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Background COVID-19 (severe acute respiratory syndrome coronavirus 2) infected patients have increased risk for thrombotic
events, which initially may have been under recognized. The existence of cardiovascular emboli can be directly life
threatening when obstructing the blood flow to vital organs such as the brain or other parts of the body. The
exact mechanism for this hypercoagulable state in COVID-19 patients yet remains to be elucidated.

Case summary A 72-year-old man critically ill with COVID-19 was diagnosed with a free-floating and mural thrombus in the thor-
acic aorta. Subsequent distal embolization to the limbs led to ischaemia and necrosis of the right foot. Treatment
with heparin and anticoagulants reduced thrombus load in the ascending and thoracic aorta.

Discussion One-third of COVID-19 patients show major thrombotic events, mostly pulmonary emboli. The endothelial ex-
pression of angiotensin-converting enzyme-2 receptors makes it feasible that in patients with viraemia direct viral-
toxicity to the endothelium of also the large arteries results in local thrombus formation. Up to date, prophylactic
anticoagulants are recommended in all patients that are hospitalized with COVID-19 infections to prevent venous
and arterial thrombotic complications.
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Learning points

® Prophylactic anticoagulants are recommended in all patients that are hospitalized with COVID-19 infections to prevent venous and arterial
thrombotic complications.
® Elevated D-dimer levels upon hospital admission of COVID-19 patients may accordingly guide the choice of therapeutic anticoagulants.

Introduction novel spectrum of associated clinical symptoms. While most individuals

. infected with the severe acute respiratory syndrome coronavirus 2
The coronavirus disease 2019 (COVID-19) pandemic unprecedentedly (SARS-CoV-2) only experience mild to moderate symptoms, some
pressurized the healthcare systems in many countries, in part due to a (<2%) suffer from more a critical or fatal course of infection." In
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COVID-19 patients, a striking amount of coagulation abnormalities and
is found, despite prophylactic anticoagulation treatment."* Here, we
present a case with a critical course of COVID-19 infection with major
thrombotic events in the ascending and descending thoracic aorta.

Timeline

Day 1 A 72-year-old patient with a critical course of COVID-
19 (severe acute respiratory syndrome coronavirus 2)
infection admitted to the intensive care unit (ICU) for
intubation, inotropes, and continuous veno-venous
hemofiltration

Day 21 Extubation

Day 23 Re-intubation due to progressive respiratory
insufficiency

® Computed tomography (CT) thorax angiography: se-
vere COVID-19 related bilateral ground glass pattern
of the lungs without signs of pulmonary embolism

® Computed tomography angiography: free-floating
thrombus in the distal thoracic aorta

® Start unfractionated heparin therapy

Day 24 Physical examination: blue toe syndrome

Day 25 Computed tomography angiography vasculature lower
extremities: occlusion of the right posterior tibial
artery

Day 30 Dark blue toes/signs of toe necrosis

Day 30 Follow-up CT angiography: decrease of the aortic
thrombus load

Day 35 Weaning from mechanical ventilation

Stop heparin therapy, start oral anticoagulants

Day 45 Intensive care unit acquired weakness and ongoing
delirium
Day 90 Normal cognitive functions, substantial physical rehabili-

tation in progress
Day 150  Surgical surveillance and amputation of necrotic toes,

general daily life activities independently

Case presentation

A 72-year-old Caucasian male, no relevant medical history or medi-
cation use, was admitted to the intensive care unit (ICU) with respira-
tory failure, shock, and multi-organ failure (Creatinine > 250 pmol/L,
GFR < 20 mL/min) from a critical SARS-CoV-2 infection for which he
received mechanical ventilation, inotropes, antibiotics, and continu-
ous veno-venous haemofiltration (50001U heparin/L 0.9% saline).
Upon admission, the physical examination did not show abnormal-
ities of the extremities and coagulation parameters were normal
(aPTT 24-34s, INR 1.05). Three weeks later the patient was extu-
bated and free of inotropes and dialysis, however, due to progressive
respiratory insufficiency, a re-intubation was required two days later.
Electrocardiogram showed a sinus rhythm with signs of ischaemia but
not acute myocardial infarction, Aspirin was therefore started.
Supplementary diagnostic CT thorax angiography showed a severe
COVID-19 related bilateral ground-glass pattern of the lungs without
signs of pulmonary embolism (D-dimer was not determined because
of a high acute phase response (e.g. CRP 172mg/L) and adequate
imaging for detection of pulmonary embolism). Moreover, CT angi-
ography revealed a mural thrombus (4 mm x 6 mm) in the arch of
the ascending aorta (Figure 1A, left panel) and a free-floating thrombus
(3.5 mm x 25 mm) in the distal thoracic aorta (Figure 1A, right panel).
Besides, minor age-compatible atherosclerotic plaques were seen,
mostly in the descending aorta and not at the site of the aortic
thrombi. Treatment with unfractionated heparin was started with a
therapeutic target range (aPTT 48-68s, 1.5-2.5 X patient baseline).
Physical examination the following day revealed a blue toe syndrome,
more profound on the right foot when compared to the left.
Additional CT angiography of the peripheral vasculature of the legs
revealed an occlusion of the right posterior tibial artery without signs
of significant atherosclerosis (Figure 2A,B). Computed tomography
brain did not show signs of cerebrovascular ischaemia (Figure 2C).
Computed tomography angiography of the abdomen revealed intact
renal and mesenteric perfusion (Figure 2D,E). Follow-up CT aorta 1
week later showed stabilization of the mural thrombus (4 mm x 5
mm) and resolution of the free-floating thrombus (Figure 1B).

Despite reduction of thrombus load in the aorta and prevention of
new thrombi by heparin treatment for a week, the digits 1-3 of the
right foot became necrotic (Figure 3A,B), while the left lower limb

Figure | COVID-19 related thrombi in the aorta. (A) Sagittal views of aortic computed tomography angiography displaying a mural thrombus in
the aortic arch (left side, indicated by white arrow) and a free-floating thrombus in the distal thoracic aorta (right side, indicated by white arrow). (B)
Computed tomography images displaying the situation after 7 days of Heparin treatment. Note: The free-floating thrombus in the thoracic aorta has
decreased in size (right side, indicated by transparent arrow), while the thrombus in the arch appears similar in size. White arrow indicates a throm-

bus. Transparent arrow indicates (partial) thrombus resolution.
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Figure 2 Distal embolization in the legs but no other parts of the body. Computed tomography images from other organs and extremities showing
(A) absence of thrombi in the upper leg vasculature (transparent arrows), (B) presence of a stop in the right posterior tibial artery (white arrow) but
not in the left posterior tibial artery (transparent arrow), (C) no cerebral vascular involvement, (D) adequate perfusion of the renal arteries (transpar-
ent arrows), and (E) good blood flow in the mesenteric and femoral arteries (transparent arrows). Transparent arrow indicates perfusion. White

arrow indicates a stop.

Figure 3 Distal embolization of the right leg resulted in necrosis of the foot. (A) Image of necrotic digit 1-3 right as observed in the second week
post-ICU admission. (B) Image of the necrotic right foot with partial necrosis of also digit 4 as observed in the outpatient setting 10 weeks after initial

diagnosis.

recovered. Presumably, this compromised blood supply to the right
foot was caused by a distal embolization of a large part of the free-
floating thrombus in the thoracic aorta. During the course of these
events, the patient persistently tested positive for SARS-CoV-2 (dir-
ect PCR on nasopharyngeal swab). Two weeks after admission the
kidney function improved (Creatinine 157 umol/L, GFR 38 mL/min)
and eventually returned to normal for age (Creatinine 102 umol/L,
GFR 61 mL/min). Moreover, one blood culture was positive for an
Enterococcus faecium that was sensitive to Vancomycin treatment.
Blood cultures taken one day later showed no growth of microbes.
Additional echocardiography showed no signs of endocarditis.

After second time weaning from mechanical ventilation 5 days
later, and during rehabilitation, the patient switched to anticoagulant
treatment with coumarins (acenocoumarol) (target INR 2.0-3.0) for
a scheduled duration of at least 3 months and until follow-up CT
aorta was scheduled. Upon arrival at the COVID unit, the patient
was still suffering from an ICU acquired weakness and a delirium. In
the weeks after, the patient’s cognitive functions improved and he
was subsequently transferred to a rehabilitation facility expected to
make a full cognitive and substantial physical recovery. Amputation of

the necrotic digits 1-3 of the right foot was performed 3 months
after discharge.

Discussion

A free-floating thrombus in the ascending aorta is a rare finding.
Pathophysiologically, thrombus formation in large vessels only occurs
in case of altered intravascular flow (e.g. atrial fibrillation, aneurysm),
inflammation of the vessel wall (e.g. vasculitis), or damage of the
endothelium in combination with inflammation (e.g. rheumatic or
bacterial endocarditis, ulcerated plaques). In COVID-19 patients, co-
agulation abnormalities and thrombosis are frequently found, despite
prophylactic anticoagulation treatment. Over 30% of patients in ICU
suffer from pulmonary embolism or other thrombosis, including two
other cases of aortic thrombi>*® The triggers for the hypercoagu-
lable state in COVID-19 patients remain to be elucidated. Suspected
triggers are hyperinflammation- and hypoxia-related damage to
endothelium, and subsequent thrombus formation in small- to
medium-size vessels." However, massive thrombus formation in the
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aorta in absence of vessel wall damage or massive atherosclerosis is
unexpected in viral infections. Initial reports on SARS-CoV-2 have
shown a high specificity for virus binding to the angiotensin-
converting enzyme-2 (ACE-2) receptor as a mechanism to invade
host cells. The ACE-2 receptor is expressed widely in the human
body, including on the vascular endothelium.® A small postmortem
study in 12 patients who died from COVID-19 found that vir-
aemia was present in about 60% of cases. High viral load in other
organs than the lungs was observed in the liver, kidney, and
heart,’ suggesting a haematogenic spread of the virus through the
body. Therefore, it is imaginable that the aortic thromboembolism
in these patients may be caused by ACE-2 mediated SARS-CoV-2
infection of the large vessel wall, resulting in local injury and intra-
vascular activation of the clotting cascade. The superinfection in
this patient may have been an additional contributing factor to
the hypercoagulable state, however, generally, E. faecium infections
are not directly associated with arterial emboli, and therefore it
seems unlikely to be the main substrate.®

In the case we presented here, the patient suffered from a critic-
al course of SARS-CoV-2 infection with thrombotic complications
of the aorta. The peripheral ischaemia/necrosis most likely is
explained by distal embolization of the free-floating thrombus, es-
pecially since upper extremities and other organs in this case were
not involved. Clinical awareness should be in place for recognition
of distal embolization to the brain, spleen, kidneys and/or other
organs. In this case, treatment with heparin was effective for reduc-
ing thrombus load in the aorta and for preventing new thrombi
formation, however, did not prevent necrosis of the lower right
extremity. Other treatment options can include thrombolysis,
interventional, or surgical removal of thrombi. In light of the sever-
ity of COVID-19 in this patient, these advanced options for blood
flow restoration to the right foot were considered too high risk
for adverse events. The existence of venous and/or arterial
thromboembolic events, especially early on in the pandemic, has
been under-recognized in patients suffering from a severe course
COVID-19 infection and D-dimer level measurement at admission

will facilitate early recognition.”™"

Conclusion

In summary, in this case, a 72-year-old Caucasian male with severe
COVID-19 experienced complications resulting in multiple thrombi at
the luminal side of the aorta. Heparin treatment in this case decreased
thrombi size and possibly prevented the involvement of other organs,
but could not resolve toe ischaemia. In retrospect, D-dimer levels
upon hospitalization could have led to an earlier recognition of the
hypercoagulable state in this patient and hence earlier start of anticoa-
gulants. Recent retrospective studies indicate that an elevated D-dimer
is associated with catastrophic outcomes in COVID-19 patients.
Currently, a number of randomized clinical trials (NCT04372589,
NCT04367831, NCT04345848, and NCT04366960) are investigating
the efficacy of dose-specific thrombo-prophylaxis. Therefore, it should
be considered to measure D-dimer levels upon hospital admission and
to treat hospitalized COVID-19 patients accordingly with prophylactic

or therapeutic anticoagulants.”""
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.
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