. Of note, pulmonary embolism was the most common 
cause (81%), followed by other venous thromboembolic 
(VTE) and arterial thrombotic events. This high rate of 
thrombotic complications in severe COVID-19 is of utmost 
importance, although current recommendations suggest only 
prophylactic dose of heparin once daily. On the other hand, 
systemic and multiorgan involvement in advanced phases 
of COVID-19 pneumonia may lead to renal failure, liver 
dysfunction, thrombocytopenia and coagulation disorders, 
which increase bleeding hazard.

Lodigiani et al. described a cohort of patients in a single 
center ICU in Italy, of which 8/48 (16.7%) developed throm-
boembolic complications (including VTE, ischemic stroke, 
and acute coronary syndrome), although all patients received 
heparin treatment [2]. A multicenter French study of 150 
COVID-19 patients admitted to ICU found a prevalence 
of thrombosis of 43%, despite prophylactic or therapeutic 
heparin treatment [3]. Thomas et al. investigated a cohort 
of 63 COVID-19 patients from a tertiary center in United 
Kingdom and found that the cumulative incidence estimate 
of VTE events was 27% (95% confidence interval 10–47%) 
and arterial thrombosis 4% (95% CI 1–12%) [4]. Baseline 
characteristics, heparin treatment and thrombotic complica-
tions of studies investigating the prevalence of thrombotic 
complications in critically ill patients with COVID-19 are 
summarized in Table 1 [2–4].

However, in real clinical practice, facing COVID-19 
pneumonia and its related VTE events, thrombotic risk 
assessment should be carefully adjusted and counterbal-
anced with bleeding risk. To this regard, Padua Prediction 
Score (PPS), which was developed to predict VTE events 
in hospitalized medical patients, may be supportive in deci-
sion-making process of optimal heparin treatment (con-
ventional prophylaxis doses versus therapeutic regimen) in 
severe COVID-19 patients. As shown in the Fig. 1, a PPS of 
4 or more identifies patients at high risk of VTE. The predic-
tive ability of PPS has recently been evaluated in a cohort of 
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1.026 hospitalized patients with confirmed COVID-19 [5]. 
High-risk patients with PPS ≥4 were older and more prone 
to be admitted to ICU (12% in PPS ≥4 versus 1% in PPS <4; 
OR 12.82, 95% CI 5.00–32.91; p < 0.0001) or to undergo 
mechanical ventilation (14% in PPS ≥4 versus 1% in PPS 
<4; OR 13.17, 95% CI 5.56–31.19; p < 0.0001) than low-risk 
patients. Moreover, mortality rate was higher in COVID-19 
patients with PPS ≥4 [5].

Dealing with lights and shadows of this pandemic and 
uncertainties regarding optimal anti-thrombotic strategies, a 
one-size-fits-all strategy cannot be applied in patients admitted 
to ICU and an individualized approach should guide the com-
plex management of these patients in a fine balance between 
ischemic and bleeding complications. Thrombotic hazard 
should be counterbalanced with bleeding risk, especially in 
advanced stages of COVID-19 disease. Further studies are 
warranted to develop or validate novel prediction systems, 
aiming to guide the challenging and fast-evolving manage-
ment of COVID-19 critically ill patients.

Author contributions All authors contributed to the study conception 
and design.

Funding None.

Compliance with ethical standards 

Conflict of interest The authors have no conflicts of interest to declare.

Statement of human and animal rights This article does not contain 
any studies with human participants performed by any of the authors.

Informed consent For this type of study, formal consent is not required.

Table 1  Main characteristics of studies enrolling critically ill patients with COVID-19

a Regimens differed between centers and doses increased over time

Klok et al. (n = 184) [1] Lodigiani et al. (n = 61) [2] Helms et al. (n = 150) [3] Thomas et al. (n = 63) [4]

Age (years)—mean 64 (SD 12) 61; IQR (55–69) 63; IQR (53–71) 59 (SD 13)
Male sex (%) 139 (76%) 49 (80.3%) 122 (81.3%) 44 (69%)
Body weight (kg, SD) 87 (16) BMI ≥30 in 17/57 (29.8%) n.a 88 (20)
Active cancer (%) 5 (2.7%) 2 (3.3%) 9 (6.0%) 1 (2%)
Therapeutic anticoagulation at 

admission (%)
17 (9.2%) 2 (3.3%) n.a 1 (2%)

Invasive mechanical ventilation (%) n.a n.a 150 (100%) 52 (83%)
Heparin treatment (%)
 Prophylactic 184 (100%)a 59/61 (96.7%) 105 (70%) 63 (100%)
 Therapeutic 0 2/61 (3.3%) 45 (30%) 0

Median D-dimer (mg/L) n.a n.a 2.27 [1.16–20.0] 394 [122–3627]
Thrombotic complications
 Pulmonary embolism 25 (13.6%) 2/48 (4.2%) 25 (16.7%) 5 (7.9%)
 Other venous thromboembolic 

events
3 (1.6%) 6/48 (12.5%) 3 (2.0%) 1 (1.6%)

 Arterial thrombotic events 3 (1.6%) 4/48 (8.3%) 4 (2.7%) 2 (3.2%)

Fig. 1  Padua Prediction Score (PPS) for venous thromboembolic 
risk assessment. Assigning 1–3 points to each determinant, a score 
≥4 identifies patients at high risk of thromboembolic complications. 
MI myocardial infarction, VTE venous thromboembolism, BMI body 
mass index
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