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Introduction: The novel coronavirus disease of 2019 (COVID-19) is associatedwith significantmorbidity andmor-
tality. The impact of thrombotic complications has been increasingly recognized as an important component of
this disease.
Objective: This narrative review summarizes the thrombotic complications associated with COVID-19 with an
emphasis on information for Emergency Medicine clinicians.
Discussion: Thrombotic complications from COVID-19 are believed to be due to a hyperinflammatory response
caused by the virus. Several complications have been described in the literature. These include acute limb ische-
mia, abdominal and thoracic aortic thrombosis, mesenteric ischemia,myocardial infarction, venous thromboem-
bolism, acute cerebrovascular accident, and disseminated intravascular coagulation.
Conclusion: It is important for Emergency Medicine clinicians to be aware of the thrombotic complications of
COVID-19. Knowledge of these components are essential to rapidly recognize and treat to reduce morbidity
and mortality in these patients.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

In December of 2019, severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) began to infect humans in the city of Wuhan in
the Hubei province of China [1]. The virus initially infected individuals
linked to a seafood market with a possible animal vector. The disease
caused by SARS-CoV-2, which has subsequently become known as the
novel coronavirus disease of 2019 (COVID-19), rapidly spread to the
rest of the world and was declared a pandemic by the World Health
Organization in March of 2020 [2,3]. At the time of this writing,
there are 27.3 million cases with nearly 900,000 deaths worldwide
and 6.4 million cases with nearly 200,000 deaths in the United
States alone [2,3].

Multiple reports have circulated demonstrating increased
rates of thromboembolic events in patients with COVID-19
[4-11]. As many of these patients will first present to Emergency
Departments (ED), being aware of the thrombotic complications
associated with COVID-19 is essential for providers working in
EDs. This paper will review the pathophysiology and current
understanding of thrombotic complications among COVID-19
patients with an emphasis on information for the Emergency
Medicine provider.
ttlieb).
2. Methods

This narrative review outlines the underlying pathophysiology and
thrombotic complications of COVID-19 in the adult patient with an em-
phasis on the ED clinician. A literature reviewof PubMedwas performed
from inception to June 2020 for articles using the keywords COVID-19,
SARS-CoV-2, coronavirus, thrombosis, thrombotic event, limb ischemia,
aorta, mesenteric ischemia, myocardial infarction, acute coronary syn-
drome, acute ischemic stroke, cerebrovascular accident, pulmonary em-
bolism, and deep vein thrombosis for production of this narrative
review. Authors included case reports and series, retrospective and pro-
spective studies, systematic reviews and meta-analyses, clinical guide-
lines, and other narrative reviews. Authors reviewed all relevant
articles and decided which studies to include for the review by consen-
sus, with a focus on emergency medicine-relevant articles, including
guidelines. A total of 95 resources were selected for inclusion in this
review.

3. Discussion

3.1. Pathophysiology

SARS-CoV-2 is a single-stranded RNA virus that belongs to the
Coronaviridae family, which it shareswith severe acute respiratory syn-
drome coronavirus 1 (SARS-CoV-1) and the Middle East respiratory
syndrome coronavirus (MERS-CoV) [1,12]. SARS-CoV-1, MERS, and
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SARS-CoV-2 all bind to angiotensin-converting enzyme 2 (ACE-2),
which is a crucial counterregulatory enzyme that converts angiotensin
I to angiotensin II [12,13]. ACE-2 is present in nearly all human tissues,
including but not limited to endothelial cells from small and large arter-
ies and veins, type I and type II alveolar epithelial cells in lungs, and in
the nasal and oral mucosa and the nasopharynx [14]. SARS-CoV-2 has
a higher binding affinity for human ACE-2 compared to SARS-CoV-1,
which likely contributes to its increased rate of virulence and transmis-
sion [15,16]. Angiotensin I, when not broken down by ACE-2, promotes
an inflammatory state in the body, as well as causing vasoconstriction,
sodium retention, and fibrosis throughout the body. [17-19]. Besides
inhibiting ACE-2, COVID-19 may also cause downregulation of the en-
zyme, based on data from SARS-CoV-1 [20]. This culminates in a diffuse
inflammatory state as evidenced by higher plasma levels of cytokines
such as IL-2, IL-7, IL-10, granulocyte colony-stimulating factor, IgG-
induced protein 10, monocyte chemoattractant protein-1, macrophage
inflammatory protein 1-alpha, and tumor necrosis factor α [21]. Recent
studies have evaluated the role of inflammation in creating hypercoag-
ulable states, possibly via activation of endothelial cells, platelets, and
leukocytes inducing tissue factor (TF), and subsequently triggering the
coagulation system through binding to the clotting factor VIIa [22,23]
This milieu creates hypercoagulability as evidenced by decreased reac-
tion (R) and K values, and increased values of K angle and maximum
amplitude (MA) when using thromboelastography (TEG) and the ap-
parent increased incidence of thrombotic events [24]. TEG and rota-
tional thromboelastometry (ROTEM) are viscoelastic assays performed
on whole blood that assess time to clot formation, clot strength, and
time to clot lysis. These assays are advantageous in that they assess
platelets, fibrinogen, and coagulation factors in a single assay. The R
value is the time to initial clot formation, the K value and angle reflect
the speed of clot formation, and the MA is a measure of clot strength
on TEG (Fig. 1). Interestingly, an autopsy study of the lungs in 10 pa-
tients with COVID-19 found microvascular platelet-rich depositions in
the small vessels of the lungs reminiscent of thrombotic microangiopa-
thy [25].

3.2. Acute limb ischemia

Acute limb ischemia (ALI) is an important consideration in patients
with COVID-19 [26]. There have been over a dozen case reports and
case series of ALI described in the literature [27-41]. These patients
often have multiple thromboses involving different vessels throughout
their bodies [27,31,33-38,40]. Many of these patients do not have
existing peripheral arterial disease [27-31,34,36,37,40,41]. Acute limb
ischemia can even occur among patients already receiving
thromboprophylaxis [34,37,39,41].
Fig. 1. Normal TEG waveform. Obtained from https://en.wikipedia.org/wiki/
Thromboelastography#/media/File:Thromboelastography_Waveform.jpg. Open access
under Creative Commons 2.0 license.
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Symptoms can include acute limbpain [30,32,40], focal hypothermia
[27,30,34,40], skinmottling [26,27,30,35,40], absent pulse [30,34,40], or
necrosis of the toes [39]. Patients generally have an elevated D-Dimer
[31,33,37,38,40] and may also have an elevated C-reactive protein
(CRP) [30]. While a computed tomographic angiogram (CTA) of the ex-
tremity is often performed, clinicians should consider adding a CTA of
the aorta to evaluate for a concomitant aortic thrombosis [27,37,40].
Treatment involves vascular surgery and interventional radiology con-
sultation, as well as empiric systemic anticoagulation [41,42]. One
study of 20 patients found that operative treatment was performed in
17 patients and was able to successfully salvage the limb in 12 (70.6%)
[33].

3.3. Abdominal and thoracic aortic thrombosis

Acute abdominal and thoracic aortic thrombosis has also been de-
scribed in patients with COVID-19 [27,37,40,43-46]. Similar to acute
limb ischemia, this has been described in patients who are already re-
ceiving thromboprophylaxis [45,47]. This has also been described in a
patient with an aortic graft [47].

Symptoms include unilateral distal limb ischemia [27,40], bilateral
distal limb ischemia [45,47], bilateral lower extremity weakness [46],
bilateral lower extremity loss of sensation [45], and acute periumbilical
abdominal pain [43]. Labs are notable for a markedly elevated D-Dimer
level, with a greater than 16-fold increase in one study [29,37,43,45,46].
An elevated CRP has also been reported [29]. Treatment involves sys-
temic anticoagulation and consultation with vascular surgery or inter-
ventional radiology [42].

3.4. Mesenteric ischemia

Mesenteric ischemia is a less common occurrence with significant
morbidity and mortality. This has been described in three case reports
of patientswith COVID-19 [46,48,49]. Symptoms can include abdominal
pain [48,49], vomiting [48], or diarrhea [49]. Labs may demonstrate an
elevated D-Dimer [46] or an elevated CRP [48,49]. Imaging should in-
clude a CTA of the mesenteric vessels, as a regular CT of the abdomen
and pelvis with contrast may not identify this, particularly early in the
course of symptoms [48]. Treatment should include systemic
anticoagulation and consultation with general surgery, as well as either
interventional gastroenterology or interventional radiology [42,48].

3.5. Myocardial infarction

An increased risk of acute coronary syndrome (ACS), includingmyo-
cardial infarction (MI), is found in viral illnesses, with the greatest risk
within the first week of illness due to systemic inflammation resulting
in atherosclerotic plaque disruption [50-52]. Literature suggests acute
MI may occur in 7–17% of hospitalized patients and over 20% of ICU pa-
tients with COVID-19, but the true prevalence is difficult to determine
due to underreporting [51-53]. Myocardial injury without direct plaque
rupture may also occur due to cytokine storm, hypoxic injury, coronary
spasm, and endothelial or vascular injury [54,55]. The presence of
preexisting cardiovascular disease increases the morbidity and mortal-
ity of acute COVID-19 infection [56]. Patients with ACS in the setting
of COVID-19 can present with symptoms other than chest pain, such
as respiratory distress or shortness of breath alone [53]. A case series
of 18 patients with ST elevation MI on ECG and COVID-19 found 83%
were male, with most over the age 60; however, only six patients
(33%) had chest pain at the time of ST elevation on ECG [53]. In patients
with STEMI, the American College of Cardiology states percutaneous
coronary intervention (PCI) is the preferred therapy within 90 min
from first medical contact, though fibrinolysis may be considered in pa-
tients who are “relatively stable” [57,58]. Patients with equivocal symp-
toms, atypical electrocardiogram, or delayed presentation and possible
but unconfirmed STEMI should undergo further evaluation including
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echocardiogram and serial ECGs. If the patient has non-STEMI
with suspected COVID-19, further testing is recommended prior to
catheterization, and in properly selected patients conservative therapy
can be sufficient. Patients who are hemodynamically unstable with
NSTEMI should be treated similarly as those with STEMI [57,58]. Other
medications used in the setting of ACS (e.g., aspirin) are unchanged in
COVID-19.

3.6. Venous thromboembolism

As the clinical picture of COVID-19 infection continues to emerge,
venous thromboembolism (VTE) is a serious risk, particularly in severe
disease. Research has already established that hospitalized patients are
prone to deep venous thrombosis (DVT) development. Multiple studies
have demonstrated increased rates of DVT in COVID-19 patients. A sys-
tematic review and meta-analysis of 20 studies comprising 1988 pa-
tients with COVID-19 found a weighted mean prevalence (WMP) of
31.3% for VTE with a WMP of 19.8% for DVT andWMP of 18.9% for pul-
monary embolism (PE) [59].

In hospitalized patients not receiving prophylaxis, rates are approx-
imately 0.9% for general admission and 15% to 32% among ICU patients
[60,61]. A German study performed consecutive autopsies of 12 de-
ceased patients with COVID-19, finding bilateral DVTs in 7 (58%)
cases, none of which were suspected before death [62]. Another study
prospectively analyzed venous ultrasound exams on 34 consecutive pa-
tients admitted to the ICU with COVID-19 finding DVTs in 22 patients
(65%), with 18 patients having bilateral DVTs [63]. On systematic evalu-
ation 48 h after admission, the authors also found that an additional five
developed DVTs despite adequate prophylactic anticoagulation [63].
Another retrospective review of 26 consecutive ICU patients in France
found DVTs in 18 patients (69%) receiving anticoagulation [64].

Patients hospitalized on the generalmedical floors also demonstrate
an increased risk of DVT. A retrospective review of 71 non-ICU patients
in Francewho received systematic lower extremity doppler exams prior
to discharge found 16 patients (22%) developed DVT despite
thromboprophylaxis with weight-based enoxaparin [65].

Similar to DVT, studies have also demonstrated a high rate of PE oc-
currence in patients with COVID-19. Post-mortem examination of 21
consecutive patients in Switzerland found PEs in four (19%) of the pa-
tients [66]. A similar autopsy study in Germany found PE was present
in 42% of deceased patients, with PE being the cause of death in one-
third of patients [62]. Multiple studies have also demonstrated a high
prevalence of PE in ICU patients hospitalized with COVID-19. A study
of 184 consecutive ICU patients with COVID-19 demonstrated con-
firmed VTE in 27% of patients by CTPA or compression duplex ultraso-
nography [67]. The majority (81%) of VTE were PE despite standard
pharmacological thromboprophylaxis [67]. Another review of 150 ICU
patients found the most significant thromboembolic complication
among patients was PE (16.7%) [8]. This same study compared a sub-
group of patients with COVID-19 acute respiratory distress syndrome
(ARDS) to non-COVID-19 ARDS and found PE rates were significantly
higher in the COVID-19 ARDS group, 12% and 2%, respectively [8]. A
case series of 107 consecutive patients admitted to the ICU in France
demonstrated a PE rate of 20.6% [9]. The authors retrospectively
reviewed ICU patients during the same period from the previous year
and found a PE rate of 6.1% suggesting patients with severe COVID-19
infections are at higher risk than other non-COVID-19 critically ill pa-
tients [9].

Outside of the ICU, studies have demonstrated PE rates of 10% to 22%
[11,65]. A retrospective chart review of 327 general floor patients noted
44 patients were tested for VTE with an overall positive rate of 6.4% [4].
A retrospective review of 71 non-ICU COVID-19 patients in France re-
vealed a PE rate of 10% despite receiving adequate thromboprophylaxis.
The authors noted a d-dimer threshold of 10,000 μg/L was only moder-
ately predictive of VTE (negative predictive value 90%, positive predic-
tive value 44%) [65]. Another retrospective chart review found d-
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dimer levels of greater than 2660 μg/L had a 100% sensitivity and 67%
specificity for PE [10]. A retrospective chart review of 100 patients hos-
pitalized for COVID-19who received CTPA found a PE rate of 23%, with a
higher prevalence in ICU patients (74% vs 29%) [11]. It is unclear if these
patients were receiving anticoagulation. Pre-existing cardiovascular
disease was associated with higher incidence of PE [11]. More studies
are needed to determine the utility of d-dimer levels for risk stratifica-
tion of VTE in COVID-19 patients. There is limited data regarding PE
prevalence among COVID-19 patients treated in the outpatient setting.
However, one recent study in the ED found that among patients receiv-
ing a CTPA to evaluate for PE, the positivity rate was similar between
COVID-19 patients and those without COVID-19 [68].

When testing for PE in COVID-19 patients, CTPA is the test of choice.
If CTPA is contraindicated (e.g., renal failure, severe contrast dye reac-
tion), only the perfusion scintigraphy of the ventilation-perfusion scan
should be performed to minimize aerosolization of secretions [69,70].

The American Society of Hematology and the American College of
Chest Physicians recommend routine pharmacologic prophylaxis for
VTE in patients hospitalized with COVID-19 unless there are pre-
existing contraindications [71,72]. Lowmolecularweight heparin is pre-
ferred over unfractionated heparin to reduce healthcare worker expo-
sure to infected patients [71]. If heparin-induced thrombocytopenia
develops, fondaparinux should be used. Although some authors have
advocated for intermediate or therapeutic dosing, both societies en-
dorse standard prophylaxis dosing until more data is available [71,72].
A review of 150 ICU COVID-19 patients demonstrated a low rate
(2.7%) of bleeding complications among patients receiving prophylactic
or treatment-based pharmacologic antithrombotic therapy [8]. Al-
though limited, this suggests anticoagulation is relatively safe in
COVID-19 patients who do not meet exclusion criteria. A retrospective
study of 449 patients with severe COVID-19 infection found an im-
proved 28-day mortality in patients receiving enoxaparin (40–60 mg
daily) than those not receiving enoxaparin [73]. Some authors also ad-
vocate for the anti-inflammatory role of heparin in severe COVID-19 in-
fection [74]. Heparin is known to decrease inflammation by inhibiting
neutrophil activity, expression of inflammatory mediators, and the pro-
liferation of vascular smooth muscle cells [75]. Admitted patients
boarding in the emergency department should at minimum receive
pharmacologic antithrombotic therapy with a low threshold for addi-
tional VTE testing if new symptoms develop.

3.7. Acute cerebrovascular accident

Acute cerebrovascular disease, including ischemic stroke, is a severe
neurologic complication of COVID-19 and can be a presenting symptom
of this disease [76-79]. Studies suggest a rate of ischemic stroke ap-
proaching up to 5% in patients with COVID-19, likely associated with
the inflammatory and hypercoagulable state [77-80]. This mirrors
other respiratory infections in which the risk of stroke increases by
3.2–7.8 fold within the first several days of infection [81,82]. The risk
of mortality in patients with COVID-19 with acute ischemic stroke ap-
proaches 38% [78]. However, despite this increased risk of stroke, during
the current COVID-19 pandemic, a decrease in the number of acute
stroke investigations has been observed, likely due to patient fear of ex-
posure in medical centers [76,83-86].

Patients with COVID-19 who develop an ischemic stroke are usually
older, typically over 70 years of age, with significant comorbidities such
as liver and renal disease [76,78]. Other factors associated with in-
creased risk of stroke in the setting of COVID-19 include hypertension,
diabetes, cancer, lung disease, and prior cerebrovascular disease
[76,77,79,80]. However, there are cases of ischemic stroke, even large
vessel occlusion, affecting young patients with COVID-19 [87]. Litera-
ture suggests the median duration from onset of COVID-19 symptoms
to stroke is approximately 10 days [76,78]. Significant coagulation ab-
normalities in patients with COVID-19 include increased d-dimer,
prolonged prothrombin time, and abnormal platelet levels [78,88]. D-
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dimer levels in patients with stroke and COVID-19 are significantly
higher compared to other patients with COVID-19 infection, with
one study demonstrating a 12-fold increase in those experiencing
stroke [78].

In patients with suspected stroke, protection of healthcare providers
is essential even if patients are asymptomatic, which may occur in 18%
to 31% of patients ultimately diagnosed with COVID-19 [89,90]. The
American Heart Association recommends using appropriate screening
guidelines, personal protective equipment, and crisis resource manage-
ment for evaluating and managing patients with suspected cerebrovas-
cular accidents [86,91]. All patients with suspected stroke should be
evaluated as suspected COVID-19 in the prehospital and ED settings
[91]. Personal protection equipment including contact and droplet pre-
cautions are recommendedwhen caring for non-ventilated patients and
those not undergoing aerosol-generating procedures, known as a
“protected code stroke” [86]. A face mask or surgical mask should also
be placed on the patient. Evaluation includes noncontrast head com-
puted tomography (CT) within 20 min of arrival in the ED. For those
with suspected large vessel occlusion, further imaging including CT an-
giography, CT perfusion, or magnetic resonance imaging (MRI) is rec-
ommended. If further imaging will be needed during hospitalization
or may impact management (i.e., CT perfusion), then this should be ob-
tained at the time of headCT if able. Similarly, providers should consider
using a single test modality (e.g., noncontrast head CT followed by CT
angiography of the head and neck), rather than separate imaging mo-
dalities (e.g., CT of the head, followed byMRI and carotid ultrasound im-
aging) to reduce machine and technician utilization [91].

Management of ischemic stroke is unchanged whether COVID-19 is
present, with IV alteplase recommended for eligible patients presenting
within 3 h (and for highly selected patients within 4.5 h of therapy)
[86,91]. As discussed, patients with COVID-19 often demonstrate coag-
ulation system abnormalities and also have risk of hepatic and renal
dysfunction. However, the risk of hemorrhage in patients with COVID-
19 receiving thrombolysis is unclear. Patients with COVID-19 are eligi-
ble for mechanical thrombectomy in the setting of internal carotid ar-
tery or middle cerebral artery occlusion if they can be treated within
6 h of symptoms, do not demonstrate extensive ischemic tissue on im-
aging, and have a NIHSS score ≥ 6 [86,91].

3.8. Disseminated intravascular coagulation

Disseminated intravascular coagulation (DIC) is suggested when
there is dysregulation of the coagulation pathways causing both sys-
temic coagulation and hemorrhage associated with thrombocytopenia,
elevated fibrin-degradation products (FDP), prolonged PT, and an ele-
vated fibrinogen level [92-94]. DIC commonly presents as thrombosis
and hemorrhage in different locations [92-94]. DIC hasmultiple inciting
causes and possesses amortality rate ranging from46 to 76% [93]. DIC in
COVID-19 patients is also correlated with mortality. Tang et al. pub-
lished a study of 183 COVID-19 patients admitted to a hospital in
Wuhan, China, inwhom thepresence of DICwas calculated using the In-
ternational Society on Thrombosis and Haemostasis (ISTH) diagnostic
criteria for DIC [92] and compared with mortality [88]. In this popula-
tion, 71.4% of non-survivors and 0.6% survivors met the criteria of DIC
during their hospital stay [88]. A study from Italy that included 388
COVID-19 patients reported DIC according to the ISTH diagnostic
criteria in 2.1% of their patients, of whom 88% (7/8) died [4]. Another
study of 225 COVID-19 patients found that DIC was present in 6.4% of
non-survivors and 0% of survivors [95].

4. Conclusions

COVID-19 is associatedwith a significant inflammatory response, in-
creasing the risk of arterial and venous thrombosis. These complications
may increase the risk of morbidity andmortality and include acute limb
ischemia, abdominal and thoracic aortic thrombosis, mesenteric
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ischemia, myocardial infarction and acute coronary syndrome, venous
thromboembolism, acute cerebrovascular accident, and disseminated
intravascular coagulation. Knowledge of these conditions in COVID-19
may improve Emergency Medicine clinician recognition and manage-
ment of these thrombotic complications.
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