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KEY POINTS

� Microvascular thrombosis has macrovascular effects, leading to gross organ dysfunction in
COVID-19 infection.

� There is a greater incidence of macrovascular complications such as venous thrombosis, pulmo-
nary embolism (PE), myocardial infarction (MI), and stroke in individuals affected by COVID-19.

� Anticoagulation with unfractionated and low-molecular-weight heparin (LMWH) may be of benefit
to reducing thrombosis if started early in the course of COVID-19 illness.

� Prevention of severe COVID-19 illness is important to avoid thrombotic complications, morbidity,
and mortality.
INTRODUCTION the vasculature of critically ill patients.4 SARS-
m

The COVID-19 pandemic has had devastating ef-
fects on global health, with greater than 220 million
cases and greater than 4 million deaths since
January 2020 reported to theWorld Health Organi-
zation.1,2 Highly transmissible variants risk further
spread. In addition to acute respiratory failure,
COVID-19 has been linked to arterial and venous
thrombosis, especially in those with severe dis-
ease.3 In this review, we summarize data on
COVID-19 thrombotic complications (Central
Figure), delineating the micro- and macrovascular
complications that can lead to acute and chronic
organ dysfunction and treatment protocols that
could lessen the burden of thrombosis.

MECHANISM OF THROMBOSIS IN COVID-19
ILLNESS

Viral pulmonary diseases elaborate inflammatory
cytokines which have prothrombotic effects in
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CoV-2, the virus causing COVID-19 illness, in-
vades endothelial cells causing local complement
activation and inflammation which leads to micro-
vascular thrombosis.5–7 Amplification of inflamma-
tory and microvascular insult eventually leads to
widespread macrovascular thrombotic injury. Pa-
tients with COVID-19 experience both venous
and arterial thrombosis.
MICROVASCULAR THROMBOSIS IN COVID-19

Widespread microthrombosis affecting various or-
gan systems is a potential mechanism for long-
term sequelae after recovery from COVID-19
which requires investigation. Patients with
COVID-19 seem to experience subclinical micro-
vascular thrombosis before developing gross
venous or arterial events.5 One study examining
13 critically ill patients with COVID-19 on mechan-
ical ventilation detected sublingual microthrombi
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Central Figure. COVID-19 infection pre-
disposes patients to microvascular and
macrovascular thrombotic injuries at a
higher incidence than the general popu-
lation. Estimates rounded up. (Compiled
from
references10,11,13,20,21,25–27,29–37,43–45,55.
Courtesy of T Harris, Bronx, New York.)
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using capillaroscopy, despite none of the patients
meeting criteria for diffuse intravascular coagula-
tion.8 Platelet-rich thrombi have been detected in
the pulmonary, renal, cardiac, and hepatic micro-
vasculature, with histopathology indicating
increased presence megakaryocytes, a finding
suggestive of a cytokine-mediated thrombosis.9

PULMONARY MICROVASCULAR THROMBI

Pulmonary injury in patients with COVID-19 may
extend beyond diffuse alveolar disease from acute
respiratory distress syndrome. Autopsy reports,
though limited, demonstrate extensive comple-
ment deposition and diffuse microthrombi pre-
dominantly in the septal capillaries.7,9,10 In a case
series of 31 patients with COVID-19, 25% of those
with elevated D-dimer levels (>1000 ng/mL) had
pulmonary perfusion deficits on computed tomog-
raphy angiography, but only 2 were noted to have
gross pulmonary embolism (PE).10 Patients with
perfusion deficits had higher intensive care unit
(ICU) admission rates (37.5% vs 4.3%, P 5 .043),
higher body mass indices (BMI) (28.85 vs 25.94
P 5 .040), and higher likelihood of severe disease
(50% vs 4.3%, P 5 .01) when compared with pa-
tients without perfusion deficits.10

RENAL MICROVASCULAR THROMBI

The incidence of acute kidney injury (AKI) in pa-
tients with COVID-19 is high, from 9% to 27% in
retrospective studies, and similar to patients who
have other pneumonias.11–13 Many factors
contribute to AKI, but findings from biopsy studies
suggest that it is compounded by microvascular
thrombosis. Autopsies from 6 patients showed
widespread acute tubular necrosis and glomerular
capillary damage from complement activity.11 Viral
inclusions were found in kidney cells supporting
direct infection as a mechanism of localized cell
death and inflammatory response. Renal perfusion
deficits have been observed on imaging, as well.10

Renal biopsy studies, though limited, demonstrate
thrombotic microangiopathy, complement deposi-
tion in the mesangial space, fibrin thrombi in the
glomeruli, and cortical necrosis in patients with se-
vere AKI.14,15 Hypercoagulability, defined as a low
ADMATS13/VWF antigen ratio, was strongly asso-
ciated with worsened AKI and severe illness,
further supporting renal microthrombosis as a
contributory factor to the high incidence of AKI in
patients with COVID-19.16

DERMATOLOGIC AND OPHTHALMOLOGIC
MICROVASCULAR THROMBI

There have been multiple case reports of dermato-
logic and ophthalmologic microvascular throm-
bosis.7,17–19 Patients with pulmonary hemorrhage
on autopsy were also found to have complement
deposition in the dermal microvasculature.7

Inflammation of the dermal microvasculature (chil-
blains) has been reported.17 Interestingly, comple-
ment deposition in skin has also been documented
from patients with COVID-19 who did not exhibit
pulmonary deficits or obvious skin findings.7

There is a singular report of retinal vasculitis in a
child, as well as an autopsy series demonstrating
ocular endothelial cell damage and fibrin micro-
vascular thrombi in severe COVID-19 illness.17,18

However, a larger retrospective cohort study
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found no significant difference when comparing
patients with COVID-19 and controls for vascular
perfusion in the superficial or deep vascular plexus
of the eye, suggesting that it is possible that micro-
thrombi may dissipate with the resolution of dis-
ease or that the eye may be spared in many
instances.19
MYOCARDIAL MICROVASCULAR THROMBI

COVID-19 illness has been associated with
myocardial infarction (MI), myocarditis, and car-
diomyopathy (reviewed in Kite and colleagues’
article, “The Direct and Indirect Effects of
COVID-19 on Acute Coronary Syndromes,” in
this issue). The incidence of MI in patients with
COVID-19 has been estimated to range from
0.33% to 8%.20,21 COVID-19-associated ST-
elevation myocardial infarction (STEMI) has been
well described and is associated with higher mor-
tality compared with STEMI in patients without
COVID-19 infection.22 However, there are few
studies analyzing the extent of microvascular
injury in the myocardium. Autopsies of 7 patients
showed fibrin microthrombi and megakaryocytes
within the myocardial microvasculature in all pa-
tients and 2 had macrovascular myocardial
venous thrombosis.9 In a larger, multi-center au-
topsy study of 21 patients, 4 had fibrin and
platelet microthrombi (PMT) in the myocardial
microvasculature and 3 had fibrin and PMT in
the endocardial microvasculature.23 These results
suggest that patients with severe COVID-19
infection are predisposed to developing myocar-
dial microthrombi. Further studies are necessary
to understand the long-term clinical effects on
cardiac function.
HEPATIC MICROVASCULAR THROMBI

COVID-19 illness is associated with acute liver
injury. Proposed mechanisms of injury are sys-
temic inflammation, hepatic ischemia, drug
toxicity, and hepatic microthrombi, which have
been seen on autopsy.9,24 A series of postmortem
liver biopsies in patients with COVID-19, without
preexisting liver disease or clinical signs of hepatic
failure, found that greater than 50% had sinusoidal
microthrombi and those individuals had 10-fold
higher liver enzyme levels than those who did not
have microthrombi.25 Liver involvement in severe
COVID-19 infection was confirmed in a second au-
topsy series demonstrating hepatic steatosis and
elevated megakaryocytes in hepatic sinusoids,
which were associated with systemically elevated
D-dimer and liver enzyme levels in those
individuals.26
Importantly, 2 types of microthrombi have been
described in hepatic sinusoids: sinusoidal erythro-
cyte aggregation (SEA) and PMT. PMT thrombosis
was associated with significant steatosis as
compared with patients with COVID-19 without si-
nusoidal microthrombosis (79% vs 35%,
P 5 .02).25 Both PMT and SEA thrombosis were
associated with significant neutrophil accumula-
tion in the hepatic sinusoids, illustrating the inflam-
matory component of microthrombotic injury.
Compared with SEA, patients with PMT throm-
bosis were found to have increased incidence of
liver injury.25

Conversely, a third large autopsy series found
minimal microthrombi, with 50% having mild hep-
atitis and 75% with macrovesicular steatosis. He-
patic vascular findings were limited to scarce
nondiffuse vascular abnormalities with 6 patients
showing signs of veno-occlusive disease and 5
patients showing signs of arteriolar muscular hy-
perplasia.27 Of note, in all 3 autopsy studies, stea-
tosis was not associated with obesity or diabetes,
suggesting that hepatic steatosis in these dece-
dents of COVID-19 was not secondary to nonalco-
holic fatty liver disease, but more likely a
consequence of inflammation.25
MACROVASCULAR THROMBOSIS IN
COVID-19

The mechanism of macrovascular thrombosis
seems to be an extension of the proposed mech-
anisms delineating microvascular thrombosis.
Pro-inflammatory mediated cytokine release and
direct endothelial damage activate the coagulation
cascade leading to widespread macrovascular
thrombosis, including PE, deep vein thrombosis
(DVT), stroke, and MI.28
PULMONARY EMBOLISM

COVID-19 has been associated with an increased
incidence of PE ranging from 8.3% to 23%,
depending on the severity of illness, based on
retrospective studies.29–31 In comparison, the inci-
dence of any venous thrombosis in the general
population is 0.1%.32 There is conflicting evidence
that obesity predisposes to developing PE in the
context of COVID-19 and it may depend on the
severity of illness. Male sex and concomitant car-
diovascular disease (CVD) are potentially predis-
posing factors, as well.31 Multiple studies
indicate that patients with PE have higher D-dimer
levels when compared with patients with COVID-
19 without PE, suggesting that D-dimer levels
can be used for diagnostics, prognostic purposes,
and risk stratification.29–31
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In a study of moderate COVID-19, there was a
lower incidence of PE (8.3%) and neither obesity
nor diabetes was predisposing factors.30 Patients
who were treated with anticoagulation,
either prophylactic or therapeutic dose, low-
molecular-weight heparin (LMWH) or subcutane-
ous unfractionated heparin (UFH) before or during
hospitalization, had a significantly lower odds for
developing PE.30 Importantly, PE was more likely
to develop in patients with delayed hospitaliza-
tion.30 Interestingly, in a study of all-comers on
statins predating mild, moderate or severe
COVID-19 illness, treatment resulted in a signifi-
cantly lower odds ratio (OR) of PE; OR: 0.4 [95%,
confidence interval (CI): 0.23–0.75].29 Thus, anti-
coagulation, statins, and modulating the intensity
of the inflammatory response to COVID-19 may
be helpful in avoiding PE in hospitalized
individuals.
VENOUS THROMBOEMBOLISM AND
ARTERIAL THROMBOEMBOLIC
COMPLICATIONS

Multi-center inpatient studies show a 10% to
14.7% incidence of venous thromboembolism in
COVID-19 illness compared with 0.1% of the gen-
eral population, but up to as high as 45.4% in ICU-
level patients.32–35 Many develop asymptomatic
DVT. Some centers only screened symptomatic
patients; thus, the incidence is likely underre-
ported in those studies. Like PE, patients with
COVID-19 with DVT had higher D-dimer
levels.34–36 There were no differences in baseline
sex, age, or BMI of patients with COVID-19 who
developed DVT as compared with those who did
not, in limited studies.34–36 Additionally, DVT was
linked to worse multi-system organ function and
breakthrough from prophylactic anticoagulation.
A large, single-center, retrospective study of

362 patients found an incidence of total venous
and arterial thromboembolic events of 7.7%, but
this number may be underestimated as there
was no surveillance of asymptomatic patients.36

Most of those diagnosed with DVT also had
concomitant PE; nonsurvivors had higher D-dimer
levels.36

A prospective study of 156 COVID-19 positive
inpatients evaluated the incidence of asymptom-
atic DVT. Patients received standard DVT prophy-
laxis of enoxaparin 40 mg per day or bemiparin
3500 IU per day. Of the 156 surveilled, 23 patients
(14.7%) developed DVT with the majority (22/23)
developing distal DVT. Patients who developed
DVT had higher average D-dimer levels than those
without (4527 vs 2050 ng/mL, P < .001).35 There
was no significant difference in obesity, sex, or
age in patients who developed DVT versus those
who did not.35

The incidence of DVT seems higher in critically ill
patients with COVID-19.34 In a retrospective,
single-center analysis of 88 ICU patients receiving
thromboprophylaxis with LMWH, 40 developed
DVT (45.4%).34 In this study, DVT was not associ-
ated with BMI, age, sex, and platelet counts, but
was associated with elevated sequential organ
failure assessment (SOFA) scores (6 vs 4,
P < .001), elevated D-dimer levels (6.4 vs 3.1 mg/
L, P < .02), hypoalbuminemia (28.81 vs 32.39 g/
L, P < .001) and longer duration of illness (34 vs
20 days, P 5 .007). Anatomically, most DVTs
were distal and bilateral.34 Thus, prophylactic
LMWH may be insufficient for the prevention of
DVT in the ICU population.
STROKE

The incidence of stroke in COVID-19 infection is
approximately 1.7%.37 By comparison, the risk
of stroke in the general population is 0.2%.38

Studies point to severe COVID-19 infection or un-
derlying cardiovascular risk factors as highly
contributory to stroke.39,40 In comparison to inci-
dent DVT and PE, there seems to be a stronger as-
sociation of underlying CVD risk factors with
COVID-19-associated stroke.
Retrospective case-control studies have docu-

mented increased stroke in hospitalized COVID-
19 patients, and conversely, more frequent
COVID-19 infection in those hospitalized with
stroke during the time frame of the pandemic.
COVID-19 was more often associated with stroke
in Black individuals in a larger, multicenter anal-
ysis.39 Black individuals with COVID-19 comprised
a greater proportion of stroke cases compared
with noninfected Black controls (44.7% vs
19.6%, P < .0001).39 Conversely, White individuals
with COVID-19 accounted for a smaller proportion
of stroke cases compared with White individuals
without COVID-19 (35.9% vs 56.3, P < .0001).39

Patients with hypertension, type 2 diabetes melli-
tus (T2DM), atrial fibrillation, and congestive heart
failure at baseline were more likely to develop
stroke. Hospitalized patients with COVID-19-
associated stroke had higher mortality rates
(19.4% vs 6.2%, P < .0001), longer hospital stay,
and more frequently had concomitant MI (10.7%
vs 4.6%, P 5 .003).39

From March to April 2020, COVID-19 was more
frequently diagnosed in those with stroke, after
adjusting for age, sex, vascular risk factors, and
underlying comorbidities.41 Patients presenting
with stroke were infected with COVID-19 46.3%
of the time as compared with 18.3% of the time
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for nonstroke patients (P 5 .001).41 Similar data
from a single-center retrospective study support
the observation that severe COVID-19, hyperten-
sion and T2DM are associated with increased inci-
dence of stroke, but in this study, age was a
significant factor as well, with all strokes occurring
in patients greater than 60 years.40 Patients with
COVID-19 infected stroke have poorer outcomes
and prolonged neurologic deficits, with worse
neurologic disabilities at discharge and a higher
incidence of delirium than stroke patients without
COVID-19.42
INTESTINAL VASCULAR COMPLICATIONS

Acute mesenteric ischemia and mesenteric
venous thrombosis are rare complications of
COVID-19, thus, data are limited.43–45 Clinicians
should be vigilant for intestinal thrombotic injury
in the correct context. In a case report, one patient
presented with mesenteric venous thrombosis af-
ter presenting 20 days after the onset of COVID-19
with severe abdominal pain, suggesting prolonged
hypercoagulability in some individuals.45
PREVENTION AND TREATMENT OF
THROMBOSIS IN COVID-19 INFECTION

There is varying evidence on indications, dose,
and efficacy of medical therapy for thrombotic
complications of COVID-19. Studies suggest the
greatest effect in preventing thrombotic injury is
with heparins rather than direct oral anticoagulants
(DOAC).46–49 It is important to note that many
studies are nonrandomized and focus on macro-
vascular rather than microvascular thrombosis.

Heparin has been studied in several randomized
controlled clinical trials in noncritically and critically
ill patients.46,47 Patients were randomized to either
therapeutic doses of UFH or LMWH based on local
dosing protocols or standard thromboprophylaxis.
In noncritically ill patients, therapeutic heparin
increased organ support-free days, defined as the
total number of days without respiratory or cardio-
vascular support, OR: 1.27 (95%CI: 1.03–1.58). Pa-
tients on therapeutic heparin were less likely to die
(OR: 0.72 95%CI: 0.53–0.98). There was a nonstat-
istically significant increase in bleeding (OR: 1.8,
95% CI: 0.9–3.74).46 By comparison, patients with
critically ill COVID-19 on therapeutic anticoagula-
tion did not have a significant improvement in organ
support-free days or mortality. Thrombosis and risk
of major bleeding were similar between treatment
assignments.47 Thus, the optimal window for thera-
peutic anticoagulation may be early in the course of
illness. Accordingly, in a retrospective study looking
at the incidence of PE in patients with COVID-19,
non-ICU level COVID-19 individuals on prophylac-
tic anticoagulation were found to have a lower inci-
dence of PE later in the course of their illness.30

DOACs have also been studied in patients with
COVID-19.48 In a large randomized control trial, pa-
tientswere randomized to therapeutic or prophylac-
tic doses.48 Most received rivaroxaban; however,
unstable patients received enoxaparin and were
later switched to rivaroxaban once stable, while a
minority received UFH. There was no reduction in
the duration of hospitalization or supplemental oxy-
gen, DVT, PE, MI, stroke, or death with therapeutic
anticoagulation and there were no differences
when stratifying for stability. Clinically significant
bleeding events were more common in patients
receiving therapeutic anticoagulation (8% vs 2%,
P5 .001).48

Another large multicenter retrospective study
demonstrated the benefit of anticoagulation with
either warfarin or DOACs (dabigatran, rivaroxaban,
or apixaban) predating COVID-19, supporting the
hypothesis that early anticoagulation is most bene-
ficial in preventing thrombosis during infection.49

Patients in this study were older, more likely to
have hypertension, T2DM, dyslipidemia, and car-
diovascular risk factors; a high-risk group for devel-
oping prothrombotic complications of COVID-19.
Patients who were on therapeutic oral anticoagula-
tion at baseline had less ICU admission, RR 0.45
(95% CI: 0.32–0.62), and lower combined ICU
admission and death, RR 0.72 (95% CI: 0.57–0.9),
after adjustment. Anticoagulation after hospitaliza-
tion did not significantly alter ICU admission or
death in this observational cohort.49 However, this
finding is contradicted by a retrospective study of
hospitalized patients receiving apixaban, enoxa-
parin, or heparin.50 Patients on apixaban at prophy-
lactic or therapeutic doses showed lower adjusted
odds for death OR: 0.46, (95% CI: 0.30–0.71) and
OR: 0.57, (95% CI: 0.38–0.85), respectively, as
compared with patients who were not treated. In
this study, neither prophylactic nor therapeutic
doses of UFH were of benefit. Stratifying by
D-dimer levels indicated that patients with low
levels of less than 1 mg/mL did not benefit from anti-
coagulation therapy. However, patients with
D-dimer � 1 mg/mL had lower mortality on either
enoxaparin at prophylactic doses or apixaban at
prophylactic or therapeutic doses.50

A recent, multicenter, randomized controlled
trial studied the use of antiplatelet and anticoagu-
lation therapy in outpatients symptomatic of
COVID-19. Patients were randomized into one of
the following arms: aspirin 81 mg once daily, apix-
aban 2.5 mg twice daily (prophylactic dosage),
apixaban 5 mg twice daily (therapeutic dosage),
or placebo. Patients were excluded if they were



� Worsening clinical courses such as hypoxia,
acute kidney injury (AKI), rising liver en-
zymes, rising D-dimer levels, or persistent fe-
vers may point to COVID-19 associated
thrombosis.

� Prophylactic anticoagulation in mild infec-
tion or therapeutic anticoagulation with
low molecular weight heparin (LMWH) in
moderate or symptomatic disease may pre-
vent major thrombotic events.

� Antifactor Xa activity monitoring may be use-
ful for guiding the titration of therapeutic
LMWH in COVID-19 infection.

� Early intervention to slow disease progression
may help decrease the risk of associated
thrombosis and should be investigated in
further research.

� Anticoagulation with unfractionated or
LMWH may be insufficient to prevent throm-
bosis in severe COVID-19 infection. Whether
direct thrombin inhibitors are more effective
in this context requires investigation, but
could be considered in the critically ill.

Kankaria et al342
previously hospitalized with COVID-19, had other
indications for anticoagulation, or had recent ma-
jor bleeding events.51 When compared with pla-
cebo, treatment with aspirin and apixaban
showed no reduction in thrombotic events (DVT,
PE, arterial thromboembolism, MI, and stroke).
There was an increased risk of minor bleeding in
patients receiving therapeutic apixaban with an
increased risk difference of 6.9 (95% CI: 1.4–
12.9).51

Anti-platelet agents, including aspirin, P2Y12 in-
hibitors, and dual antiplatelet therapy (DAPT) do
not seem to be beneficial in preventing death or
progression of COVID-19 in small retrospective
studies.52,53 A larger, retrospective, multicenter
study showed that patients who received aspirin
before hospitalization had lower mortality rates,
ICU admission, and need for mechanical ventila-
tion.54 These patients were also more likely to
have underlying medical comorbidities such as hy-
pertension, coronary artery disease, and T2DM.
Current therapeutic guidelines to prevent pro-

thrombotic complications of COVID-19 are limited
by the lack of sufficient randomized control trials of
various anticoagulation and antiplatelet regimens.
Limited data from randomized trials suggest that
early heparin anticoagulation, before progression
to severe COVID -19, may decrease thrombotic
complications and death.30,46,47
SUMMARY

COVID-19 is associated with multi-organ arterial
and venous thrombosis, particularly in individuals
who are older, obese, and living with T2DM. Black
patients appear more predisposed to COVID-19-
associated stroke than White patients. Patients
with COVID-19 can develop asymptomatic DVT.
Prophylactic LMWH may be insufficient for the
prevention of DVT in the ICU population. Anticoa-
gulation with unfractionated and LMWH may be of
benefit to reducing thrombosis if started early in
the course of COVID-19 illness.
Randomized control trials are necessary to delin-

eate themosteffective regimens topreventand treat
thrombotic events from COVID-19 infection. Addi-
tional research on long-term consequences of
microvascular thrombotic injury and organ dysfunc-
tion is required to understand the implications for
survivors. Preventing severe infection remains of
strategic importance in reducingmorbidity andmor-
tality from COVID-19-associated thrombosis.
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53. Banik JM V, Köhler C, Schmidtmann M. Antiplatelet

therapy in patients with Covid-19: a retrospective

observational study. Thromb Update 2021;2.

54. Chow JH, Khanna AK, Kethireddy S, et al. Aspirin

Use is associated with decreased mechanical venti-

lation, intensive care Unit admission, and in-hospital

mortality in hospitalized patients with coronavirus

disease 2019. Anesth Analg 2021;132(4):930–41.

55. Prasitlumkum N, Chokesuwattanaskul R,

Thongprayoon C, et al. Incidence of myocardial

injury in COVID-19-infected patients: a systematic

review and meta-analysis. Diseases (Basel,

Switzerland) 2020;8(4).

http://refhub.elsevier.com/S0733-8651(22)00019-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref36
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref37
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref38
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref39
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref40
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref41
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref42
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref43
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref44
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref45
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref46
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref47
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref47
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref47
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref47
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref48
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref49
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref49
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref49
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref49
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref49
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref50
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref50
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref50
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref50
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref51
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref51
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref51
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref51
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref51
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref52
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref52
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref52
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref52
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref53
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref53
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref53
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref54
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref54
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref54
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref54
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref54
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref55
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref55
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref55
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref55
http://refhub.elsevier.com/S0733-8651(22)00019-4/sref55

	Extracardiac Prothrombotic Effects of COVID-19
	Key points
	Introduction
	illness
	Microvascular thrombosis in COVID-19
	Pulmonary microvascular thrombi
	Renal microvascular thrombi
	Dermatologic and ophthalmologic microvascular thrombi
	Myocardial microvascular thrombi
	Hepatic microvascular thrombi
	Macrovascular thrombosis in COVID-19
	Pulmonary embolism
	Venous thromboembolism and arterial thromboembolic complications
	Stroke
	Intestinal vascular complications
	infection
	Summary
	Disclosure
	Clinics care points
	Acknowledgments
	References


