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Abstract

Aim: As the novel coronavirus disease 2019 (COVID-19) pandemic impacts the global healthcare system,
evolving data show increased frequency of arterial and venous thromboembolism among patients with
COVID-19 infection. Aortic thrombus is a rare thrombotic event with a wide spectrum of clinical manifestations
and potential catastrophic complications. This study aimed to elucidate the clinical manifestations, diagnosis
and treatment dilemmas of aortic thrombus with COVID-19 infection and raise awareness among frontline
medical providers. Aortic thrombosis is rare, but if not considered early in the course of COVID-19 infection,
the data suggest that the diagnosis will probably not be made until potentially serious complications arise.

Methods: Literature review was conducted between November 1, 2019, and November 14, 2020, on PubMed
and Embase to identify publications regarding aortic thrombosis among COVID-19 cases.

Results: Most of the patients were male with amedian age of 67 years, and had comorbidities (most commonly
hypertension, dyslipidemia and diabetes mellitus). In our study, underlying atherosclerosis, a common risk
factor for aortic thrombus, was identified among 56% of the patients. Aortic thrombus was symptomatic in
62% of these patients and most commonly manifested itself as acute limb ischemia (46%), whereas 30% of
cases were found incidentally during the investigation of elevated inflammatory markers or increased oxygen
requirement. Treatment was individualized given the lack of established guidelines for aortic thrombus,
including anticoagulation, systemic and catheter directed thrombolysis, and surgical thrombectomy. Overall
mortality was found to be 30% in our study.

Conclusions: Although rare, aortic thrombus has high morbidity and mortality, and can present without any
symptoms or underlying aortic disease. Aortic thrombosis is rare, but if not considered early in the course of
COVID-19 infection, the data suggest that the diagnosis will probably not be made until potentially serious
complications arise.
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Introduction

Aortic thrombus is a rare finding as an isolated event. Diagnosis of aortic thrombus is made most often
as an incidental finding in the company of other distal thromboembolic sites. Aortic thrombus is typically
associated with severe atherosclerosis, embolism, aneurysm, foreign bodies (e.g., graft, stents) and less
commonly hypercoagulable, infectious, neoplastic processes, and trauma. Rarely, aortic thrombus has been
identified without any underlying risk factor to explain thrombus formation. Given the rarity of disease and
absence of randomized controlled trials, there is no consensus on the treatment of aortic thrombi and the
management is individualized. Current treatment options include anticoagulation, systemic thrombolysis,
endovascular and surgical thrombectomy. In the course of the current pandemic, it has become increasingly
clear that coronavirus disease 2019 (COVID-19) increases risk for thrombosis since a marked proportion of
patients with severe COVID-19 infection develop venous and arterial thromboembolic complications. Most
of the studies report thrombotic complications that are related to deep vein thrombosis and pulmonary
embolism; however, data on aortic thrombosis in COVID-19 patients are limited. In our literature review,
43 cases were found to have COVID-19 complicated with aortic thrombus to consolidate evidence of aortic
thrombosis in COVID-19 infection and raise awareness. More importantly, we emphasize the importance of
making the diagnosis of aortic thrombus, given that, like aortic dissection, if not considered, probably will not
be diagnosed early before catastrophic complications arise.

Materials and methods

Literature review was conducted between November 1, 2019, and November 14, 2020, on PubMed and
Embase to identify publications regarding aortic thrombosis among COVID-19 cases [1-26].

Results

In our literature review of 26 publications, 43 cases with COVID-19 were described to have aortic thrombosis.
COVID-19 status was demonstrated with reverse transcriptase polymerase chain reaction and aortic
thrombus was diagnosed with computed tomography (CT) angiogram in all cases. A majority of the patients
were male: 31 male (72%), 9 female (20%), gender of 3 patients was not identified (Figure 1). Mean age of the
patients was 67 years and only 3 patients were below 50 years of age. The most common comorbidities were
hypertension (46.5%), dyslipidemia (23%), and diabetes mellitus (20%). Clinically significant atherosclerotic
disease was identified in 20% of the cases (total of 9 cases: 5 cases with coronary artery disease, 2 cases
with stroke, 1 case with transient ischemic attack, 1 abdominal aneurysm with graft). Smoking status as a
significant cardiovascular risk factor was reported only in 11 cases (25%), of which 9 were either smokers
or former smokers. A history of thromboembolic disease was reported in only 3 cases; 2 had pulmonary
emboli and 1 had deep vein thrombosis. Among the cases in which home medications were available (total of
24), 8.3% were on anticoagulation for atrial fibrillation; 29.1% were on antiplatelet medication for various
medical indications.

Gender

= Male mFemale u Unknown

Figure 1. The gender distribution of patients with aortic thrombosis in COVID-19 infection
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At the time of presentation to the hospital, the majority of the cases were admitted for COVID-19 related
symptoms (dyspnea, fever, and fatigue). Only 8 cases (18%) had symptoms of distal arterial thrombosis as
an initial chief complaint (ischemic limb in 7 patients and stroke in 1 patient), the remaining cases were
discovered later during their hospital course (Figure 2). The primary triggering event for the providers to
diagnose the aortic thrombus was symptomatic distally located arterial thrombosis (62%, 27 cases out of
43). In other words, 62% of cases were found after aortic thrombus embolized distally and caused end-organ
damage. However, in the remaining 28% of the cases, aortic thrombus was found incidentally and fortunately
before the thrombus embolized and caused end-organ damage. Among those patients who did not have any
symptoms of arterial thromboembolism, CT angiogram was obtained to rule out pulmonary emboli in the
presence of high blood levels of inflammatory markers (especially D-dimer) or significant increases in the
inflammatory markers over short periods of time, or remarkable changes in oxygen demand.

Symptoms

B Incidental B Acute Stroke Abdominal Pain
Chest Pain m Ischemic Limb ®Unknown

Figure 2. The symptomatology of patients with aortic thrombus in COVID-19 infection

Cases that were complicated by distal arterial events, included limb ischemia (20 patients, 46% of
total cases), acute stroke (4 patients, 9% of total cases), and visceral artery thrombus resulting in ischemia
(4 patients, 9.3% of total cases). 10 patients (23%) had multiple emboli affecting more than one territory. In
regard to stroke types among the cases, three of them were identified as ischemic stroke but it was unclear if
embolic or thrombotic in etiology; the remaining case was an unspecified type of stroke. Even if all of the cases
were thromboembolic stroke in etiology, we would not be able to determine definitely the embolus originated
from aortic thrombus or other anatomic location. For example, Manghat et al. [22] reported that a patient with
recent transcatheter aortic valve replacement (TAVR) and coronary artery bypass grafting (CABG) presenting
with chest pain was found to have pulmonary embolism and aortic valve thrombus with embolization to the
left anterior descending coronary artery. This patient did not have any COVID-19 related symptoms (dyspnea,
cough, fever, etc.), but was found to have severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection on further diagnostics. In 28% of the cases, aortic thrombus was detected incidentally where CT
angiogram was obtained to rule out pulmonary emboli rather than suspecting an arterial event. Associated
venous thromboemboli were described in 10 cases (23%).

Anatomic localization of aortic thrombus varied (Figure 3). The most common thrombus location was
abdominal aorta in 13 cases (30%) followed by descending thoracic aorta in 10 cases (23%), aortic arch in 7
cases (16%), aortic bifurcation in 5 cases (11%) and ascending aorta in 2 cases (4.6%). Approximately 75%
of the cases had associated arterial thrombus, most commonly seen in the iliac system.

In order to assess the clinical severity, cases were classified to location (i.e. intensive care unit or medical
floor), oxygen needs and vasopressor requirements were reported in approximately half of the cases. The
majority of the patients were admitted to intensive care units (18 patients, 41%), whereas 7 patients (16%)
were located on the medical floor. Most of the patients required mechanical ventilation, followed by nasal
cannula (1-4 L/min), and a few patients were placed on either high flow, nonrebreather oxygen masks or
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non-invasive ventilation. Vasopressor requirement was observed in 50% of the patients, however this was
not re-ported in most of the cases. Of the available data, 25 patients (58%) had favorable outcomes whereas
11 patients (30%) expired. Information was limited regarding concomitant atherosclerosis, only 34.8%
(n = 15) of the total patients had available information. From available data, 8 out of 15 patients, 53.3%
had underlying atherosclerosis. Among those patients, one patient had accompanying aortic aneurysm and
another one had concomitant aortic stenosis.

Anatomic Location

m Abdominal Aorta mDescending Aorta W Aortic Arch

Aortic Bifurcation ® Ascending Aorta

Figure 3. The anatomic distribution of aortic thrombus among patients COVID-19 infection

Laboratory tests were significant for elevation of the inflammatory markers. Fibrinogen levels were >4 g/L
in 15 patients, D-dimer levels were > 3 mg/L in 23 patients. Interleukin (IL)-6 levels were > 5 ng/L in 10 cases.
Assays for antithrombin III, proteins C and S, fibrinogen, and antiphospholipid antibodies had been performed
only in 6 cases (14%) and antiphospholipid antibodies were found in 2 cases. However, hypercoagulability
laboratory tests can be falsely positive in acute illness especially with acute thromboembolic events. Therefore,
hypercoagulability tests should be repeated after resolution of the thromboembolic event in or-der to find
evidence of an underlying hemostatic disorder.

Treatment approaches varied among the patients (Figures 4-6), 60.4% (n = 26) of the patients were
treated conservatively, 37.2% (n = 16) of the patients treated with variable invasive approaches, whereas
2.3% (n = 1) of patient’s treatment was not reported. Among patients treated with conservative modalities;
anticoagulation alone was preferred in 32.5% (n = 14), anticoagulation with antiplatelet therapy was used in
6.9% (n = 3), and systemic thrombolysis was performed in 4.6% (n = 2). The treatment modality was reported
as medical therapy (unknown details) among 16.2% (n = 7). Invasive treatment modalities were applied to
37.2% of the patients: surgical thrombectomy was performed in 20.9% (n = 9), axillobifemoral bypass surgery
was chosen in 4.6% (n = 2), catheter directed thrombolysis in 4.6% (n = 2), catheter directed thrombolysis with
surgical thrombectomy in 2.3% (n = 1), endovascular thrombectomy 2.3% (n = 1) and systemic thrombolysis
with thrombectomy in 2.3% (n = 1). Of the available data for the total cases (Table 1), 25 patients (58%) had
favorable outcomes where-as 11 patients (30%) died. Comparing the treatment modalities, among patients
treated conservatively, outcome was favorable in 57.6% (n = 15) and the mortality rate was 19.2% (n = 5). By
contrast, in patients undergoing invasive treatment approaches, favorable outcome was reported for 62.5%
(n = 10); the mortality rate was 25% (n = 4). Only 16% (n =7) of the patients had repeat CT angiogram for
the evaluation of residual thrombus; of those treated with anticoagulation only, 42.7% (n = 3) had complete
resolution. Partial improvement was ob-served in 57.1% (n = 4) of the patients, whom were treated with
various invasive modalities respectively; thrombectomy (25%, n = 1), systemic thrombolysis (25%, n = 1),
catheter directed thrombolysis (25%, n = 1), catheter directed thrombolysis with thrombectomy (25%, n = 1).
Death was observed within a very short period of time after the aortic thrombus was found in 36.3% of the
cases. However, we are unable to definitely conclude aortic thrombus as a major reason of mortality even
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for those cases, as most of them had multiple comorbidities with extensive medical illnesses. CT angiogram

images of aortic thrombus in COVID-19 cases are shown in Figures 7 and 8.

Treatment

= Conservative Approaches m Invasive Apporaches = Unknown

Figure 4. The treatment modalities used for aortic thrombus with COVID-19 infection

Conservative Treatment

H Anticoagulation Only B Anticoagulation and Antiplatelet Therapy
H Medical Therapy (Unspecified)
Figure 5. The non-invasive treatment modalities used for aortic thrombus with COVID-19 infection

Invasive Approaches

m Surgical Thrombectomy

m Axillobifemoral Bypass Surgery

® Catheter Directed Thrombolysis

® Endovascular Thrombectomy

m Catheter Directed Thrombolysis and Surgical Thrombectomy
m Systemic Thrombolysis and Surgical Thrombectomy

Figure 6. The invasive treatment modalities used for aortic thrombus with COVID-19 infection
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Table 1. Summary of various treatment modalities utilized for patients with COVID-19 infection complicated with aortic thrombus
and overall outcomes

Treatment modality Favorable outcome Unknown outcome Mortality
Anticoagulation only (n = 14, 32.5%) 57% (n = 8) 7% (n=1) 35% (n=5)
Anticoagulation with antiplatelet therapy (n = 3, 6.9%) 100% (n = 3) 0% 0%

Medical management (not reported specifically) (n = 7, 16.2%) 42% (n = 3) 28% (n=2) 28% (n=2)
Systemic thrombolysis (n = 2, 4.6%) 50% (n=1) 50% (n=1) n=0
Surgical thrombectomy (n =9, 20.9%) 777% (n=17) n=0 22.3% (n=2)
Axillobifemoral bypass surgery (n = 2) 50% (n =1) n=0 50% (n=1)
Catheter directed thrombolysis (n =2, 4.6%) 50% (n=1) 50% (n=1) n=0
Endovascular thrombectomy (n = 1, 2.3%) n=0 100% (n=1) n=0
Catheter directed thrombolysis with surgical thrombectomy (n =1, 100% (n=1) n=0 n=0

2.3%)

Systemic thrombolysis with surgical thrombectomy (n = 1, 2.3%) n=0 n=0 100% (n=1)

Figure 7. Floating aortic thrombi in a patient with COVID-19 infection

Note. Reprinted with permission from “Aortic thrombus in patients with severe COVID-19: review of three cases,” by de Carranza
M, Salazar DE, Troya J, Alcazar R, Pefia C, Aragon E, et al. J Thromb Thrombolysis. 2021;51:5237-42 (https://doi.org/10.1007/
$11239-020-02219-z). ©Springer

(arrow); (B) coronal view of the chest,
with a large thrombus present in the aortic arch (arrow); (C) CT of the chest with a thrombus seen in the suprahepatic portion of
the inferior vena cava (arrow)

Note. Reprinted with permission from “Aortic Arch Thrombus and Pulmonary Embolism in a COVID-19 Patient,” by Gandotra P,
SupariwalaA, Selim S, GarraG, GrubergL.J EmergMed. 2021;60:223-5 (https://doi.org/10.1016/j.jemermed.2020.08.009). ©Elsevier
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Discussion

Aortic thrombus is a rare diagnosis and is typically associated with severe atherosclerosis, aneurysm,
foreign bodies, and less commonly hypercoagulable, infectious, neoplastic processes, and trauma [27-29].
In this study, we focused aortic thrombosis in patients with COVID-19, aiming to raise suspicion for a
very likely association.

Multiple studies suggest that there is an increased risk of thromboembolic events in COVID-19 patients.
According to the study by Klok et al. [30], the incidence of thromboembolic complications ranges from 5%
to 15% in critically ill patients without COVID-19, whereas incidence of thromboembolic complications
in critically ill patients with COVID-19 is 35-45%, which supports the hypothesis of increased risk of
thromboembolic complications in COVID-19.

Emerging evidence suggests that COVID-19 increases the risk of thromboembolism by multiple
mechanisms. According to the current data, COVID-19 results in a hypercoagulable state characterized
by micro- and macro-vascular thrombotic angiopathy [31, 32]. Microvascular thrombotic depositions
were seen in small vessels of the lungs and other organs on post-mortem examination of patients with
COVID-19 infection [33]. Pro-inflammatory cytokines are increased with severe COVID-19 infection, such
as tumor necrosis factor-a (TNF-a) and IL (particularly IL-1 and IL-6), which results in activation of the
coagulation cascade as well as inhibition of endogenous anticoagulant pathways [34]. IL-6 as a key factor
in cytokine storm, also promotes megakaryopoiesis which provokes thrombosis in the microcirculation [35].
Diffuse endothelial inflammation and evidence of direct viral infection of the endothelial cells were
demonstrated in pathology specimens of patients with COVID-19 infection [36]. Type 3 hypersensitivity
reaction of endothelial walls consisting of antigen-antibody complex-es with fibrinoid necrosis were
observed with COVID-19 infection [37]. High antiphospholipid antibody levels are postulated as a pathway
for hypercoagulation by enhancing platelet adhesion to fibrin and endothelium, and have been observed
with COVID-19 infection [38-40]. ACE2 is the responsible receptor for the viral adhesion on endothelial cells
and viral replication results in inflammatory cell infiltration, endothelial cell apoptosis, and microvascular
prothrombotic effects [36]. This may explain the cerebrovascular events and myocardial ischemia seen in
younger patients with COVID-19. In addition, hyperviscosity is reported in COVID-19. Fibrinogen is one of
the major determinants of blood viscosity, and high levels are seen in patients with COVID-19. Hyperviscosity
directly predisposes to thrombosis and induces endothelial dysfunction [41]. On the other hand, SARS-CoV-2
does not appear to be associated with significant bleeding unlike some of other RNA viruses such as Ebola
and hemorrhagic fever viruses. According to the article by Connors et al. [42] “the SARS-CoV-2 virus does not
appear to have intrinsic procoagulant effects itself, although more information is needed.”

Data regarding pre-existing atherosclerosis was limited in our study, 8 out of 15 cases (53%) had
concomitant atherosclerosis. Given that atherosclerosis is a major risk factor for aortic thrombus, COVID-19
likely played a role with its increased thrombotic complications for 47% of the cases. A meta-analysis by
Fayad et al. [43] which was published in 2013, included 200 patients with aortic mural thrombus in a normal
or minimally atherosclerotic aorta. Similar to our study, the most common comorbidity was hypertension
(22%). Furthermore, the study found that the most common mode of presentation was limb ischemia (84%),
followed by visceral ischemia (27%) and stroke (14%) which was similar to our study findings. Importantly
in this study, there was no incidentally found aortic thrombus case, which differs from our study (30% of
cases were incidentally found in our study). Another meta-analysis [44] which reviewed 90 patients with
COVID-19 who had arterial thrombosis also showed fewer incidentally found cases with thromboembolism
(3%) compared to our study. This raises a significant suspicion that COVID-19 might be causing more silent
aortic thrombosis compared to non-COVID patients. Therefore, due to its complications resulting in severe
morbidity and mortality, healthcare professionals should be more vigilant to search for aortic thrombus with
a lower threshold for imaging, particularly in the setting of COVID-19 infection.

One of the most typical findings in patients with COVID-19 is an elevated D-dimer level [42], which is
associated with increased mortality. In an observational study [45] in 183 patients with COVID-19, a mean
D-dimer concentration in non-survivors (2.12 mg/L) was higher than in survivors (0.61 mg/L). Furthermore,

Explor Med. 2021;2:410-22 | https://doi.org/10.37349/emed.2021.00059 Page 416


https://doi.org/10.37349/emed.2021.00059

another study [46] showed that D-dimer levels greater than 1 mg/L on admission were associated with
18-times increased risk of death (95% Confidence Interval 2.6-128.6; P = 0.0033). In our study, all patients
with available data on D-dimer (38 patients, 82%) had levels greater than 1 mg/L, which supports the
approach to have a lower threshold for imaging. Unfortunately, there is no definitive laboratory cut-off
value that necessitates imaging studies. Diagnosis of aortic thrombus remains challenging and is mainly
based on clinical impression due to its rarity as well as the lack of significant guidelines for diagnostic
approach. Therefore, in light of the findings in our study and review of the COVID-19 literature, we highly
recommend obtaining imaging studies (i.e. CT angiogram) particularly on the patients with elevated D-dimer
even with the slightest clinical suspicion, and even in the absence of signs or symptoms of distal arterial
thromboembolism, in order to make an early diagnosis and initiate treatment before serious complications
occur. This recommendation is supported by a considerable number of incidental aortic thrombus cases in
COVID-19 patients, the significantly increased thromboembolism risk due to COVID-19, and the markedly
higher mortality in patients with elevated D-dimer. In the presence of contraindications to CT angiography
(e.g., renal failure, contrast allergy), alternative options include magnetic resonance angiography (MRA),
transesophageal echocardiography (TEE), intravascular ultrasound (IVUS), duplex ultrasound and traditional
angiography. Prophylactic hydration with normal saline might be considered if there are concerns for renal
failure; anti-histamines may be considered if there are concerns for allergic reactions. Empiric anticoagulation
might be considered as an option for high risk patients in the setting of hemodynamic instability. On the
other hand, obtaining CT pulmonary angiogram (CTPA) for every patient with elevated D-dimer level can
be unfeasible given the high-risk in hemodynamically unstable patients, particularly those with underlying
kidney injury. Recent studies suggest that the safety of CTPA for screening venous thromboembolic events
would be more increased by, applying age-adjusted or pre-test probability adjusted D-dimer thresholds
or increasing the threshold for D-dimer to 1000 mg/dL [47-52]. Abrupt worsening of respiratory status,
hemodynamic instability (hypotension and/or tachycardia), unilateral limb swelling, signs of right-heart
strain on electrocardiogram or bedside echocardiogram, increasing D-dimer levels over time, intravenous
line malfunction or increase in dead space can alarm clinicians to suspect venous thromboembolic events
(VTE) in COVID-19 patients, similar triggers for obtaining CTPA was found in our review as well [47, 53, 54].
However, most of those studies investigated the value and feasibility of screening (VTE) and did not include
arterial events and importantly they were limited by small sample size and lack of prospective validation.
Thus, more studies are needed to be done to establish a dedicated screening protocols for both arterial and
venous thrombosis in COVID-19 patients. Because of significant number of asymptomatic aortic thrombosis
have been detected in the literature, we suggest a CTPA be obtained if the D-dimer is elevated or an unexpected
clinical change in the COVID-19 patients.

Current data on aortic thrombosis associated with COVID-19 are limited to case reports and case
series. Therefore, in order to obtain more accurate data on incidence and mortality of aortic thrombosis in
COVID-19, the articles including arterial thrombosis with COVID-19 were also reviewed. A recent systematic
review [44] revealed the incidence of arterial thrombus ranged from 2.7-8% in severe/critically ill COVID-19
patients. Most of the cases were symptomatic (97%), ischemic limb being the most common presentation.
Unfortunately, the definite number of cases with aortic thrombus was not reported separately. Nineteen
percent of the arterial thrombosis cases included involvement of the great vessels (aorta, common iliac,
common carotid, and brachiocephalic trunk). The mortality rate of the arterial thromboembolism was found
to be approximately 20% in this study. It is important to note that this study mainly focused on the arterial
thromboembolism in COVID-19 in general, rather than aortic thrombosis. Therefore, the higher number
of symptomatic events in this study compared to our review likely results from the difference in the main
focus of the studies and the fact that aortic thrombosis itself could have more indolent clinical manifestations
compared to distal arterial thrombosis. According to another study [55] which was conducted prior to the
COVID-19 pandemic, autopsy reports showed 0.45% incidence of aortic thrombosis in the general population,
with 17% showing evidence of distal embolization and 6% of sufficient severity to be considered the cause of
death. Thus, despite the rarity of aortic thrombosis, it is associated with high mortality and morbidity which
should raise high suspicion for prompt diagnostic consideration to prevent catastrophic complications.
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Given the rarity of disease, absence of randomized controlled trials and treatment guidelines, treatment
of aortic thromboembolism must be individualized. Current treatment options include anticoagulation,
thrombolysis (systemic or catheter directed), endovascular and surgical thrombectomy.

Unfortunately, review of the current literature did not include any significant data on the treatment and
follow up of the patients with COVID-19 who had aortic thrombus. Thus, we reviewed studies regarding
aortic thrombus in general. A meta-analysis conducted in 2013 [43], compared two treatment approaches:
anticoagulation (112 patients) and aortic surgery (88 patients). Persistence or recurrence of the thrombus
was significantly more common in the anticoagulation group. Patients in the anticoagulation group tended to
have more ischemic complications, however the difference was not statistically significant and the mortality
rates were similar between the two groups. This study favored a surgical approach over anticoagulation
treatment alone. Another study [56] in 2017 focused on descending thoracic aortic thrombus compared
three different treatment modalities: anticoagulation (26 patients), open surgery (19 patient), and thoracic
endovascular aortic repair (TEVAR) (29 patients). Medical anticoagulation therapy was associated with
higher rates of persistent thrombus compared with open thrombectomy or TEVAR. Importantly, there was
no thrombus found recurrent in the TEVAR group, suggesting TEVAR as an effective therapy in patients
with suitable thrombus anatomy without prohibitive clot burden. On the other hand, many other studies
recommend anticoagulation as the preferred primary treatment for aortic thrombus [57-60]. Complete
resolution of thrombus with anticoagulation was reported in multiple studies [57, 61]. Unfortunately, only a
few case reports [62, 63] included thrombolytic therapy for the treatment of aortic thrombus, which was not
included in the meta-analyses and no comparison is available to the other treatment options. The treatment
of choice for aortic thrombosis, is still on a case-by-case basis for non-COVID-19 patients. Considering the
novelty of COVID-19 and rarity of aortic thrombosis, treatment approach for aortic thrombosis with COVID-19
needs further studies. Choosing between surgical options and minimal invasive options with interventional
radiology, special considerations would include degree of ischemia, threat of the end organ damage, anatomic
location, accessibility and clot burden.

In light of the studies we reviewed, we recommend prompt initiation of systemic anticoagulation in all
patients after the diagnosis of aortic thrombus, absent critical contraindication to these agents, such as active
blood loss. In addition, since the data from recent studies favor surgical and endovascular approaches due
to fewer thrombus recurrence rates is promising, open aortic surgery may be a more appropriate initial
therapy in patients with a large clot burden. Particularly in younger patients with fewer comorbidities, a
surgical approach would be feasible. Additionally, TEVAR, being a minimally invasive and low risk procedure
with lower embolism recurrence, can be used successfully for patients with aortic thrombus presenting
with initial or recurrent embolization, and patients who have a contraindication or treatment failure to
anticoagulant therapy.

In conclusion, COVID-19 infection is associated with increased risk of thromboembolic complications
including arterial events, such as aortic thrombosis. Aortic thrombus is a very rare clinical entity and there
are no clear treatment guidelines in the literature. Although the majority of the patients with aortic thrombus
present with clear ischemic symptoms, a significant number were found to have incidental thrombus.
Therefore, high clinical suspicion is needed for evaluation of thromboembolic events in COVID-19 patients,
which can prompt earlier treatment. Anticoagulation is recommended in all patients with aortic thrombosis in
the absence of contraindications. Additional treatment options include surgical and endovascular approaches
as well as thrombolysis. Although it is very difficult to conduct prospective randomized studies given the
rarity of the disease, further studies are needed to establish a clear treatment guideline for aortic thrombus.
Additionally, most of the data were gathered from the studies prior to the current COVID-19 pandemic. Since
the dynamics of thromboembolism in COVID-19 might be different from the normal population, additional
data, including treatment and follow up regarding aortic thrombosis in COVID-19 patients, are needed.
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