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Coronavirus disease 2019 (COVID-19), an infectious respira-
tory disease sustained by the β coronavirus called severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was originally identified in the Chinese town of Wuhan

(Hubei province) at the end of the 2019.1 The infection,
which started as a local outbreak, then progressively spread
all around the world, assuming the final connotation of a
pandemic, causing already over 5.4 million deaths up to the
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Abstract The clinical course of coronavirus disease 2019 (COVID-19) is often complicated by the
onset of venous thrombosis and thromboembolism (VTE), encompassing also pulmonary
thrombosis. Recent statistics attests that the cumulative frequencyof VTE canbeas high as
30% in COVID-19 hospitalized patients, increasing to nearly 40 to 70% (depending on
systematic screening) in those with severe illness, mechanical ventilation, or intensive care
unit admission. The risk of venous thrombosis seems mostly limited to the active phase of
disease, and is directly associated with some genetic (i.e., inherited prothrombotic
predisposition) anddemographical factors (male sex, overweight/obesity), disease severity
(risk increasing progressively from hospitalization to development of severe illness, being
thehighest in patients needingmechanical ventilation and/or intensive care), presence and
extent of pulmonary disease, coexistence ofmultiple risk factors (immobilization,mechan-
ical ventilation, co- or superinfections), along with increased values of inflammatory and
thrombotic biomarkers. At least three different phenotypes of pulmonary thrombosismay
develop in COVID-19 patients, one caused by typical embolization from peripheral venous
thrombosis (e.g., deep vein thrombosis), a second type triggered by local inflammation of
nearby pulmonary tissue, and a third one mostly attributable to the prothrombotic state
consequent to thepronouncedsystemic inflammatory response (i.e., the so-called cytokine
storm) that is frequently observed in COVID-19. Although the pathogenesis of these three
conditions has different features, their discrimination is essential for diagnostic and
therapeutic purposes. The prognosis of COVID-19 patients who develop pulmonary
thrombosis is also considerably worse than those who do not, thus probably needing
frequent monitoring and more aggressive therapeutic management.
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end of December 2021 according to the official statistics of
the John Hopkins University.2

What has now become rather clear after 2 years of COVID-
19 and research into the pathogenesis of this severe infec-
tious disease, is that SARS-CoV-2, unlike its predecessors
SARS-CoV-1 and Middle-East respiratory syndrome corona-
virus (MERS-CoV), is highly infective (the effective reproduc-
tion number of novel variants is up to 5, meaning that one
single infected person can infect up to 5 healthy people),3 can
also be spread from asymptomatic and presymptomatic
people,4 and, even more importantly, may progress far
beyond the upper and lower respiratory tracts, thus becom-
ing a life-threatening systemic disorder.5

Among the various biologic and metabolic pathways that
can be progressively disrupted and impaired by SARS-CoV-2,
direct cytopathic cell injury and sustained inflammation are
the main drivers of most COVID-19 complications.6 A sec-
ondary aspect of COVID-19 is that important evidence has
accumulated that SARS-CoV-2 may be responsible for a
specific form of immunothrombosis (and/or thromboin-
flammation), which can be defined as active involvement
of the innate immune system in fostering thrombus genera-
tion through different and almost distinct cellular and mo-
lecular pathways, originally triggered by recognition of
pathogens and damaged cells,7 whose pathogenesis has
been comprehensively described elsewhere.8–10 This pecu-
liar immune response may be clearly regarded as a kind of
“Janus Bifrons,” since it workswell as conserved evolutionary
defense for preventing or attenuating pathogen dissemina-
tion (mostly by entrapping the virus inside blood clots),11

while can also be responsible for a kaleidoscope of throm-
botic events within human blood vessels.12

Frequency of Venous Thromboembolism in
COVID-19

Systemic venous thromboembolism (VTE) is rather frequent
in patients with SARS-CoV-2 infection. A series of system-
atic literature reviews and meta-analyses have estimated
that thrombotic episodes can be observed with especially
high frequency in COVID-19 patients with severe illness. Di
Minno et al originally estimated that the cumulative fre-
quency of VTE in all COVID-19 patients was 31.3%, that of
deep vein thrombosis (DVT) was 19.8% and that of pulmo-
nary embolism (PE) was 18.9%, respectively.13 In a subse-
quent meta-analysis, Liu et al concluded that the
cumulative incidence of VTE in hospitalized COVID-19
patients was 28%, increasing to 38% in those with severe
illness, with cumulative frequency of DVT and PE of 18.3
and 17.6%, respectively, in all COVID-19 patients, increasing
to around 22% in those with severe illness.14 The risk of
developing venous thrombosis was found to be dramatically
increased in COVID-19 patients needing intensive care unit
(ICU) admission and systematically screened for VTE, as
shown by Jenner et al, who concluded that the overall VTE
prevalence may increase up to 70%, with nearly 56% of all
thrombotic episodes attributable to DVT and 18% to PE,
respectively.15 The risk of developing DVT and PE was found

to be especially higher during the first week after receiving
a diagnosis of SARS-CoV-2 infection according to the na-
tionwide Scottish analysis published by Ho et al.16 In this
article, the risk of both DVT and PE was confirmed to be
considerably enhanced (by 13- to 35-fold) in COVID-19
patients who required hospitalization than in those who
did not. As predictable, the outcome of COVID-19 patients
with VTE can beworse than that of thosewithout, as evidence
by themeta-analysis of Kollias et al (odds ratio [OR] for death:
2.1;95%confidence interval [95%CI], 1.2–3.6).17Asspecifically
concerns patients admitted to the emergency department
(ED),Miró et al performed a comprehensivemulticenter study
involving62SpanishEDs,18andreportedthat thestandardized
incidence of PE patients diagnosedwith SARS-CoV-2 infection
was nearly ninefold higher compared with the non-COVID-19
population (310 vs. 35 cases per 100,000 person-years; OR,
8.95 and 95% CI, 8.51–9.41).

In an interesting population study performed in Northern
California by Roubinian et al,19 the authors compared the
frequency of VTE in COVID-19 patients and in the general
population, concluding that the cumulative risk of thrombosis
was 47% higher in patients with COVID-19, and such risk was
mostly seen during hospitalization, but then decreased after
hospital discharge. Cumulatively, the 30-day incidence of
VTE was found to be almost threefold higher in patients
with SARS-CoV-2 infection than in those without (i.e., 4.7 vs.
1.6 VTE episodes per 1,000 individuals). Even comparing
the incidence of VTE episodes in patients hospitalized for
COVID-19 or for influenza, the cumulative risk of thrombotic
events is substantially magnified in thosewith the former. For
example, Stals et al reported that the risk of VTEwas between
two- and threefold higher in patients with SARS-CoV-2 infec-
tion compared with those with influenza virus infection,
further increasing to 4.4- to 8.4-fold in those staying in the
ICU.20 It is also important to mention here that the risk of
venous thrombosis seems to be mostly limited to the active
phase of disease. In the study of Engelen et al,21 485 patients
hospitalized for COVID-19 were followed-up for 6 weeks.
Although elevated D-dimer values were noted in nearly one-
third of all patients after hospital discharge (42% in those
discharged from the ICU), the prevalence of DVT and PE was
1.4% (0.7% for both DVT and PE).21 This is in keeping with
findings published by Ramos-Martínez et al,22 who reported
that VTE contributed only around 5% of all hospital readmis-
sions after recovering fromCOVID-19, far behind the twoother
most frequent causes (�54% pneumonia and �12% bacterial
infection, respectively). Li et al performed also a large cohort
study, including2,832adult patientswithCOVID-19whowere
followedup for 3months afterhospital discharge.23Overall, 36
of such patients (1.3%) developed VTE episodes on follow-up
(16PE, 18DVT, and2portalvein thrombosis, respectively). The
likelihood of developing VTE decreased over time, while
significant predictors of postdischarge thrombosis were a
positive history for venous thrombosis (OR, 3.24; 95% CI,
1.34–7.86), persistently elevated D-dimer values (> 3g/L:
OR, 3.76; 95% CI, 1.86–7.57), and increased predischarge
concentration of C-reactive protein (> 10mg/dL: OR, 3.02;
95% CI, 1.45–6.29), while therapeutic anticoagulation at
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discharge was associated with nearly 80% lower risk of devel-
oping VTE (OR, 0.18; 95% CI, 0.04–0.75).

The rate of VTE episodes seems also exceptionally high in
children and adolescent diagnosed with COVID-19. In the
study of Whitworth et al,24 including over 800 children and
adolescents with asymptomatic SARS-CoV-2 infection,
symptomatic COVID-19, and multisystem inflammatory
syndrome in children, the rate of thrombosis was as high
as 6.5% in the latter cohort, but was also slightly higher than
2% in children with symptomatic SARS-CoV-2 infection as
opposed to 0.7% in thosewith asymptomatic infection. Major
predictors of thrombosis were age>12 years, presence of
active cancer, central venous catheters, and high D-dimer
values.

A direct and strong support to this epidemiological data
emerges from postmortem studies, which investigated the
burden of pulmonary thrombosis in patients who died with
(or for) SARS-CoV-2 infection. The most important of such
investigations has been performed by Carsana et al, at the
beginning of the COVID-19 outbreaks inNorthern Italy.25 The
analysis of lung tissues collected from38 deceased COVID-19
patients revealed the presence of platelet-fibrin thrombi in
the vast majority (i.e., 87%), frequently associated with
inflammatory infiltrates, presence of megakaryocytes in
lung capillaries, and mural fibrosis. Lung histopathology
studies performed by Wichmann et al in 12 patients who
died of COVID-19 also revealed that thromboembolic com-
plications were rather frequent (present in up to 60% of
cases), with isolated DVT and massive PE present in 25 and
33% of all patients.26 Bussani et al also published a systematic
postmortem analysis of 41 patients who died of COVID-19,27

emphasizing that the extensive alveolar damage present in
all patients was accompanied in the vast majority of cases
(over 70%) by micro- and macrovascular thrombosis. Nota-
bly, blood clots appeared in different organizational stages
within the pulmonary vessels, consistent with the hypothe-
sis of local origin and growth. Important evidence that
COVID-19 is a vascular disease also emerged from the study
of Ackermann et al,28where lungs of seven patientswho died
of COVID-19 were autopsied and compared with those of
patients who deceased for acute respiratory distress syn-
drome (ARDS) secondary to H1N1 Influenza virus infection.
The main histopathological features in COVID-19 lungs were
suggestive for the presence of vascular disease, including
endothelial injury associated with intracellular virus, dis-
rupted cell membranes, as well as widespread thrombosis
with microangiopathy. Notably, the rate of alveolar capillary
microthrombiwas ninefold higher in COVID-19 than inH1N1
influenza tissues. Lungs of patients who died of COVID-19
also showed an amount of new vessel growth—mainly
through a mechanism of angiogenesis—that was found to
be nearly threefold higher than in the lungs of patients who
died of influenza.

Predisposing Factors of VTE in COVID-19

Another important aspect that needs to be highlighted, is
that not only the onset of VTE is relatively high in patients

with SARS-CoV-2 infection, and is then associated with ad-
verse outcome, but also a personal history of venous throm-
bosiswas found to be a significant predictor of VTE in the large
population study (over 300,000 participants) of Anderson
et al.29 The evidence that a positive history of venous throm-
bosis may influence the clinical outcome of COVID-19 is
reinforced by data emerged from a genome-wide association
study performedbyPathaket al,30which identified asmanyas
27 genes potentially associated with hospitalization of
patients with SARS-CoV-2 infection, many of these related
to coagulation pathways or inflammation and, most notably,
associated with coagulation factor VIII (FVIII) and clinical
phenotypes of VTE (e.g., ABO, IFNAR2, and CCR1).

The possible contribution of other conditions to increase
the risk of PE in patients with SASR-CoV-2 infection has been
also explored in the study of Gómez et al,31which concluded
that such risk was nearly 60% higher inmales, nearly fourfold
higher in patients needing mechanical ventilation, and
threefold higher in those admitted to the ICU. These findings
were confirmed in another meta-analysis, which found that
sex (male sex: OR, 1.49; 95% CI, 1.26–1.76), elevated body
mass index (> 30: OR, 1.37: 95% CI, 1.03–1.82), use of
mechanical ventilation (OR, 3.34; 95% CI, 1.90–5.86), ICU
admission (OR, 2.65; 95% CI, 1.48–4.74), along with presence
of severe parenchymal abnormalities (OR, 1.92; 95% CI, 1.43–
2.58) were predictive factors of developing PE.32 The pres-
ence and extent of pulmonary disease was confirmed to be
an important factor in enhancing the risk of developing
pulmonary thrombosis in the recent work of Elmokadem
et al,33 who showed that higher pulmonary severity score
(based on assessment of interstitial opacity and air trapping)
was associated with substantially enhanced risk of develop-
ing thromboembolic complications (OR, 2.6; 95% CI, 1.3–5.3).

Pulmonary (In Situ) Thrombosis, Pulmonary
Embolism, or Both?

Beside the evidence emerged from postmortem studies,
which has already been discussed in an earlier part of this
article, the considerable burden of thrombosis within the
lung tissue of patients with severe SARS-CoV-2 infection has
been underpinned in the study of Morris et al,34 where the
authors found a significant reduction in the percentage of
blood vessels with cross-sectional area (between 1.25 and
5mm2) in patients with COVID-19. Such reduction, which
reflects the presence of severe microcirculatory disruption,
was associated with significantly higher odds of intubation
(OR, 3.20; 95% CI, 1.55–6.63), death (OR, 5.58; 95% CI 1.54–
20.1), or both (OR, 2.54; 95% CI, 1.15–5.60).

These findings lead the way to important reflections on
the pathogenesis of COVID-19, which specifically concerns
the origin and type of thrombosis observed in the lung of
patients with (especially) severe SARS-CoV-2 infection. The
so-called “in situ” pulmonary thrombosis has been for long
considered a rare, almost ephemeral phenomenon, whereby
the vast majority of thrombotic pulmonary episodes have
been attributed to embolization of thrombi generated in
other venous districts (especially the lower limbs).35

Seminars in Thrombosis & Hemostasis Vol. 49 No. 1/2023 © 2022. Thieme. All rights reserved.

Pulmonary Thrombosis in COVID-19 Lippi, Favaloro 29

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



However, already in the pre-COVID era it has been hypothe-
sized that a certain number of pulmonary thrombotic epi-
sodes may occur primarily “in situ,” as consequence of
abnormalities in lung structures and/or pulmonary injuries
leading to local inflammation and vascular dysfunction (e.g.,
pulmonary trauma, radiation therapy, lung blast injury,
pulmonary infections, Behcet’s disease, among others).36

Several lines of evidence garnered from studies on the
pathogenesis of SARS-CoV-2 infection converge now to
unmask intriguing scenarios in the pathogenesis of pulmo-
nary thrombosis, where development of blood clotsmay also
occur primarily within the lung vasculature. It is now almost
undeniable that the strong inflammatory state triggered and
sustained by the viral infection and the consequent host
immune response are important triggers of hemostasis
activation, involving both primary and secondary hemosta-
sis.37 This is not really unexpected or unpredictable, as
megakaryocytes are normally present in the lung tissue,
and their number and activity seem both increased in
patients with ARDS, thus actively contributing to the patho-
genesis of COVID-related lung injury.38 Evidence that SARS-
CoV-2 infection may also directly cause microvascular dis-
ease has been clearly confirmed by laboratory and imaging
studies, revealing that the von Willebrand factor/ADAMTS-
13 (a disintegrin and metalloproteinase with thrombospon-
din type 1 motif) balance is often impaired in patients with
severe COVID-19 illness,39 and that “visible” pulmonary
arterial thrombosis is often absent at pulmonary dual-ener-
gy computed tomography angiography evaluation.40

Importantly, Wang et al have recently shown that many
thrombotic lesions in patients with COVID-19 originate in
vessels aroundwhich the local inflammation is sustained and
severe.41Nonetheless, segmental or subsegmental thrombo-
sis could also be observed in nonconsolidation areas of the

lung, whose formation is thus perhaps attributable to hyper-
coagulability triggered by systemic rather than local inflam-
mation. It can hencebe concluded that at least three different
phenotypes of pulmonary thrombosis may develop in
COVID-19 patients, one due to classical embolization from
peripheral venous thrombosis (e.g., DVT), a second type
directly triggered by local inflammation of nearby infected
pulmonary tissue, and a third one mostly attributable to the
prothrombotic state consequent to pronounced systemic
inflammatory response and noninfective cellular stress
(i.e., the so-called cytokine storm) even outside pulmonary
areas with active viral replication (►Fig. 1). This last type of
thrombi is not exclusively found in the lungs, but may also be
frequently observed in extrapulmonary tissues of patients
who died of COVID-19, especially in the heart, brain, liver,
spleen, and kidneys.42 Although the pathogenesis of these
three types of blood clots is seemingly different (►Fig. 1),
their differentiation is essential since the diagnostic and
therapeutic approaches will be considerably different. For
example, in situ pulmonary thrombosis does not associate
with DVT (except when both conditions independently
coexist), so that lower limb ultrasonography would be
most often inconclusive. Moreover, it cannot be discounted
that hemodynamic deteriorationmayalso be partially driven
by mechanical ventilation.43 The risk of developing lung
injury in patients with SARS-CoV-2 infection undergoing
mechanical ventilation has been recently summarized in the
meta-analysis of Belletti et al,44 who estimated that the
frequency of barotrauma was as high as 15%, with over
60% associated mortality. Since this type of diffuse lung
injury fosters the release of many inflammatory mediators,
it is hence not surprising that the adoption of lung-protective
ventilation strategies may help reduce the risk of developing
unfavorable outcomes.45,46

Fig. 1 Pathogenesis of pulmonary thrombosis in coronavirus disease 2019 (COVID-19).
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Conclusion

Several lines of evidence now attest that the cumulative
frequencyof VTE can be as high as 30% in patients hospitalized
for COVID-19, increasing to nearly 40 to 70% (depending on
systematic screening) in thosewith severe illness, mechanical
ventilation, or ICU admission (►Fig. 2). Such risk seems to be
almost limited to the active phase of disease, and is directly
associated with some genetic (i.e., inherited prothrombotic
predisposition) and demographical factors (male sex,
overweight/obesity), disease severity (risk increasing progres-
sively from hospitalization to development of severe illness,
being the highest in patients needing mechanical ventilation
and/or intensive care), presence and extent of pulmonary
disease and coexistence of multiple risk factors (immobiliza-
tion, mechanical ventilation, co- or superinfections), along
with increased values of inflammatory and thrombotic bio-
markers (►Table 1). At least three different phenotypes of
pulmonary thrombosis seem to develop in COVID-19, as
described in►Fig. 1, displaying different pathogenetic mech-

anisms. The prognosis of COVID-19 patients who develop
pulmonary thrombosis is also considerably worse than those
who do not, thus probably needing frequent monitoring and
more aggressive therapeutic management.

Nonetheless, some gray zones remain, and which would
require further scrutiny. These include, for example, which
thrombophilic factors may be more strongly associated with
the risk of developing venous thrombosis in patients with
severe SARS-CoV-2 infection. Preliminary studies, such as
that published by de la Morena-Barrio et al, provided incon-
clusive evidence on this matter.47 It is now widely known
that the local and systemic proinflammatory state found in
many COVID-19 patients represent per se such a high
prothrombotic condition that additional triggers may be
perhaps unnecessary for fostering thrombosis. Nonetheless,
it has been suggested that screening for inherited thrombo-
philia may help identifying patients at higher risk of devel-
oping more severe forms of VTE and/or in situ pulmonary
thrombosis.48 Then, the contribution of additional pro-
thrombotic risk factors such as lipoprotein(a),49 lupus anti-
coagulant,50 and antiphospholipid antibodies,51 would need
to be more extensively assessed, since their active participa-
tion to the pathogenesis of COVID-19-associated coagulop-
athy may require specific treatments for reducing the risk of
unfavorable outcomes.

The most appropriate anticoagulant and/or antiplatelet
therapy throughout the clinical course of COVID-19
(i.e., from symptom onset to ICU admission) is an additional
area of uncertainty, since several guidelines have been
published, but not always provided overlapping
indications.52–54
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