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Alterations in the coagulation system related to COVID 
infection still represents a challenge for clinicians in every 
day practice despite the growing number of investigations 
on this topic, and some issues (i.e., timing and doses of anti-
coagulants, risk stratification of the hemorrhagic/thrombotic 
risk in each patient) remain to date to be completely under-
stood [4–6].

Coagulation disorders are not peculiar to COVID disease 
since thrombotic complications and hematologic manifesta-
tions (in primis thrombocytopenia) were reported also in 
SARS-CoV-1 and MERS-CoV disease [7], though the lat-
ter viral diseases have been less extensively investigated. In 
COVID infection, alterations in the coagulation system are 
detectable in all patients, independently of disease severity 
which itself does influence the degree and extension of coag-
ulation disorders, particularly thrombotic events. This is why 
every physician in charge of a COVID patient has to assess, 
on admission and serially on hospital course, the functional 
state/alterations of the coagulation system and eventually 
to rule out thrombotic events by screening ultrasound. Pul-
monary embolism has been described as a frequent throm-
botic event, often in the absence of detectable deep venous 
thrombosis (DVT) [1], suggesting pulmonary thrombosis, 
secondary to vascular damage, rather than embolism [8]. 
This arises questions, so far not answered, on the most effi-
cacious antithrombotic treatment in these patients and, more 
importantly, on the role of pulmonary thrombosis/embolism 
in causing acute respiratory failure or just contributing to it.

COVID infection attacks the coagulation system mainly 
through an immuno-triggered thrombo-inflammation sup-
ported by both an endotheliopathy and a hypercoagulability 

state. The endothelium seems to play a pivotal role in induc-
ing the procoagulant state since COVID-19-related proin-
flammatory cytokines induce an endothelial injury resulting 
in the release of ultralarge von Willebrand factor multimers 
(ULVWF) involved in primary hemostasis and the overex-
pression of tissue factor [7,9,10]. No patient is spared. The 
phenomenon may be aggravated by other clinical factors 
including hypoxemia (secondary to ARDS), hyperthermia 
(with activation of platelets and coagulation), and/or hypo-
volemia (mainly secondary to diarrhea).

The more severe the COVID disease the more promi-
nent coagulation disorders. Hypoxemia (secondary to 
ARDS) may also shift the basal antithrombotic and anti-
inflammatory phenotype of the endothelium towards a pro-
coagulant and proinflammatory phenotype. It also induces 
vasoconstriction and reduced blood flow aggravates itself an 
endothelial dysfunction.

Several lines of evidence indicate D-dimer as a marker of 
a hypercoagulable state in patients with COVID infection, 
though a cut-off has not be established yet. The complex 
relationship between degree of systemic inflammatory acti-
vation, consequent hypercoagulable state and prognosis may 
be highlighted by the association between elevated D-dimer 
and severity of COVID-19 [11–14]. Moreover D-dimer on 
admission greater than 2.0 µg/mL (fourfold increase) could 
effectively predict in-hospital mortality in patients with 
COVID-19 [15] and increased D-dimer levels have gained 
particular attention as a predictor of the development of 
acute respiratory distress syndrome (ARDS), the need for 
admission to an intensive care unit (ICU) or death.

The relationship between coagulopathy, as an effect 
of systemic inflammatory activation, and outcome is not 
surprising since it has been reported also in other disease 
states such as sepsis. The peculiarity of COVID infection 
seems to be that as disease severity increases, the incidence 
of thrombotic complications, which may involve both the 
venous and the arterial systems, increases. A recent analysis 
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from a French group showed that the rate of thromboembolic 
complications in 150 COVID19 patients with ARDS was 
much higher (11.7%) than what observed in a historical con-
trol group of non-COVID-19 ARDS patients (2.1%) despite 
anticoagulation [16]. Obviously, estimation of incidence is 
deeply affected by deep venous thrombosis screening pro-
tocol adopted in each hospital (clinical and/or routine ultra-
sound). Indeed, while in a Dutch study symptomatic DVT 
showed a cumulative rate of 27% in 184 critically ill patients 
[17], a higher incidence (25%) was reported in a Chinese 
ICU with a routine VTE screening [18].

To date, all available evidence is consistent with an 
hypercoagulable state induced by COVID disease which par-
allels systemic inflammatory storm and translates into “dam-
age” (that is thrombotic events) more frequently in severe 
states. This underscores the clinical need for an appropriate 
therapeutic regimen. In the lack of prospective trials, the 
choice between thromboprophylaxis and “aggressive throm-
boprophylaxis” is still to be considered on individual basis. 
Current recommendations of the Italian Society on Throm-
bosis and Haemostasis state that all patients (including non-
critically ill) who require hospital admission for COVID-
19 infection should receive prophylactic dose LMWH, 
unless contra-indications (active bleeding and low platelet 
count) [19]. Data on the effect of thromboprophylaxis are 
still scarce and trials are still ongoing. In a retrospective 
analysis of 499 severe COVID patients [20], low molecular 
weight heparin (LMWH) or unfractionated heparin (UFH) 
at prophylactic doses were associated with a reduced 28-day 
mortality in selected severe COVID-19 patients, that is 
those with sepsis-induced coagulopathy (SIC) score ≥ 4 or 
D-dimer levels > sixfold the upper limit of normal.

As he tries to orientate himself in the growing amount 
of published papers, the physician of all specialties should 
bear in mind just a few messages for the management of a 
COVID patient (independently of disease severity) [21,22]. 
Firstly, the assessment and monitoring of the coagulation 
state by few biochemical parameters, in primis D-dimer and 
platelet count. Their clinical significance primarily relies on 
their dynamic variations, more than their absolute values. 
Secondly performing a DVT screening on admission, and, 
subsequently, on clinical suspicion. Thirdly, to assess in the 
single patient, the hemorrhagic/thrombotic profile, taking 
into account disease severity, preexisting conditions (i.e., 
chronic atrial fibrillation) and acute organ dysfunction (i.e., 
acute renal failure). This would lead to a tailored anticoagu-
lant therapy.

More severe patients, as those on extracorporeal mem-
brane oxygenation support, have not been so extensively 
investigated to date. In these patients characterized by a high 
hypercoagulable state due to disease severity (and despite 
therapy), screening should be more accurate as well as moni-
toring coagulation to prevent bleeding events.
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