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Introduction

The coronavirus disease 2019 (COVID-19) is reported to be
associated with a high risk of venous thromboembolism
(VTE), which occurs in approximately 20% of COVID-19
patients and tends to be more common in critically ill
patients.1–4 This incidence is primarily from retrospective
studies, and prospective studies with systematic screening
for VTE will likely show higher incidences. The prevalence of
VTE for COVID-19 patients appeared to be in thehigher range
compared with patients admitted in intensive care units
(ICUs) for other disease conditions.5 A previous meta-analy-
sis including 1,783 critically infected patients showed an
average diagnostic rate of 12.7% (95% confidence interval

[CI]: 8.7–17.5%) for VTE.6 Therefore, it is recommended to
assess the risk of VTE in patients with COVID-19, timely
identify the risk factors for COVID-19 complicated with VTE,
and further reveal its mechanism, so as to facilitate more
effective and in-depth anticoagulant prevention and treat-
ment for high-risk patients.

Mechanisms in Pathogenesis of COVID-19
According to the related studies, COVID-19 appears to
center on the interaction between thrombosis and inflam-
mation, causing a hypercoagulable state through mecha-
nisms unique to the pathogen severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2). First, SARS-COV-2
enters the alveolar epithelium via the angiotensin
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Abstract The coronavirus disease 2019 (COVID-19) is our latest pandemic, preceded by the
H1N1 swine flu in 2009, which lasted approximately 19 months. One of the special
characteristics of COVID-19 is the propensity to cause venous thromboembolism
(VTE). Thromboinflammation seems to play a prominent role in the pathogenesis. We
will here review some mechanisms in the pathogenesis and discuss some hematologi-
cal biomarkers, and also whether they serve as useful risk factors for VTE. The role of
general risk assessment models for medically ill patients specifically in COVID-19 is
appraised. The type of prophylaxis and particularly whether standard or augmented
doses of chemoprophylaxis should be used is reviewed based on available evidence.We
are also comparing recommendations from 10 different guidance or position/consen-
sus statements. Treatment recommendations for patients with COVID-19 and pulmo-
nary embolism are discussed with current general treatment guidelines as reference.
Specifics for patients with COVID-19 are pointed out and the potential role of
thrombolytic treatment is explored.
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converting enzyme 2 (ACE2) receptor, leading to the release
of excessive inflammatory cytokines (interleukin [IL]-6,
tumor necrosis factor, etc.) and chemokines (IL-8, chemo-
kine [C–C motif] ligand [CCL] 2, CCL3, etc.),7,8 which further
leads to the activation of epithelial cells, monocytes, and
neutrophils. Alternatively, endothelial cells can be directly
infected through the ACE2 receptor, leading to endothelial
activation and dysfunction, thereby triggering a coagulation
cascade that generates thrombin and fibrin clot. The acti-
vation of platelets and protease-activated receptor signaling
pathway during the process further stimulates inflamma-
tion, and the interaction between thrombosis and inflam-
mation puts the body in a highly proinflammatory state,
leading to local coagulation lesions.9,10 As studies have
shown, the inflammatory indicator IL-6 is elevated in
most COVID-19 patients, and there is a clear correlation
between IL-6 and fibrinogen levels,11 which further sup-
ports the theory of inflammatory thrombosis.

In addition to triggering dysfunction in pulmonary vessels
that leads to inflammatory thrombosis, COVID-19 infection
can also lead to an overall hypercoagulable state in the body,
leading to macrovascular and microvascular thrombosis. By
causing the overactivation of serum complement, the alterna-
tive pathway and lectin pathway of the complement are
activated and interact with the coagulation pathway.12,13

What’s more, SARS-COV-2 disrupts renin–angiotensin system
via stimulating the ACE receptor, resulting in vasoconstriction
andproinflammatorycytokine release,14whichfurther induce
and exacerbate cytokine storm and trigger systemic inflam-
matory response. Studies have reported that a few patients
with severe COVID-19 infection expressed antiphospholipid
antibodies, for whom there is a possibility of increased risk for
thrombosis.15 Several studies found that most patients with
COVID-19 infection suffered from lymphopenia,2,8,16especial-
ly CD4þ cell reduction, and which is more obvious in severe
patients. The weakening of the immune system will increase
inflammatory response, promote cytokine storm production,
worsen the damaged tissues, and increase risks of VTE.8,17

Thus, standard anticoagulation may be inadequate in many
cases, whichmeans additional or alternative therapiesmay be
needed.18 A large number of ongoing studies on the physiopa-
thology of COVID-19-related clotting diseases may provide
insights into themechanisms that guide appropriate interven-
tion strategies.

General Risk Factors for Thrombosis in COVID-19
According to recent studies, risk factors for VTE in COVID-19
patients include older age, obesity, immobilization, smoking,
or comorbidities, such as prior history of VTE, chronic kidney
disease, malignant tumor, and heart/respiratory failure.19 A
study has reported that male, white, and African American
COVID-19 patients may have more significant hypercoagu-
lability.20 In addition, hypoxia, sepsis, preeclampsia, and
postpartum infection are also common risk factors for VTE
in COVID-19 patients.21,22 In other words, all etiologies that
lead to hemoconcentration, slow blood rheology, and in-
creased viscosity contribute to the formation of VTE
(►Fig. 1).

Obesity as a risk factor is of special interest and it was
recently suggested that adipose tissue may act as a potent
inflammatory reservoir for the replication of SARS-COV-2,
whereby the inflammatory response also will be more
prominent in obese compared with lean patients.23

For critically ill patients, a massive release of inflamma-
tory mediators and the administration of hormones (ste-
roids) and immune globulins may further lead to enhanced
blood coagulation and increase the incidence of thrombo-
embolic disease. Especially in patients with ICU admission,
mechanical ventilation, central venous catheterization, and
surgerymay cause vascular endothelial injury, and the use of
vasopressors, the occurrence of sepsis as well as end-stage
renal failure will certainly increase the risk of VTE.5 Studies
have reported that compared with acute respiratory distress
syndrome (ARDS) patients not secondary to COVID-19, ARDS
patients secondary to COVID-19 have more thrombosis
complications, mainly pulmonary embolism (PE; 11.7 vs.
2.1%, p< 0.008).24

Biological Markers Associated with VTE
Abnormal biomarkers can be taken as a reference in the risk
assessment. Studies have found that abnormal coagulation
parameters in COVID-19 patients are usually associated with
poor prognosis,25 and D-dimer and fibrinogen degradation
products (FDPs) are significantly increased in deaths associat-
edwith COVID-19.26 The VTEgroup of COVID-19 patientswas
different from the non-VTE group in terms of D-dimer level,
neutrophil-to-lymphocyte ratio (NLR), lymphocyte count,
lactate dehydrogenase level, prothrombin time (PT),
etc.3,26,27 A significant increase in D-dimer is a sign of activa-
tion of coagulation and fibrinolysis, and is a good indicator for
identifying high-risk populations with VTE,28 which can be
used as a highly sensitive test but with low specificity for
detection of an active thrombotic process.29A study including
81 critically infected patients with COVID-19 concluded that
D-dimer levels >1,500 ng/mL (normal range: 0.0–0.5 g/mL)
had a sensitivity of 85.0%, a specificity of 88.5%, and a negative

Fig. 1 Risk factors for venous thromboembolism in patients with
COVID-19.
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predictive value of 94.7% for detecting VTE events.30 Another
prospective study reported similar conclusions.31 A meta-
analysis of six Chinese studies showed that themeanD-dimer
level was 0.44 μg/mL higher (95% CI: 0.23–0.66) in patients
with severe versus nonsevere disease, and 5.91 μg/mL higher
in nonsurvivors than in survivors.32 However, it should be
noted that D-dimer can also be elevated in other conditions,
such as pregnancy, postoperatively, malignancy, and sepsis,
which needs to be in accordancewith the actual situation. The
increase of NLR is associated with severe COVID-19 infec-
tion.33 A study reported that the increase of NLR was associ-
ated with the formation of VTE, with an average NLR of 9.5
(5.9–13) in 33 patients who developed VTE and 5 (3.5–7.9) in
165 patients without VTE.34 A reduced lymphocyte count is
common in patients with COVID-19,35 which increases the
risk of thrombosis, that means elderly patients with underly-
ing diseases are more prone to immune dysfunction due to
weakened immunity and so have a higher risk of VTE. In
addition, platelet count, PT, activated partial thromboplastin
time (aPTT), antithrombin, fibrinogen, FDP, and other related
coagulation parameters can provide a reference for thrombo-
sis tendency.36 For example, several studies have found that
prolonged PT in COVID-19 patients may be related to the
severity of the disease and mortality.2,26,37 In the above-
mentioned meta-analysis of Chinese studies, the mean PT
was marginally, albeit significantly, longer in severe versus
nonsevere cases (mean difference: 0.65 second; 95% CI: 0.36–
0.95 second) and in nonsurvivors versus survivors (mean
difference: 1.23 seconds; 95% CI: 0.60–1.85 seconds).32 Pro-
longed aPTT and increased FDP are also very common in
COVID-19 patients.25 However, these indicators should be
considered on the basis of actual situation, and their indepen-
dent indicator role needs to be further confirmed.38 Point-of-
care analysis using viscoelastic methods (thromboelastogra-
phy or rotational thromboelastometry) has been suggested as
a rapidly available indicator of a hypercoagulable and/or
hyperfibrinolytic state, especially in the ICU setting.39–41

The clot formation time and the maximum clot firmness
appeared to be particularly useful parameters and probably
associatedwith elevatedfibrinogen levels and in turn possibly
with deposits of microthrombi in lung vessels.40,41

It should be noted that the biological indicators can
indicate thrombosis, but cannot predict hypercoagulability.
Ultrasound imaging can be used for monitoring and screen-
ing in combination with clinical signs and biological indica-
tors of thrombosis, so as to enable early preventive
anticoagulant therapy.19,42 Given the high incidence of VTE
in COVID-19 patients, the study and analysis of the mecha-
nism and etiology of COVID-19 are of great significance for
prevention and treatment.

Prophylaxis against Venous Thromboembolism in
COVID-19

High Incidence of Venous Thromboembolism
Early reports from Wuhan, China,27 the Netherlands,43

France,44 and Italy45 provided alarming information on
a high incidence of VTE in hospitalized patients with

COVID-19. In a systematic review of the literature with 20
studies identified, Di Minno et al noticed a large variability in
recorded incidence of VTE—from 3.3 to 100%.46 The highest
incidence (100%hadPE)was seen in an autopsy study,47 but in
another autopsy study it was 58%.48 In nine nonautopsy
studies where all patients had been examined with ultraso-
nography of the leg veins or with computed tomography of
pulmonary arteries, the incidence ranged from 15 to 85%
(►Fig. 2). In 10 studies where all patients received deep vein
thrombosis (DVT) prophylaxis, the incidence ranged from 8 to
69%. In11 studieswhereall patientswere in a critical careunit,
the incidence ranged from 8 to 85%.

A scoping review of the literature reported that among 11
eligible studies approximately 20% of a total of 1,765 patients
were diagnosed with VTE, although the cumulative inci-
dence during hospitalization reached 49%.1 Furthermore,
3% of patients in this review had an ischemic stroke. System-
atic screening for DVT or PE was only performed in three of
the 11 studies, so the true incidence might be higher.
Nevertheless, the incidence of VTE is unusually high in
most of these studies. In three Dutch hospitals, the incidence
of VTE for all hospitalized patients with COVID-19 (n¼ 579),
despite universal prophylaxis, was 18.7% (95% CI: 14.0–23.4)
compared with 1.04% (95% CI: 0.92–1.16) in 27,980 patients
hospitalized for influenza during 2013 to 2018.49

Application of Risk Assessment Models
In►Table 1, four commonly used risk assessment models are
shownwith the components that would apply formost of the
patients admitted with COVID-19 pneumonia. In two of the
four models (Geneva and Padua),50,51 the patients would
automatically qualify for VTE prophylaxis by quickly adding
up to a high risk score. In the IMPROVEDD model, only those
admitted to a critical care unit would automatically achieve
thehigh risk score.52However,manyof the patientswill have
additional risk factors, rendering them even higher scores,
such as age >60 years (Geneva, IMPROVE, and IMPROVEDD)
50,52,53 or body mass index (BMI) >30 kg/m2 (Geneva and
Padua).50,51 Interestingly, in a comparison of the Geneva,
Padua, and IMPROVE models, the former two had similar
discrimination, whereas with the IMPROVE model a higher
proportion of patients were classified as having low risk for
VTE.54 The authors proposed that the threshold for low risk
should be lowered to <2, but alternatively the IMPROVEDD
model that adds a twofold elevation of D-dimer can be
used.52 A recent consensus statement published in this
journal recommended using the Padua or IMPROVE model
to assess risk of VTE in patients with mild or moderate
COVID-19.19 The vast majority of patients admitted to the
hospital with this infection are now quite severely ill, due to
the lackof capacity. Thus, it can be concluded that all patients
admitted with COVID-19 qualify for VTE prophylaxis based
on this assessment of risk.

What Type of Prophylaxis Should Be Used?
The vastmajorityof studies published onprophylaxis against
VTE in COVID-19 have used low-molecular-weight heparin
(LMWH). Compared with unfractionated heparin (UFH), it
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has the advantages of once-daily injection with a reduced
contamination risk for the staff, more predictable pharma-
cokinetics with less binding to plasma proteins, particularly
to acute-phase reactants, and a lower risk for heparin-
induced thrombocytopenia. Compared with oral antithrom-
botic agents, LMWH can be administered to patients who are
unable to swallow or are vomiting. Some drugs that are used
as antiviral agents (lopinavir and ritonavir) are likely to
increase the levels of the nonvitamin K antagonist oral anti-
coagulants (NOACs) via inhibition of P-glycoprotein (P-gp) or
of themicrosomal enzyme CYP 3A4, and the same pertains to
azithromycin via P-gp inhibition.55,56 These drugs do not
interact with LMWH. Furthermore, heparins have an anti-
inflammatory effect, which might be advantageous for
patients with profound inflammatory response reactions.

In an early report from Wuhan, analyzing 449 consecutive
patients that had been treated from January 1 to February 13,
2020, 99 patients had been treated for at least 7 days with
heparin, mainly with prophylactic-dose LMWH.57 Whereas
there was no difference in overall 28-day mortality, there
was a reduction in mortality for patients with D-dimer above
sixfold theupper limit ofnormal (i.e., above3.0 μg/mL) (32.8 vs.
52.4%, p¼ 0.017). The same effect was seen when selecting
patients with sepsis-induced coagulopathy score of �4 (40.0
vs. 64.2%, p¼ 0.029). There could, however, have been a con-

founding effect by other treatments given to the patients who
received LMWH.

A subsequent study from New York did not demonstrate a
reduced mortality while in hospital for those receiving
therapeutic anticoagulation versus those whowere not anti-
coagulated (22.5 vs. 22.8%).58 In a subgroup analysis of 395
patients requiringmechanical ventilation, themortalitywas,
however, reduced for those on therapeutic anticoagulation
(29.1 vs. 62.7%). After adjusting for age, sex, ethnicity, BMI,
atrial fibrillation, hypertension, type 2 diabetes, heart fail-
ure, use of anticoagulation prior to admission, and date of
admission, the proportional hazards model resulted in a
hazard ratio (HR) for death of 0.86 per day (95% CI: 0.82–
0.89) with therapeutic anticoagulation. Adjustments were
not made for antiviral therapies. It is not clear what anti-
coagulants were used in the therapeutic group and what
prophylactic dose—if any—was given to the comparator
group.

Another study from the New York City health system
during a partially different time period and with different
authors analyzed the outcomes in 3,772 hospitalized and
ambulatory-managed patients according to whether they
were on therapeutic anticoagulation, antiplatelet agents, or
nothing (for unrelated reasons) at the time of diagnosis of
COVID-19.59 The crude incidence of overt thrombosis was
1.2% for those on anticoagulation, 2.1% for those on anti-
platelet agents, and 1.0% for those on nothing. After propen-
sity matching with adjustments for age, sex, race, Charlson
Comorbidity Index, and obesity, when comparing those on
anticoagulation with those without any antithrombotic
agent at diagnosis, the HR for all-cause mortality was 1.03
(95% CI: 0.72–1.47). For need for mechanical ventilation or
admission to the hospital, the corresponding results were
HR: 1.24 (95% CI: 0.81–1.90) and HR: 0.99 (95% CI: 0.76–
1.30), respectively.

It thus appears fromthelargerobservational studies that no
clear benefit can be derived from therapeutic anticoagulation.

What Dose of LMWH Should Be Used?
A few published observational studies have presented data
on outcomes according to dose of LMWH given. The data are
summarized in►Table 2. A small cohort of patients treated in
critical care units at two French hospitals demonstrated a
reduced risk for VTEwithout any difference inmortalitywith

Fig. 2 Reported incidence of venous thromboembolism in hospital-
ized patients with COVID-19 according to different selection criteria.
Data are from 20 studies included in a meta-analysis.46 Each dot
represents the mean incidence in one study.

Table 1 Risk assessment models for venous thromboembolism applied to any patient with COVID-19

Geneva50 Padua51 IMPROVE53 IMPROVEDD52

Hypercoagulable state¼ 2 Reduced mobility (3 d)¼ 3 Immobilization >1 d¼ 1 Immobilization >1 d ¼1

Respiratory failure¼ 2 Heart/respiratory failure¼ 1 Stay in ICU or CCU¼ 1 Stay in ICU or CCU¼ 1

Acute infection¼ 2 Acute infection or rheumatologic
disorder¼ 1

D-dimer> 2� ULN

Immobilization (<30min/d)¼ 1

Σ¼ 7 Σ¼ 5 Σ¼ 2 Σ¼ 2þDD

High risk (�3) High risk (�4) Low risk (0–2) High risk

Abbreviations: CCU, coronary care unit; ICU, intensive care unit; ULN, upper limit of normal.
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therapeutic versus prophylactic dose, but no adjustments
were made for potentially confounding factors.44

In the updated analyses by Klok et al of 184 patients
treated in the ICU of three Dutch hospitals, a competing risk
modelwith adjustment for risk of deathwas used to estimate
the risk of the composite outcome of symptomatic PE, DVT,
ischemic stroke, myocardial infarction, and systemic arterial
embolism.60 For the 17 patients already on long-term thera-
peutic anticoagulation before admission versus the remain-
ing 160 patients who received prophylactic doses, the HR for
the composite outcome was 0.29 (95% CI: 0.091–0.92). All-
cause mortality was, however, not reduced (►Table 2).

In an Italian retrospective cohort study of 324 consecutive
patients admitted to two medical wards, the main objective
was to analyze the risk of bleeding with increased intensity
of anticoagulant prophylaxis.61 Of the 324 patients, 240
received standard prophylaxis and 84 were managed with
intermediate or therapeutic doses. There was a statistically
significant increase in the latter group for the composite of
major and clinically relevant nonmajor bleeding (HR: 3.89;
95% CI: 1.90–7.97), without any benefits regarding VTE or
survival (►Table 2). Adjustments had beenmade for age, sex,
Padua prediction score, renal function, COVID phenotype,
concomitant antiplatelet therapy, antibiotics, and proton
pump inhibitors.

A large cohort of 3,239 patients at 67 centers in the
United States, with critical COVID-19 illness and admission
to ICU, has recently been analyzed regarding anticoagulant
treatment and thrombosis, bleeding, and death.62 The
results were presented at the International Society on
Thrombosis and Haemostasis 2020 Congress in a late-
breaking oral session. Only the results regarding survival
were shown and included in the abstract (►Table 2). The
authors modeled the analysis to imitate a randomized trial
between prophylactic and therapeutic doses of anticoagu-
lation started within the first 2 days in the ICU. Adjustments
were made for age, sex, BMI, D-dimer level (all four being
independent predictors for VTE), and other nonspecified

confounders. It is possible that many in the prophylactic-
dose group had the treatment escalated on day 3 or 4 in the
ICU, which in that case could have diluted any differences in
outcome.

Colleagues from Milan, Italy, recently discussed the rela-
tive rarity of DVT as compared with the frequently found
filling defects in pulmonary vessels.63 The authors speculate
that a prophylactic dose of LMWH protects the patients
against DVT but neither this nor a therapeutic dose might
be effective in preventing pulmonary thrombi caused by
severe inflammation and vascular damage. On the other
hand, the occurrence of multisite thrombi simultaneously
and without relation to indwelling catheters is frightening
and may entice many clinicians to use therapeutic regimens
for prophylaxis.

In conclusion, these data do not support the use of higher
doses of anticoagulant prophylaxis than those routinely used
for other medically ill patients. Randomized trials will be
necessary to provide evidence of high quality regarding the
best prophylactic regimen and, indeed, more than a dozen
such studies are currently recruiting patients.

What Do the Guidance or Position Papers Say Regarding
VTE Prophylaxis?
In the absence of any results from randomized trials and
mainly data from small observational studies, it is obvious
that formal clinical practice guidelines have not been formu-
lated yet. All guidance documents or position papers agree
that essentially every patient admitted with COVID-19
should receive prophylaxis with preferably LMWH
(►Table 3).64–72 A few documents state that in the case of
high bleeding risk chemoprophylaxis should not be used
and/or that mechanical prophylaxis instead is recom-
mended. Several documents suggest that intermediate doses
be considered for patients with additional risk factors and
most do not suggest therapeutic anticoagulation for any
patients unless they have been diagnosed with VTE. Prophy-
laxis for patients treated at home is rarely discussed and

Table 2 Effect of prophylactic versus therapeutic-dose low-molecular-weight heparin on COVID-19 outcomes

Authors Setting Therapeutic
dose,
N; VTE, n (%)

Prophylactic
dose, N;
VTE, n (%)

p-Value Therapeutic
dose, N;
death, n (%)

Prophylactic
dose, N;
death, n (%)

p-Value

Llitjos
et al44

ICU, 2 centers 18; 10 (56) 8; 8 (100) 0.03a 18; 2 (11) 8; 1 (12) n.s.

Klok et al60 ICU, 3 centers 17; 3 (18) 167; 65 (41) 0.11a Long-term therapeutic versus
prophylactic: HR: 0.79 (95% CI:
0.35–1.8)

n.s.

Pesavento
et al61

Medical ward,
2 centers

240; 6 (2.5)b 84; 3 (3.6) n.s. 240; 27 (11) 84; 14 (17) n.s.

Al-Samkari
et al62

ICU, 67
centers

Not reported Not reported HR: 1.12 (95% CI: 0.92–1.35)c n.s.

Abbreviations: CI, confidence interval; HR, hazard ratio; ICU, intensive care unit; n.s., not significant; VTE, venous thromboembolism.
aFisher’s exact test.
bPatients in this group received either intermediate (8%) or therapeutic (92%) doses.
cPatients receiving therapeutic anticoagulation first 2 days in ICU versus patients who did not.
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Table 3 Suggestions or recommendations regarding VTE prophylaxis in various guidance documents or position/consensus
statements

Society,
authors, and
ref

Not admitted Admitted to hospital Post-
dischargeaProphylactic-

dose LMWH
Prophylactic-
dose LMWH

Intermediate-
dose LMWH

Therapeutic-
dose LMWH

Mechanical
prophylaxis

ISTH, Thachil
et al64

Not discussed All patients – – Not discussed

ISTH, Spyro-
poulos et al65

Not discussed All patients,
modified for
extreme body
weight, severe
thrombocyto-
penia, or se-
vere renal
failure

May be
considered,
especially for
high-risk
patients

– Should be
considered on
top of LMWH

All patients
that meet high
risk for VTE
criteria,14–30
days

SFMV, Khider
et al66

If VTE risk fac-
tors present:
7–14 days

All patients – – – No

SISET, Marietta
et al67

Not discussed All patients Consider on
individual ba-
sis if multiple
VTE risk fac-
tors involved

Not supported Contraindica-
tion to antico-
agulants

Patients with
persisting VTE
risk factors,
7–14 days

ASH web site68 Not discussed All patients;
LMWH rather
than UFH

For obesity as
per local
protocols

Only in ran-
domized trials

– Consider as per
individual risk
factors

SEDAR-SEMI-
CYUC, Llau
et al69

Not discussed All patients For mechanical
ventilation, D-
dimer/fibrino-
gen/ferritin
4� ULN or
platelet
count> 500 -
� 109/L

Consider if he-
modynamic in-
stability, re-
fractory hyp-
oxemia, or
suspected VTE

– Not discussed

Anticoagula-
tion Forum,
Barnes et al70

Not discussed All patients Critically ill,
extreme high
weight, third
trimester of
pregnancy

– Contraindica-
tion to antico-
agulants or
critically ill

Selected cases,
6–14 days

Grupo de Tra-
bajo de Trom-
bosis Cardio-
vascular de la
Sociedad Espa-
ñola de Cardi-
ología, Vivas
et al71

Not discussed All patients 2 or more of
(CRP >15, D-
dimer> 3�
ULN, IL-6> 40,
ferri-
tin> 1,000,
lympho-
cytes< 0.8)
Previous VTE,
ischemic arte-
riopathy, cen-
tral venous
catheter, or D-
dimer> 6�
ULN

2 or more of
(CRP> 15, D-
dimer> 3�
ULN, IL-6> 40,
ferri-
tin> 1,000,
lympho-
cytes< 0.8)
Previous VTE,
ischemic arte-
riopathy, cen-
tral venous
catheter, or D-
dimer> 6�
ULN

– Not discussed

Swiss consen-
sus statement
by the Working
Party Hemo-
stasis, Casini
et al72

Not discussed All patients – – – Not discussed

Not discussed Not discussed
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postdischarge prophylaxis is suggested by half of the docu-
ments for patients at continued high risk for VTE, typically
only for 1 to 2 weeks. The latter issue was addressed in a
quality-improvement program in the United Kingdom,
where the postdischarge rate of VTE was 4.8 per 1,000
discharges in 1,877 patients with COVID-19 versus 3.1 per
1,000 discharges in 18,519 patients with medical illness in
2019, corresponding to an odds ratio of 1.6 (95% CI: 0.77–
3.1).73 The benefit of postdischarge prophylaxis therefore
seems doubtful, at least for the majority of patients with
COVID-19.

Treatment of Venous Thromboembolism: What
Changes in COVID-19 Compared with the
Recommendations for the General Population?

The Choice of the Right Anticoagulant
General recommendations: Anticoagulation treatment is the
mainstay of therapy for every patient with acute VTE.
Especially in the case of PE, current guidelines emphasize
that anticoagulation should be initiated already upon clini-
cal suspicion in patients with high or intermediate clinical
(pretest) probability, while awaiting the results of diagnos-
tic imaging tests.74 If the parenteral route is preferred for
initiation and acute-phase treatment, subcutaneous,
weight-adjusted therapeutic-dose LMWH is the first choice,
while subcutaneous fondaparinux or intravenous infusion
of UFH may be used as an alternative.74,75 In most countries,
UFH infusion is nowadays only preferred in the case of
hemodynamic instability (high-risk PE) and need for emer-
gency reperfusion treatment, or in patients with extreme
obesity or severely reduced renal function (creatinine clear-
ance< 30mL/min). In patients with DVT, and in the vast
majority (>95%) of patients with PE who are hemodynami-
cally stable at presentation, anticoagulation can also be
started directly via the oral route, using one of the NOACs:
apixaban or rivaroxaban. In any case, i.e., regardless of the
decision in favor of, or against a lead-in phase of parenteral
treatment, NOACs (apixaban, rivaroxaban, edoxaban, or
dabigatran) are preferred over vitamin K antagonists
(VKAs) for chronic oral treatment and secondary prophy-

laxis.74,76 The strong recommendation in favor of NOACs is
in line with the one for stroke prevention in atrial fibrilla-
tion77 and is based on the solid evidence supporting the
efficacy and comparative safety of these drugs during
chronic use. Of note, NOACs are either not recommended
or formally contraindicated in severe renal impairment, in
patients with the antiphospholipid antibody syndrome, and
during pregnancy and lactation. The European Heart
Rhythm Association regularly updates a practical guide
for the use of NOACs in clinical practice, and for the
management of emergency situations that may occur dur-
ing the use of these drugs.78

What changes in patients with COVID-19 infection? While
theaboveprinciples and recommendationsonanticoagulation
for acute VTE also fully apply to patients with COVID-19,
several disease-specific, clinically important issues need to
be considered in this setting.

• First, it has been established, based on numerous cohort
studies, that both the risk of coagulation abnormalities in
the laboratory35,56 and that of clinically confirmed
VTE30,44,45,60,79,80 increase with the severity of infection
with SARS-CoV-2. In fact, and in contrast to other RNA-
type viruses such as Ebola, which predispose to bleeding,
acute infection with SARS-CoV-2 mostly results in a
prothrombotic state.81 It is thus to be expected that
many of the patients with COVID-19, who are diagnosed
with VTE (particularly acute PE), will have severe infec-
tion or be in a critical condition.19 In the remaining,
“stable” patients, the possibility of rapid cardiorespira-
tory deterioration and multiple organ failure needs to be
taken into account. Because of this, initiation of anti-
coagulation via the parenteral route, using LMWH (or
intravenous UFH in the presence of overt hemodynamic
instability) appears preferable for the majority of hospi-
talized patients; transition to a NOAC can take place in
the recovery phase, as soon as the patient’s condition is
stabilized.

• For patients with COVID-19 receiving intravenous UFH
infusion, dose adjustments based on anti-Xa level moni-
toring may be preferable to aPTT measurements due to

Table 3 (Continued)

Society,
authors, and
ref

Not admitted Admitted to hospital Post-
dischargeaProphylactic-

dose LMWH
Prophylactic-
dose LMWH

Intermediate-
dose LMWH

Therapeutic-
dose LMWH

Mechanical
prophylaxis

Thrombosis
and Haemo-
stasis Consen-
sus Statement,
Zhai et al19

If high risk for
VTE, by using a
RAM

All patients
unless
contraindi-
cated

If high risk of
bleeding

Persistent risk
of VTE, LMWH
preferred

Abbreviations: ASH, American Society of Hematology; CRP, C-reactive protein; IL-6, interleukin 6; ISTH, International Society on Thrombosis and
Haemostasis; LMWH, low-molecular-weight heparin; RAM, risk assessment model; SEDAR-SEMICYUC, Sociedades científicas de Anestesiología-
Reanimación y Terapéutica del Dolor and Medicina Intensiva, Crítica y de Unidades Coronarias; SFMV, French Society of Vascular Medicine; SISET,
Italian Society on Thrombosis and Haemostasis; UFH, unfractionated heparin; ULN, upper limit of normal; VTE, venous thromboembolism.
aThe criteria for increased risk of VTE typically quoted are body mass index> 30 kg/m2, age> 70 years, active cancer, personal history of VTE, major
surgery within the last 3 months, and reduced mobility.

Thrombosis and Haemostasis

Venous Thromboembolism in COVID-19 Schulman et al.

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.



the heterogeneity in the response of the latter to heparin,
which may be expected in this setting.81,82

• In patients treated with a NOAC, monitoring of renal
function is clearly indicated during the acute phase.
Besides, one should be aware of possible interactions
with experimental treatment for COVID-19. While agents
tested early in the course of the epidemic, notably lopi-
navir/ritonavir and hydroxychloroquine/azithromycin,
offered the potential for interactions with NOACs via
cytochrome P450 and/or P-gp inhibition,56 no significant
risks appear to exist in this regard with the agents
currently under investigation. Nevertheless, precise
knowledge of the patient’s disease-specific (standard or
experimental) medication is mandatory before deciding
in favor of a specific anticoagulant.

• The frequent presence and detection of antiphospholipid
antibodies in patients with COVID-19, particularly those
who are in critical condition, is an alarming fact, the
medical relevance of which remains obscure at this stage.
Following an early report on three critically ill patients
with anticardiolipin immunoglobulin A (IgA) and anti-β2-
glyoprotein IgA and IgG, who suffered multiple cerebral
infarctions,15 a series from China found that antiphos-
pholipid antibodieswere common (only) in critical illness
related to COVID-19, being positive in 31 out of the 66
patients studied; of the 13 patients in noncritical condi-
tion, none tested positive.83 In another retrospective
series of 25 patients from France, 32% exhibited single
positivity, 52% double positivity, and 12% triple positivi-
ty.84 The development of antiphospholipid antibodies in
association with acute or chronic viral disease has been
described in the past,85 and persistence over time appears
to be an important determinant of their association with
clinical thrombotic events. Consequently, longitudinal
studies are urgently needed to examine the temporal
pattern(s) of the kinetics of antiphospholipid antibodies
in patients with COVID-19, and to draw conclusions to
support anticoagulant treatment decisions. Until such
data become available, uncertainty persists whether anti-
phospholipid testing should routinely be performed be-
fore initiating treatment with a NOAC in a patient
recovering from COVID-19, in view of the concerns on
the efficacy and safety of these drugs in this context.86,87

Although no evidence-based recommendations can be
made to this date, it seems wise to perform initial and
(in the case of positivity) follow-up antiphospholipid
antibody testing in patients who were critically ill in
the acute phase of the infection, particularlywhen change
of the anticoagulant to a NOAC is envisaged.

• Finally, andasalreadymentionedabove,VKAsare generally
no longer the preferred anticoagulant in patients with VTE.
In the setting of COVID-19, the need for frequent contacts
with health care providers (and other patients) related to
anticoagulationmonitoringmakes these drugs an even less
attractive option, with the exception of specific clinical
circumstances such as the presence of mechanical pros-
thetic valves or the antiphospholipid syndrome.

Further Antithrombotic Treatment Options and
Integrated Risk-Adjusted Strategies
General recommendations: Systemic intravenous thrombol-
ysis/fibrinolysis is recommended as first-line reperfusion
treatment with acute PE and hemodynamic instability
(high-risk PE). In the case of contraindications to thrombol-
ysis, mostly related to a high bleeding risk, or if thrombolytic
agents have been administered but failed, emergency surgi-
cal pulmonary embolectomy and percutaneous catheter-
directed treatment represent rescue options. At the other
end of the severity spectrum, patients with low-risk PE
should be considered for immediate (or early) discharge
and continuation of anticoagulation treatment at home, if
proper outpatient care and anticoagulant treatment can be
provided.74 An integrated risk-adjusted treatment strategy,
recently proposed in the updated guidelines of the European
Society of Cardiology and the European Respiratory Society,
is shown in ►Fig. 3.

What Changes in Patients with COVID-19 Infection?

• The COVID-19 pandemic generated new interest in fibri-
nolytic agents and their possible merits in treating severe
infection with SARS-CoV-2, not only in patients with PE
but also in those without confirmed PE.82 The rationale
lies, at least theoretically, in the massive inflammatory
reaction and cytokine stormwhich characterize the infec-
tion and lead tofibrin deposition in the air spaces and lung
parenchyma, thus aggravating the course of ARDS.88

Targeted use of fibrinolytic agents such as alteplase,
preferably in nebulizer form, appears worthy of further
investigation; on the other hand, the bleeding risks of
systemic fibrinolytic treatment preclude its broader use
in the context of COVID-19 beyond the indication of high-
risk PE already mentioned above. Furthermore, there is at
present no clinical evidence to support early fibrinolytic
treatment as a means of preventing transition of acute PE
to chronic thromboembolic pulmonary disease.89

• Guideline recommendations aim not only at optimizing
specific treatment options for individual patients, but also
at rationalizing the use of resources of hospitals and
national health care systems. This is an important reason
why guideline recommendations, such as those briefly
outlined above, should be followed during a pandemic,
and it definitely also applies to risk-adjusted treatment of
VTE during the COVID-19 pandemic.90 For patients with
high-risk and (in selected cases) intermediate-risk PE,
setting up multidisciplinary “PE response teams” helps to
streamline treatment decisions, taking into account the
availability of expert personnel and technical resources at a
given institution and a given moment in time, in depen-
dence of the burden imposed by a COVID-19 outbreak. For
patients with low-risk PE, immediate or early discharge
should strongly be encouraged to protect the patients
themselves from hospital-acquired superinfections as
well as health careworkers and other patents from becom-
ing infected, and to increase thehospital’s capacity in terms
of bed availability for (more) seriously ill patients.
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Conclusion

The SARS-COV-2, via its specific pathogenic mechanisms,
promotes a strong inflammatory response with release of
cytokines, chemokines, and cell activation. Through inter-
actions between inflammation, complement activation, and
coagulation, a hypercoagulable state is generated. In addition
to the well-described increase in D-dimer as a potential
biomarker for VTE, the NLR has also shown association.
Other coagulation tests might add information but have to
be understood in the context of the severe illness.

The reported incidence of VTE in patients with COVID
varies widely between studies, even when filtered for spe-
cific study characteristics. Risk assessment models may be
used to support decisions on prophylaxis, but for the gener-
ally severely ill patients with COVID-19 who are admitted to
the hospital, almost all patients should receive chemopro-
phylaxis or, in the case of high risk for bleeding, mechanical
prophylaxis. The most commonly recommended and used
prophylaxis agent is LMWH. For admitted patients, receiving

experimental antiviral treatments, the interaction between
some of those and NOACs may result in very high plasma
levels of the latter. There is so far almost no clinical evidence
supporting prophylaxis with therapeutic doses of heparin,
and the possibility of increased risk of bleeding has to be
taken into account. Some guidance or position documents
render support for VTE prophylaxis in patients who are
treated at home and for postdischarge prophylaxis in the
case of additional risk factors for VTE, such as obesity, old age,
reduced mobility, previous VTE, or active cancer. For these
patients, NOACs have advantages over VKA and LMWH.

Treatment of VTE should follow generally accepted prin-
ciples. Since the risk of VTE seems to increase with the
severity of COVID-19, many of the patients diagnosed with
VTE will have or be at risk for multiorgan failure. Parenteral
anticoagulation is therefore preferred for those patients.
Adjustments of the UFH dose can be problematic with
aPTT due to unpredictable test results in severely ill patients.
The role of fibrinolytic agents, particularly in nebulized form,
deserves to be investigated further for possible benefit

Fig. 3 Proposed risk-adjusted management of patients with acute pulmonary embolism, including those infected with SARS-CoV-2. CTPA, computed
tomography pulmonary angiography/angiogram; PE, pulmonary embolism; PESI, Pulmonary Embolism Severity Index; RV, right ventricular; sPESI,
simplified Pulmonary Embolism Severity Index; TTE, transthoracic echocardiogram.1 Cancer, heart failure, and chronic lung disease are the comorbidities
included in the PESI and sPESI.2 A cardiac troponin test may already have been performed during initial diagnostic work-up (e.g., in the chest pain unit).
Troponin is proposed as the preferred biomarker, because it is the only one to have been used in an interventional trial.91 3It is also included in the Hestia
criteria.92 (Adapted from Konstantinides et al74 with permission from Oxford University Press.)
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against pulmonary microthrombosis or PE. A multidisciplin-
ary PE response team can be very beneficial also during the
COVID-19 pandemic to assist with difficult treatment
decisions.
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