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Abstract

Coronavirus disease (COVID-19) is caused by the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
andis responsible for the ongoing 2019-2020 pandemic. Ve-
nous thromboembolism (VTE), a frequent cardiovascular
and/or respiratory complication among hospitalized pa-
tients, is one of the known sequelae of the illness. Hospital-
ized COVID-19 patients are often elderly, immobile, and
show signs of coagulopathy. Therefore, it is reasonable to
assume a high incidence of VTE among these patients. Pres-
ently, the incidence of VTE is estimated at around 25% of
patients hospitalized in the intensive care unit for COVID-19
even under anticoagulant treatment at prophylactic doses.
In this review, we discuss present knowledge of the topic,
the unique challenges of diagnosis and treatment of VTE, as
well as some of the potential mechanisms of increased risk
for VTE during the illness. Understanding the true impact of
VTE on patients with COVID-19 will potentially improve our
ability to reach a timely diagnosis and initiate proper treat-
ment, mitigating the risk for this susceptible population dur-
ing a complicated disease. ©2020S. Karger AG, Basel

Introduction

Since December 8, 2019, a cluster of cases of “pneumo-
nia of unknown origin” in humans, associated with the
Huanan Seafood Wholesale Market, has been reported in
Wuhan, China. The disease, which is the third coronavi-
rus infection [1], is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and was named
coronavirus disease 2019 (COVID-19) by WHO [2].

Up to April 17, 2020, over 2 million patients were in-
fected and more than 135,000 died in 213 countries [3].

Upon initial recognition, patients can be asymptom-
atic carriers or have a range of symptoms with a presenta-
tion resembling pneumonia, showing mainly fever,
cough, fatigue, and dyspnea [4-7]. Several recent studies
suggest a hypercoagulable state in patients presenting
with COVID-19. Laboratory findings show high CRP,
leukopenia, lymphocytopenia, mild thrombocytopenia,
prolonged PT, high D-dimers, and high fibrinogen levels
early in the disease course, which may be complicated by
low fibrinogen later on in severe cases [8-10]. Imaging
shows bilateral pneumonia in about 75% of patients [5,
6], but can also show other patterns such as ground glass
opacities, patchy shadowing, and consolidation [6, 9].
The diagnosis is confirmed with a real-time protein chain
reaction (RT-PCR) assay [5, 6, 9].

karger@karger.com
www.karger.com/aha

© 2020 S. Karger AG, Basel

il
Karger~

Shir Tal

Cardiology Department, Rabin Medical Center
39 Ze’ev Jabotinsky Street

Petah Tikva 49100 (Israel)

shir_hazan @yahoo.com



The differential diagnosis is wide. Respiratory infec-
tions such as influenza and other flu-like upper respira-
tory viral diseases, bacterial pneumonia, and COPD ex-
acerbation all commonly present during winter time, co-
inciding with the emergence of the pandemic. In addition,
cardiovascular morbidity such as heart failure and venous
thromboembolism (VTE) may lead to respiratory distress
symptoms resembling COVID-19.

VTE is the third most frequent acute cardiovascular dis-
ease, following myocardial infarction and stroke, with an
annual incidence rate of 39-115 per 100,000 population for
pulmonary embolism (PE) and an incidence rate of 53-162
per 100,000 population for deep vein thrombosis (DVT)
[11]. It is the cause of over 100,000 deaths annually and is
considered the most preventable cause of death in hospi-
talized patients in the USA [12]. There is a somewhat high-
er incidence of VTE among hospitalized patients, which is
more in high-income countries compared to low- and
middle-income countries (3.3 vs. 3%) [13].

Many of the hospitalized COVID-19 are elderly pa-
tients who suffer from severe infectious illness, some im-
mobile in an intensive care unit (ICU) setting. Therefore,
a relatively high incidence of VTE among patients diag-
nosed with COVID-19 is expected, due to the severity of
their disease and distinctive risk factors.

The aims of this review are to present the current
knowledge of the unique challenge of diagnosis and treat-
ment of VTE as well as some of the potential mechanisms
that link VTE to patients with COVID-19.

Risk of VTE in COVID-19

Patients with COVID-19 have a relatively prolonged
disease, with a duration that ranges between 17 and 25
days. [5] Although most patients have a favorable prog-
nosis, older patients and those with chronic underlying
conditions may have worse outcomes. At the writing of
this paper (April 17, 2020), the average death rate world-
wide is about 6.6% [3]. About one third of the worsened
patients [5, 6] and up to 41.8% [7] suffer from complica-
tions such as respiratory failure, acute respiratory distress
syndrome (ARDS). In addition, they may have heart fail-
ure, secondary bacterial infections, and septic shock.

During their illness the patients may require high-flow
oxygen, inhalations, vasopressors, mechanical ventila-
tions, and even ECMO. The complexity of disease in
many patients necessitates a large number of highly qual-
ified medical personnel to deal with these unique chal-
lenges.
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Incidence of VTE in Patients with COVID-19

Patients with COVID-19 infection are at high risk of
developing thromboembolic complications. However, so
far there have been only two studies describing VTE:
DVT or PE in patients with COVID-19, as well as several
case reports. Klok et al. [14] reported a high incidence of
VTE in critically ill patients admitted to the ICU despite
the use of atleast prophylactic anticoagulation. They eval-
uated 184 ICU patients — mean age 64 + 12 years, 139
(76%) of which were male, from 2 Dutch university hos-
pitals and 1 Dutch teaching hospital, positive to CO-
VID-19. Of these patients, 23 died (13%), 22 were dis-
charged alive (12%), and 139 (76%) were still in the ICU
on April 5, 2020. Computer tomography pulmonary an-
giogram (CTPA) and/or ultrasonography done by clini-
cal suspicion confirmed VTE in 27% (95% CI 17-37%)
and arterial thrombotic events in 3.7% (95% CI, 0-8.2%).
PE was the most frequent thrombotic complication (n =
25, 81%). Age (adjusted hazard ratio 1.05/year, 95% CI
1.004 -1.01) and coagulopathy, defined as spontaneous
prolongation of the prothrombin time >3 s or activated
partial thromboplastin time >5 s (adjusted hazard ratio
4.1, 95% CI 1.9-9.1), were independent predictors of
thrombotic complications. None of the patients devel-
oped disseminated intravascular coagulation. In a small
study describing autopsies from Brazil, 8/10 patients who
died from COVID-19 had pulmonary microthrombi
[15].

Cui et al. [8] described the course of 81 patients diag-
nosed with COVID-19 pneumonia in the ICU of Tongji
Medical College, Huazhong University of Science and
Technology. Their mean age was 59.9 years (range 32-91
years) and 37 (46%) were male; 64 (79%) patients have
been discharged from the hospital, 8 (10%) had died, and
therest9 (11%) remained hospitalized. No preventive an-
ticoagulation was administered; 20/81 patients (25%) de-
veloped lower-extremity venous thrombosis. The rate of
PE or of ruled-out PE was not mentioned in the article.
However, patients with DVT were confirmed, and these
were older (68.4 £ 9.1 vs. 57.1 + 14.3 years, p < 0.001), had
lower lymphocyte counts (0.8 + 0.4 vs 1.3 + 0.6 x10°/L,
p < 0.001), longer APTT (39.9 + 6.4 vs. 35.6 £ 4.5, p =
0.001), and higher D-dimer (5.2 + 3.0 vs. 0.8 + 1.2 ug/mL,
P <0.001). Cui et al. [8] also showed that if a cut-off value
of 1.5 pg/mL D-dimer was used to predict VTE, the sen-
sitivity was 85.0%, the specificity was 88.5%, and the neg-
ative predictive value was 94.7%

In contradictory fashion, Yao et al. [16] from Renmin
Hospital of Wuhan University (Wuhan, China) reported

Tal/Spectre/Kornowski/Perl



that D-dimer elevation (20.50 mg/L) upon admission
was present in 74.6% (185/248) of patients with CO-
VID-19 in whom VTE was theoretically ruled out. How-
ever, ruling out VTE in their trial was based mainly on the
Wells score, while Doppler ultrasound and CTPA was
performed in only 4 patients with a high clinical suspicion
for VTE. In the report, D-dimer was associated with both
increased disease severity and in-hospital mortality. A D-
dimer level of >2.14 mg/L predicted in-hospital mortality
with a sensitivity of 88.2% and specificity of 71.3%.

Danzi et al. [17] described a 75-year-old COVID-
19-positive female patient hospitalized with bilateral
pneumonia who was diagnosed with intermediate-/high-
risk PE who was hemodynamically stable. She had no
predisposing factors other than the acute infection with
COVID-19. The diagnosis was confirmed with CTPA
showing bilateral filling defect. Echocardiography dem-
onstrated a dilated and severely hypokinetic right ven-
tricle (RV) with a mean derived pulmonary arterial pres-
sure of 60 mm Hg. She had high CRP (180 mg/L), tropo-
nin I (3,240.4 ng/mL), and D-dimer (21 pg/mL). Lower
limb compression ultrasonography was negative. She was
treated with low-molecular-weight heparin (LMWH),
lopinavir/ritonavir, and hydroxychloroquine.

Xie et al. [18] reported 2 cases from Wuhan, China, of
a 57-year-old male and a 70-year-old male. Both had
pneumonia positive to COVID-19 with fever, cough, dys-
pnea, and bilateral ground-glass opacities on CT at ad-
mission on day 10 and 7 of symptoms, respectively. Due
to respiratory deterioration and high D-dimer both went
through CTPA which confirmed the diagnosis of PE, on
day 2 and 6 of admission, respectively.

Difficulties in the Diagnosis of VTE in Patients with
CoVID-19

Patients presenting with COVID-19 typically have a
long course of disease, lasting up to several weeks [5]. Some
will need high oxygen supply and others will be intubated
or treated with vasopressors. During this extended period
of time, signs, symptoms and laboratory tests pointing to
the diagnosis of VTE can be masked and attributed to CO-
VID-19 or other complications occurring in the prolonged
and sometimes complex hospitalization. D-dimer is in-
creased in most of the patients, and usually cannot elimi-
nate the presence of VTE. Therefore, timely diagnosis of
VTE is anticipated to pose a significant challenge.

The clinical signs and symptoms of acute PE, the most
menacing VTE event, are nonspecific [11, 12]. Some of

VTE Complicated with COVID-19: What
Do We Know So Far?

the patients are asymptomatic and others have dyspnea,
chest pain, hemoptysis, presyncope or syncope, and up to
hemodynamic instability. They can overlap with the
symptoms of COVID-19 infection or its associated com-
plications, such as ARDS, pleural effusion, or myocarditis
[4-7].

Having one or more of the predisposing factors for
VTE can be a clue to the diagnosis that otherwise can be
missed. COVID-19 patients may have such factors at
baseline or acquire them during their illness and hospi-
talization — older age, elevated CRP, D-dimer, fibrinogen
levels, tachypnea, fever, critical illness, infectious etiolo-
gy, and immobility [11-13, 19]. Risk scores such as the
Wells score or the Geneva clinical prediction score may
also be useful, sparing unnecessary tests when predicting
low risk for VTE. Hypoxemia, ECG changes indicating
RV strain, sinus tachycardia, or atrial fibrillation may be
present but they are not specific for PE and can be attrib-
uted to other complications of COVID-19.

The diagnostic approach of PE [11, 12] is different be-
tween unstable and stable patients. The workup of hemo-
dynamically unstable patients requires CTPA which is
the method of choice for imaging. Mobilizing critically ill
patients outside of the ICU for imaging may be burden-
some and puts both the patients and their surroundings
at additional risk of contamination.

Transthoracic echo (TTE) and troponin levels are also
part of the workup of unstable patients. TTE may indicate
RV overload and/or dysfunction or even a right-sided
thrombus. Nevertheless, elevated troponin is present in
many of the patients positive to COVID-19 and indicates
a severe infection [5, 20]. In many cases it is a marker of
myocardial injury among these patients [21, 22]. There-
fore, in the COVID-19 patient, an abnormal echocar-
diography test or high troponin levels can also be attrib-
uted to the severe pulmonary disease, the “cytokine
storm” associated with the viremia, and its systemic ef-
fects. It is therefore crucial to note that while both TTE
and troponin levels can assist in reaching the diagnosis of
PE, one needs a high level of suspicion in order to active-
ly search for VTE and perform the confirmatory tests.

Stable patients with suspected PE can be initially evalu-
ated with a D-dimer test if they are at low or intermediate
clinical probability for VTE. However, many of the
COVID-19 patients may present with high levels of D-di-
mer due to other causes - inflammation, disseminated in-
travascular coagulation, advanced age, or infection [23] -
suggesting the need for CTPA as an initial rule-out test as
well. Nonetheless, as suggested by Yu et al. [24], who
showed that D-dimer levels were significantly correlated
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with inflammation, in cases where the inflammatory state
subsides, when the levels of D-dimer are nonproportion-
ally high, VTE should be considered.

V/Q scintigraphy (ventilation/perfusion lung scan) is
also a feasible part of the workup in stable cooperative
patients with suspected PE. However, this test exposes
nuclear medicine workers to aerosolized secretions due
to leakage of the aerosol to the room and because the pa-
tients frequently cough after inhalation. Using a N-95
mask may reduce the risk of infection, and it is possible
to perform perfusion scans only (without the ventilation
part), but choosing CTPA as the foremost imaging mo-
dality may be a better option [25].

Finally, compression ultrasonography shows DVT
only in 30-50% of patients with PE, but has a sensitivity
of >90% and a specificity of 295% for proximal symptom-
atic DVT [26], in which case it is a class I indication for
the diagnosis of PE [11]. This test must therefore be con-
sidered in patients with COVID-19 as well, in appropriate
cases.

As for the diagnosis of DVT in COVID-19 patients, a
low D-dimer level may help in ruling out the diagnosis.
Nevertheless, most patients cannot be regarded as low
probability risk, and if clinically suspected, compression
ultrasonography is the method of choice, starting from
proximal ultrasound and if negative performing whole-
leg ultrasound with a sensitivity of 96-99% and specific-
ity of 99.8% for lower-extremity DVT [27].

COVID-19 is very contagious with an average repro-
duction number (R,) of 3.28 [28], which indicates the
transmissibility of the virus by an infectious person in a
totally naive population. This complicates the workup of
patients, when compared with other patients who are not
infected. Every single physical examination, laboratory
test, or imaging examination of the patients, including
CTPA or echocardiography, requires the full protection
of the staff. In addition, all machinery must go through
sterilization after use — a process which is time-consum-
ing and may add hardship to what is an already strained
health care system. This makes every contact with the pa-
tients bothersome, as well as precarious, for both the
medical team and other patients within the medical facil-

ity.
Treatment of VTE Patients with COVID-19
Treatment of patients suffering from PE [11, 12, 29],

in a similar fashion to the diagnosis of PE, is also different
in unstable and stable patients. In the unstable patient,

4 Acta Haematol
DOI: 10.1159/000508233

reperfusion therapy by thrombolysis and unfractionated
heparin (UFH) is the treatment of choice. Nevertheless,
many of the patients with COVID-19 have an absolute or
a relative contraindication to thrombolysis, such as co-
agulopathy, thrombocytopenia, a recent invasive proce-
dure, pericarditis, and age >75 years [5, 6, 30]. Moreover,
even those who are able to receive thrombolysis may re-
quire further invasive diagnostics or interventions re-
garding their COVID-19 infection which thrombolysis
may prevent (such as insertion of central-line, pericardio-
centesis, insertion of a chest tube, or performing ECMO).
It may be difficult to differentiate, but one also needs to
keep in mind that if the hemodynamic instability is due
to the infectious disease and not to VTE, the treatment of
choice is not thrombolysis. One of the indications for PE
as a cause for hemodynamic instability is the function of
the RV. RV failure related to PE may also respond to a
fluid challenge or to vasopressors, both of which may al-
ready be administered for some of the COVID-19 pa-
tients. No cases of thrombolytic therapy for PE in CO-
VID-19 patients have been published so far. However,
thrombolysis was used off-label for acute ARDS [28, 31].

The anticoagulation therapy of stable PE patients is
usually LMWH or direct oral anticoagulants (DOACs).
In patients with intermediate-/high-risk PE, UFH may be
preferred due to its short half-life and the opportunity to
give the patients protamine sulfate as an antidote in case
of the need for an urgent procedure or bleeding. On the
other hand, UFH requires close monitoring which we
may want to avoid in such a contagious disease. There-
fore, in COVID-19 patients, LMWH may be preferred.
For practical reasons, some institutions will prefer DO-
ACs in order to reduce the contact between the nurses
and COVID-19 patients [32]. However, drug interaction
between DOACs and medical treatment for COVID-19
infection should be considered, as well as the potential
risk of organ deterioration in these patients and lack of an
effective reversal agent in some centers [33, 34]. Inferior
vena cava filters should be considered in selected patients
with acute PE and absolute contraindications to antico-
agulation, or in case of recurrence despite proper antico-
agulant treatment [11]. Graduated compression stock-
ings are no longer recommended for the treatment of
DVT [29].

As for the timing of initiation of therapy, the recent
European Society of Cardiology (ESC) PE guidelines [11]
emphasize the importance of induction of anticoagula-
tion therapy in all patients suspected for PE with high or
intermediate clinical probability of PE without delay,
while diagnostic workup is in progress. These guidelines
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Fig. 1. Pulmonary embolism (PE) management algorithm in the COVID-19 patient. Diagnostic and treatment
algorithm of acute PE among COVID-19 patients. CTPA, computer tomography pulmonary angiogram; DO-
ACs, direct oral anticoagulants; LMWH, low molecular weight heparin; UFH, unfractionated heparin. * May be
controversial. Please note drug-drug interactions.

are most relevant in COVID-19 patients due to the very
possible delay in diagnosis on account of protection of the
medical team, sterilization of the machinery, and the dif-
ficulty in transporting hemodynamically unstable or in-
tubated patients out of the ICU. As previously mentioned,
patients with COVID-19 may present variably, from as-
ymptomatic carriers up to a severe disease requiring ad-
mission to the ICU [4-6]. Therefore, the treatment of
VTE in these patients must be tailored personally, ac-
cording to their infectious condition, VTE severity, and
general status [12].

Figure 1 presents our suggestion for PE management
algorithm in the COVID-19 patient which combines all
the abovementioned factors.

VTE Complicated with COVID-19: What
Do We Know So Far?

Thrombophylaxis

A retrospective analysis of 449 COVID patients and
104 non-COVID patients in Tongji Hospital showed that
prophylactic anticoagulation therapy (40-60 mg enoxa-
parin per day or UFH 10,000-15,000 U/day) can reduce
mortality, compared to those who do not receive it, only
in the COVID group [35].

Another trial of the same group [36] showed that hep-
arin treatment for 7 days in 99 out of 449 patients with
COVID-19 reduced 28-day mortality only in patients
with a sepsis-induced coagulopathy score >4 (40% vs.
64.2%, p = 0.029) or patients with D-dimer >6-fold of the
upper limit of normal (32.8 vs. 54% p = 0.017).
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In the study by Klok et al. [14], all patients hospitalized
in the ICU received at least standard thromboprophylax-
is doses. We may assume that the rate of VTE without
prophylaxis would have been much higher.

Guidelines from Britain recommend VTE prophylaxis
with LMWH for all high-risk patients as well as consider-
ing the search for PE in patients with sudden onset of
oxygenation deterioration, respiratory distress, and re-
duced blood pressure [32].

Finally, based on the correlation between high levels of
D-dimer and severe COVID-19 disease [7, 37] as well as
higher mortality rate [5, 38], the International Society on
Thrombosis and Haemosthasis (ISTH) and American
Society of Hematology (ASH) guidelines [39] advises
prophylactic LMWH in all hospitalized COVID-19 pa-
tients in the absence of any contraindications (active
bleeding and platelet count less than 25 x 10°/L) [34, 40].

In view of the high thromboembolic risk in patients
with COVID-19 despite anticoagulation treatment [14],
and in view of the thrombotic coagulopathy and extreme-
ly high D-dimers with no evidence of clinical bleeding in
COVID-19 patients, some institutes like our own recom-
mend considering higher prophylactic doses of antico-
agulation such as enoxaparin 0.5 mg/kg b.i.d. or enoxa-
parin 1mg/kg once daily.

Potential Mechanisms of Increased VTE Risk in
Patients with COVID-19

As in other critically ill patients, patients with CO-
VID-19 fulfill at least two out of three criteria of Vir-
chow’s triad - reduced venous flow from immobility
and prothrombotic changes due to inflammatory state
[41]. Prone position, being used in some of the CO-
VID-19 patients, placing the heart at a hydrostatic level
above the head and four extremities, may explain some
of the reduction in venous return [42, 43]. There is evi-
dence to suggest that the third criteria of Virchow’s tri-
ad - vessel wall changes — may also exist in patients with
COVID-19. As was previously reported, serum levels of
angiotensin 2 are significantly elevated in COVID-19
patients, activating the renin-angiotensin system, which
may cause widespread endothelial dysfunction [44]. In
addition, the virus can bind to the endothelial cells via
angiotensin 2 receptors, which are most commonly
found in the alveolar epithelial cells, followed by endo-
thelial cells - a process which may ultimately damage
blood vessels and increase the risk of thrombogenicity
(32, 45].
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As previously published in the literature [11], diagno-
sis of VTE is quite common in hospitalized patients, and
in particular in patients with severe systemic infection. A
previous retrospective trial of 18,928 pneumococcal
pneumonia patients and 75,712 controls showed that
there was higher risk of developing DVT and PE (1.78-
fold and 1.97-fold, respectively) in patients with pneumo-
coccal pneumonia compared to controls [46]. This sug-
gests a causal with infectious etiology and eludes to the
fact that COVID-19 patients might also have a higher in-
cidence of VTE due to their inflammatory condition.

In addition, antiphospholipid antibodies that can arise
transiently in patients with critical illness and various in-
fections may possibly develop among COVID-19 patients
as well. A case report [47] of critically ill patients with
confirmed COVID-19 from Wuhan, China, described 3
patients with clinically significant coagulopathy - isch-
emia of the lower limbs, multiple cerebral infracts, and
antiphospholipid antibodies (anticardiolipin IgA, anti-
B,-glycoprotein I IgA, and IgG). Two of the patients, a
69-year-old male and a 65-year-old female, had thrombo-
cytopenia with 78,000 and 79,000 platelets, respectively.
The former also had high troponin (3876.8 pg/mL) and
D-dimer levels (>21 mg/L).

Another possible mechanism is activation of the com-
plement system. This theory is based on evidence from
studies in murine models investigating complement acti-
vation by coronavirus infections, SARS and Middle East
respiratory syndrome (MERS), showing laboratory mark-
ers consistent with excessive complement activation: el-
evated lactic dehydrogenase, D-dimer, and bilirubin in
addition to decreased platelets, mild anemia, and renal
and cardiac injury such as in diffuse thrombotic micro-
angiopathy and atypical hemolytic uremic syndrome
[48].

One more final possible mechanism for the high co-
agulability in COVID-19 patients is hypoxia, as observa-
tional and experimental studies show that conditions of
hypoxia are associated with increased risk of thrombosis
[49].

Conclusion

VTE is a common entity in hospitalized patients [13]
and a preventable cause of death [12]. In patients with
COVID-19 VTE poses a unique challenge. First, one
needs to suspect the diagnosis despite the wide differen-
tial diagnosis of respiratory entities and causes of hemo-
dynamic deterioration in these patients, such as second-
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ary bacterial infection, ARDS, heart failure, and septic
shock. Subsequently, if the suspicion is high enough, one
needs to consider initiating full-dose anticoagulation and
the risk accompanied by the diagnostic workup, in terms
of the chance of contamination and the mobilization of
the hemodynamic/respiratory unstable patient out of the
ICU.

As is expected in the midst of a pandemic break-
through, there is presently paucity of data regarding the
true incidence and characteristics of VTE among CO-
VID-19-positive patients. In fact, there are presently only
two trials [8, 14] describing an incidence of 27% for VTE
in patients hospitalized in the ICU receiving prophylactic
anticoagulation and 25% for DVT in patients hospitalized
in the ICU for COVID-19 (with no mention of the inci-
dence of PE), as well as a few case reports [17, 18]. More
information will certainly be published in the near future.

Although COVID-19 is a prolonged, complicated, and
sometimes fatal disease, most of the patients are expected
to eventually recover. Nonetheless, during the admission,
several complications may occur which will impact the
prognosis of these patients. Such is the case with VTE,
especially due to the risk of underdiagnosis and under-

treatment. Thus, the importance in understanding the ac-
tual burden of VTE among these patients, and the proper
treatment algorithms under these unique circumstances,
cannot be overemphasized. A validated treatment for
COVID-19 does not exist yet, but VTE is a well-estab-
lished medical entity, with potentially preventable and
treatable consequences.
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