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Unusual clinical course

COVID-19 caused by SARS-CoV-2 infection has been associated with a hypercoagulable state in which patients
can be at risk for developing venous and arterial thromboembolic events at a rate as high as 31%. A free-float-
ing aortic thrombus (FFT) is a rare life-threatening complication of a hypercoagulable state. These thrombi re-
quire medical, endovascular, or surgical treatment. The optimal treatment modality for FFT occurring in the set-
ting of COVID-19 remains unknown. We present a patient with a COVID-19-associated free-floating descending
aortic thrombus that was treated with percutaneous vacuum-assisted thrombectomy (angio-VAC).

A 61-year-old man presented to the hospital with dyspnea and hypoxia and was diagnosed with severe COVID-19
pneumonia. Initial chest computed tomography angiography (CTA) did not show pulmonary emboli or throm-
bi. Inflammatory markers (D-dimer, lactate dehydrogenase, ferritin, fibrinogen) were tracked every other day.
After several measurements of decreasing D-dimer values, there was a noticeable increase in D-dimer level
and continued dependence on high levels of supplemental oxygen. A repeat chest CTA showed an FFT, con-
firmed by transesophageal echocardiogram. Cardiothoracic surgery and interventional radiology teams per-
formed successful angio-VAC percutaneous removal, confirmed with intravascular ultrasound. The patient was
subsequently discharged with a 3-month supply of apixaban.

Minimally invasive endovascular removal of an FFT is a therapeutic option, as anticoagulation alone carries
the risk of partial lysis and repeat embolization. Clinicians can consider this endovascular treatment option
paired with therapeutic anticoagulation. Further guidelines on monitoring and treatment of possible COVID-19-
associated thrombosis are needed, particularly when the risk of embolization is high.

COVID-19 ¢ Thrombectomy ¢ Thrombosis
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Background

A free-floating aortic thrombus (FFT) is a non-adherent throm-
bus that floats in the aortic lumen. Overall, an FFT is a rare
phenomenon that is seldom seen in the absence of aortic an-
eurysm or atherosclerotic disease. When diagnosed in an oth-
erwise normal aorta, the event is usually associated with a
variety of conditions that predispose a patient to arterial throm-
bus formation, such as a genetic condition of hypercoagula-
bility, trauma, malignancy, or prior surgery [1,2]. The diagno-
sis is typically made after an embolic event, but FFT can also
be found incidentally or postmortem. Imaging modalities for
localization include computed tomography angiography (CTA)
and transesophageal echocardiogram [3,4]. Once diagnosed,
traditional treatment options for FFT include anticoagulation,
thrombectomy, thrombolysis, and endovascular grafting [5,6].

A more recent condition implicated in FFT formation is infec-
tion with the SARS-CoV-2 virus. Given the novelty of the SARS-
CoV-2 virus, the incidence of FFT and the best course of treat-
ment in COVID-19 is still unknown. Although there are reports
of COVID-19-associated arterial thromboembolisms, including
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FFT, there has been only 1 other report of thrombectomy for a
COVID-19-associated thrombus discussed in the literature [7-
10]. The present case describes a patient with COVID-19-related
acute respiratory distress syndrome found to have an inciden-
tal FFT that was successfully treated with percutaneous vac-
uum-assisted aortic thrombectomy.

Case Report

The patient was a 61-year-old man with a history of hyper-
tension who presented to the hospital for worsening cough
and exertional dyspnea. On admission, polymerase chain re-
action testing for SARS-CoV-2 was positive. He rapidly devel-
oped acute hypoxic respiratory failure, requiring supplemental
oxygen through a high-flow nasal cannula (HFNC). Initial diag-
nostic imaging with CT pulmonary angiogram, performed ow-
ing to an initial elevation of D-dimer, hypoxia, and tachycardia,

Figure 1. (A) Computed tomography pulmonary angiogram

obtained on the patient’s initial presentation. This axial
view on cross-sectional imaging demonstrates patency
within the aortic arch without any thrombus visualized.
(B) Subsequent computed tomography pulmonary
angiogram obtained around day 10 of patient’s hospital
course, when D-dimer increased 3-fold from 2350 ng/
mL to 6840 ng/mL and raised suspicion for a new
thrombotic event. This axial view on cross-sectional
imaging demonstrates formation of new thrombus
(arrow) within the aortic arch that was not present

on the previous computed tomography pumonary
angiogram (Figure 1A). (C) Cross-sectional imaging
from a computed tomography pulmonary angiogram
obtained on the patient’s initial presentation. Again,
demonstrating patency within the aortic arch without
any visualized thrombus on sagittal view.
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Table 1. Trends of COVID-19 inflammatory markers, including high-sensitivity C-reactive protein, lactate dehydrogenase, D-dimer,
ferritin, interleukin-6, and procalcitonin throughout the hospital course.

Hospital Day 1 2 4 6 8 10* 11 12 14 16 18
Reference
range
CRP-HS 0-1.00 mg/dL 1235 1037  4.06 2.16 0.75 1292 823 2.75 0.70 1.65 =
D-Dimer <500 ng/mL 1,630 1,870 2,860 2,400 2,350 6,840 2,680 2,010 1,640 1,190 960
LDH 140-271 U/L 387 346 325 277 231 307 260 203 138 126 165
Ferritin 23-233 ng/mL 1,175 1,016 815 690 555 1,244 988 656 504 461 414
Interleukin 6 <2.0 pg/mL 26.0 = 8.7 = = = = = = = =
Procalcitonin <0.10 ng/mL  0.07 — -— = 0.09 0.08 = = = = =
* Day 10: FFT diagnosed via CT pulmonary angiography.
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Figure 2. D-dimer, a COVID-19 inflammatory marker, trended throughout hospitalization. X-axis represents hospital days from day
1, the first day of hospitalization, to day 18, day of hospital discharge. D-dimer was trended approximately once every 2
days; therefore, aside from days 1 and 2 and days 10 to 12, which represent 24-h time frames, all other data points are
approximately 48 h apart in the patient’s hospital course. Y-axis is representative of D-dimer values in ng/mL obtained
throughout hospitalization. Values are listed in 1000 ng/mL increments. Day 10 (arrow), represented on the X-axis,
demonstrates the day the patient’s D-dimer rose significantly and peaked at 6840 ng/mL, as represented on the Y-axis.
Close monitoring of the D-dimer trend and observation of its peak on day 10 led to further investigation with computed
tomography angiography, which ultimately led to the discovery of a new aortic free-floating thrombus.

revealed extensive bilateral multifocal and confluent ground-
glass opacities, but no thrombi (Figure 1). During the patient’s
hospital course, he was treated with a 10-day course of dexa-
methasone, 5-day course of the antiviral medication remdesi-
vir, pharmacologic thromboprophylaxis, and convalescent fresh
frozen plasma under the FDA emergency use authorization.

Nine days into hospitalization, his pulmonary symptoms ap-
peared to plateau, but he continued to require significant
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supplemental oxygen support through HFNC. His inflammatory
markers, including high-sensitivity C-reactive protein, lactate
dehydrogenase, ferritin, and D-dimer, showed a distinct rise
after initially starting to downtrend (Table 1). This was most
notable in his D-dimer value that increased almost 3-fold, from
2350 ng/mL to 6840 ng/mL (Figure 2). D-dimer is known to rise
within 4 days of a thrombotic event and fall within 1 week of
the event [11]. Owing to the patient’s sharp rise in D-dimer lev-
el and inability to wean from HFNC, there was concern for an
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Figure 3. Transesophageal echocardiogram demonstrating
a floating aortic thrombus. The short-axis upper
esophageal view of the descending aortic thrombus
on transesophageal echocardiogram showed a
well-defined floating mass with irregular borders,
confirming suspicion for a floating aortic thrombus.

interval thrombotic event. A repeat CT pulmonary angiogram
was performed, which did not show any pulmonary emboli but
revealed a new incidental finding of a 1.4-cm nodular filling
defect within the distal aortic arch and proximal descending
thoracic aorta, suggestive of an FFT (Figure 1). A transesoph-
ageal echocardiogram (Figure 3), followed by a CT aortogram,
confirmed the presence of a 1.14x0.87-cm mobile thrombus in
the distal aortic arch and proximal descending aorta. In both
imaging modalities, the aorta was noted to be normal in size
and structure without any evidence of aneurysm or dissection.

After the FFT was discovered, therapeutic anticoagulation with
a heparin drip was initiated. The case was discussed jointly
among the cardiothoracic surgery, vascular surgery, and in-
terventional radiology teams, with a final decision to perform
aortic mechanical thrombectomy using the Angio-Vac device
(AngioDynamics, Latham, NY, USA). During the procedure, an
aortic angiogram and intravascular ultrasound of the aorta en-
sured complete removal of any residual thrombus and con-
firmed no further embolization of the thrombus. The patient
underwent the procedure with successful aspiration of the FFT.
The specimen was sent for pathology testing, which identified
only fibrin material (Figure 4).

The patient tolerated the procedure well and without compli-
cations. His inflammatory markers steadily decreased (Table 1).
He was transitioned from a heparin drip to a direct-acting oral
anticoagulant, apixaban (Eliquis), which he was instructed to
continue for a duration of 3 months. The patient was success-
fully weaned to a nasal cannula and discharged to a skilled
nursing facility for further rehabilitation owing to his physi-
cal deconditioning.
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Figure 4. Gross specimen of the free-floating aortic thrombus.
An aortic thrombus, 0.9 cm at the largest diameter and
composed of mainly fibrin material, was extracted from
the aorta using the endovascular technique.

Discussion

Despite its novelty, the SARS-CoV-2 virus is an emerging disease
that has already been implicated as a cause of coagulopathy.
Increased rates of venous and arterial thromboembolisms oc-
curring in individuals with COVID-19 have been reported [12].
While venous thrombotic events seem to occur more frequent-
ly, arterial thrombotic events, such as floating aortic throm-
bus, have also been described [7,8]. The pathophysiology of
COVID-19-associated thrombosis and coagulopathy is thought
to be secondary to a severe derangement of homeostasis due to
an excessive immunologically mediated thrombogenic and hy-
perinflammatory response to SARS-CoV-2 infection. Laboratory
features of patients with SARS-CoV-2 infection highlight this
increase in inflammation and disruption in the production of
coagulation factors and include elevated levels of D-dimer, fac-
tor VIII, fibrinogen, PT/aPTT, IL-6, TNF-alpha, and IL-1beta. The
systemic cytokine production leads to platelet activation and
interaction with neutrophils, creating neutrophil extracellular
traps, which further stimulate fibrin deposition and thrombin
production, leading to micro and macro thrombosis [13-15].

Diagnosing FFT in COVID-19 can be rather difficult because
the clinical presentation of FFT can significantly vary, ranging
from life-threatening distal embolization to other organs to
asymptomatic disease [16]. While many FFTs are diagnosed
after an embolic event, some are found incidentally or post-
mortem [3]. Some institutions have adopted the use of inflam-
matory markers as a surrogate for monitoring disease severity;
however, there are no clear guidelines on the use of inflam-
matory markers to detect possible thrombosis secondary to
COVID-19. The present case describes the use of inflammato-
ry markers to further support a suspicion for new thrombosis.
It is unclear whether the increases in D-dimer and high-sensi-
tivity C-reactive protein in this case were coincidental findings
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or true correlates of a new thrombosis. Further data regarding
inflammatory markers and their correlation with development
of new thrombotic events needs to be obtained before addi-
tional inferences can be made. Because COVID-19 coagulop-
athy is a disturbance of homeostasis, some institutions have
explored using clot waveform analysis, viscoelastic testing, and
thrombin generation to detect a hypercoagulable state with
promising results [13-15]. Perhaps guidelines should also ad-
dress the use of these more precise tests of hypercoagulabil-
ity in patients with COVID-19 in place of the less precise in-
flammatory markers that are more commonly used.

Because clear guidelines on monitoring for thrombosis do not
currently exist, the present case further emphasizes the im-
portance of appropriate pharmacologic thromboprophylaxis
in all hospitalized patients with COVID-19. Even with proper
pharmacological thromboprophylaxis, as this case demon-
strates, thromboembolic events occur. The American Society
of Hematology currently recommends using prophylactic-in-
tensity anticoagulation over intermediate- and therapeutic-in-
tensity anticoagulation in COVID-19-related critical illness and
acute illness. The preliminary results of the REMAP-CAP, ACTIV-
4a, ATTACC trials also do not currently support using therapeu-
tic-intensity anticoagulation in patients with COVID-19 [17].

Once discovered, prompt treatment of an FFT is usually sug-
gested, given that the rate of free-floating thrombi embolization
has been described to be as high as 75%, compared with 12%
for adherent thrombi [16,18]. Currently, however, the optimal
treatment approach for aortic FFT is unclear, including those
that occur in the setting of COVID-19. Therapeutic options that
have been used for FFT include anticoagulation, thrombectomy,
thrombolysis, and endovascular grafting [5,6]. The existing lit-
erature suggests that a more aggressive surgical approach may
be preferable to anticoagulation alone due to the higher like-
lihood of persistent or recurrence thrombus in individuals pri-
marily treated with anticoagulation [1,3]. The only other case of
thrombectomy performed for a COVID-19-associated thrombus
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described by Schmid et al used an invasive open thrombectomy
approach. The present case is unique because it demonstrates
successful treatment of a COVID-associated FFT through a min-
imally invasive approach using percutaneous vacuum-assisted
thrombectomy. The advantages of such a technique include de-
creased procedure time and thus decreased risk of exposure of
staff to viral infection and faster postoperative recovery time.

Conclusions

With the increasing prevalence of COVID-19 worldwide, there
is undoubtable concern for the subsequent downstream con-
sequences of the disease, including, but not limited to, arteri-
al and venous thromboembolic events. Further investigation
to find the optimal method for treatment of and monitoring
for resultant arterial and venous thromboembolism is crucial,
given the possible morbidity and mortality that can result. This
case further emphasizes the role of pharmacologic thrombo-
prophylaxis in patients with COVID-19 that is stressed by the
American Society of Hematologists and Cardiologists as well
as the International Society on Thrombosis and Haemostasis.
This case is one of the first in the literature to demonstrate
the successful use of minimally invasive thrombectomy for
treatment of a COVID-19-associated FFT.
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