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Abstract: Coronavirus disease 2019 (COVID-19) is associated with endothelial inflammation and a hypercoagulable
state resulting in both venous and arterial thromboembolic complications. Even though aortic clots are rare, the pro-
coagulant nature of COVID-19 is associated with thrombosis in atypical locations and should be considered in patients
with severe abnormalities in coagulation parameters. We present a case of COVID-19 associated with aortic thrombus in

a 62-year-old female patient with comorbidities.
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Introduction

Severe acute respiratory distress syndrome in association with
coronavirus 2 (SARS-CoV-2) is a human coronavirus infection
(COVID-19). At the time of this research more than 43 mil-
lion cases have been reported around the world since the first
hospitalization in China on December 12, 2019 and more than
1 million deaths have occurred. More than 5 million cases have
been confirmed in Brazil and more than one 1 million in Sio
Paulo, the epicenter of the infection in the country.'

SARS-CoV-2 is known to have high morbidity and mortal-
ity rates and its severe symptoms include dyspnea, tachypnea,
hypoxia, respiratory failure, septic shock or multiple organ dys-
function (MOD). Evidence of abnormal coagulation parameters
associated with COVID-19 appeared in early reports from China.?
The mechanisms of SARS-CoV-2 that activate coagulation in
infection are still unclear, but appear to have more correlation
with inflammatory reactions than with specific viral properties.’

The main thrombotic complications are deep vein thrombosis,
microvascular thrombosis, and pulmonary embolism.** Data
suggest the existence of hypercoagulable state in patients diag-
nosed with COVID-19.> This hypercoagulability, induced by
COVID-19, seems to cause venous thromboembolic events and
arterial complications. Aortic thrombus cases are rare, although
they are slowly being reported in association with COVID-19,
which shows that its occurrence has been underestimated, be-
cause these cases were secondarily diagnosed in CT pulmonary
embolism screening.

In the present case, we report a COVID-19 induced refractory

shock secondary to sepsis in association with aortic thrombus
and heart failure.

Case Report

A 62-year-old female patient, obese grade 1, with previous
diabetes and systemic arterial hypertension (SAH), was presented
to the emergency room (ER) with complaints of myalgia, runny
nose, lack of appetite, and dry cough which started 9 days ago.
Even though the patient experienced watery diarrhea (about 4-5
episodes/day), that lasted for 3 days, she was discharged with
general orientations.

The patient returned to the clinic 48 hours after the first at-
tendance and presented persistent cough, lack of appetite, and
subfebrile temperature (37.5° C). Physical examination was un-
remarkable. A chest CT, without contrast, conveyed bilateral
ground glass pulmonary opacities, more evident in the peripheral
pulmonary segments, with less than 50% involvement (Figure
1). The diagnosis of COVID-19 was confirmed by RT-PCR.
The patient was hospitalized and intravenous antibiotic therapy
with Ceftriaxone (1g IV) and Azithromycin (500mg PO) was
performed. In the midst of the hospitalization, the patient de-
veloped persistent fever, worsening of the breathing pattern (Sat
02 90% and respiratory rate 30 breaths per minute), and had
axillary temperature of 37.9°C, a heart rate of 90 bpm, which
led to a nasal catheter at 4L/min. Through a physical pulmonary
examination, it was possible to assess that she had muffled breath
sounds at the bases, with crackling rales. Blood tests showed
elevated inflammatory markers (Table 1).
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Figure 1. Computed tomography showing bilateral ground-
glass pulmonary opacities.

Table 1. Laboratory tests.

April29  April30 May 1 May 3 May 4
Hb (g/dL) 12 1.7 1.7 1.2 1.4
Hect 37 35.9 35.2 33.8 36
PLT (x 103/pL) 205 210 287 360 391
Leucocytes (x 103/pL) 5700 7600 8600 9800 18100
Lymphocytes 1174 1216 1393 588 2715
aPTT (s) 50.3 - - - 41.2
RNI 1 (48.5) - - - 1.33
DHL UI/D 272
D-dimer (ug/dD) 0.96 - - - >20
PCR (mg/dL) 12.43 14.61 22.46 32.75 36.41
Na (mEq/D) 141 141 145 144 149
K (mEq/D) 3.9 3.7 4.1 85 3.8
Urea (mg/dL) 12 21 32 60 78
Creatinine (mg/dL) 0.53 0.46 0.5 0.58 1.4

The clinical state worsened (Sa O2 90% - 88%, RR 28 breaths
per minute), and the new CT (Figure 2) pointed to bilateral
laminar pleural effusion and to marked increase in diffuse and
symmetrical ground-glass pulmonary opacities. The extent of
pulmonary involvement was estimated to be greater than 75%.
Therefore, she was transferred to the ICU due to the worsening
of the respiratory condition and received supplementary oxygen,
through a high-flow mask (10L/min, Sa Oz 89% and RR 44
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Figure 2. Computed tomography showing ground-glass dif-
fuse and symmetrical pulmonary opacities, with an estimated
extension of lung involvement of more than 75%.

breaths per minute).

Despite the treatment implemented, the patient deteriorated by
the worsening breathing pattern (Sat O2 = 80%) and respiratory
failure, metabolic acidosis (ph=7, PCO2 62 mmhg and arterial
lactic acid 104 mg/dL) and acute kidney injury (KDIGO3), with
an elevation in creatinine level (1.40 mg/dL) and a decrease in
the glomerular filtration rate (40 mL/min/1.73). She underwent
mechanical ventilation with the following parameters: VC 420
mL, PEEP 12cmH»0, FiO2 80%, RR 30bpm and Sat O2=95%.

After intubation, the patient was diagnosed with refractory
hypoxemia and succumbed to shock. Consequently, prone po-
sition was performed due to hypoxemia and the hypothesis of
cor pulmonale was suggested due to the respiratory condition.
Echocardiograms point of care (only apical window possible)
showed enlargement of the right chambers with dysfunction of
the right ventricle. It was decided to perform transesophageal
echocardiography and it demonstrated a significant increase in the
right chambers, without visualization of the proximal thrombus
in the pulmonary artery; hyperdynamic left ventricular function
and aorta without signs of ulcer or dissection, but large thrombus
in ascending aorta (Figure 3).

The next decision was a treatment that included anticoagulant
with low weight molecular heparin (LMWH) and increased dos-
ages of intravenous diuretic. The patient, however, deteriorated
with hemodynamic instability and shock (arterial lactic acid 105
mg/dL), and hemodynamic support was administered with va-
soactive drugs (noradrenaline 0.85 mcg/kg/min and vasopressin
0.04UI/min). Despite the clinical measures adopted, the patient
died in her second day of admission in the ICU. It was not pos-
sible to identify the relationship between thromboembolic events
in the arterial system and the patient's death. Notwithstanding
that there was a relationship, it wasn’t possible to verify it, since
there were no exam images (eg, tomography).
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Figure 3. Echocardiography showing an image of a thrombus
in the ascending aortic artery (red arrows).

Discussion

Complications related to COVID-19 are mainly caused by the
extent of lung damage. On the other hand, coagulation disorders
in association with the virus have been reported since the first
cases and have become frequent.® Such disorders are related to
thromboembolic phenomena as a consequence of the inflamma-
tory response, which gave rise to the term immuno-thrombosis
(immune cells and thrombo-specific mediator induce a type of
physiological microvascular thrombosis).” Severely ill patients
have been reported to have elevated levels of pro-inflammatory
cytokines (interleukins 1 and 6, tumor necrosis factor and interfer-
on-g) in the blood, a condition known as "cytokine storm”. The
causes that activate coagulation in Covid-19 infection are still un-
clear, but they seem to have higher correlation with inflammatory
reaction rather than to specific viral properties.> SARS-CoV-2
might directly infect endothelial cells and leads to apoptosis and
endothelial inflammation. These changes provide the enrollment
of macrophages and granulocytes synthesizing pro-inflammatory
cytokines. Since the infection is not controlled, the inflamma-
tion grows and induces a procoagulant state, characterized by
massive thrombin production. The hypercoagulable state may
be further enhanced by hypoxemia. Hypoxia-inducible transcrip-
tion factors (HIFs) may directly activate platelets and coagula-
tion factors, increasing TF and PAI-1 expression, and inhibiting
the endogenous anticoagulant protein contributing to worsening
hypercoagulability.® Acute respiratory distress syndrome (ARDS)
itself is a procoagulant state.® The diffuse pulmonary endothelial
damage associated with platelet activation could predispose the
formation of micro- and macro-thrombi.

SARS-CoV-2 infection, in its most severe presentation, is
marked by MOD that meets the diagnostic criteria for sepsis.

Recent observational studies correlate a state of hypercoagulabil-
ity with the severe form of COVID-19, where “sepsis-induced
coagulopathy” (SIC) and/or “disseminated intravascular coagula-
tion” (DIC) appear to be present in most fatal cases. The reduction
of arterial oxygen pressure in critically ill patients provides the
occurrence of ischemic syndrome and MOD.?

Due to the replication of the virus, we observed infiltration ofin-
flammatory cells, apoptosis of endothelial cells and microvascular
prothrombotic effects.'” In addition to this microangiopathy, the
endothelial damage may also explain cerebrovascular complica-
tions, myocardial ischemia and thromboembolic complications in
the macrocirculation (as in the present report). While ordinarily
programmed to combat blood clotting and thrombus accumu-
lation, the endothelium—when activated by inflammatory or
infectious signals—can exert an opposite battery of functions.
While critically important in staunching hemorrhage or other
injuries, during disease the endothelial surface can promote clot-
ting of arteries, microvessels and veins, contributing critically to
thromboembolism. According to a publication by Petter Libby
et al “COVID-19 is, in the end, an endothelial disease”.!!

It is estimated that 50% of patients infected with COVID-19
have increased D-dimer levels during disease progression, which
is directly associated with the risk of thrombosis and poor disease
prognosis.'? It is known that all critically ill patients benefit from
prophylactic anticoagulation, but the possibility of a full dose
parenteral anticoagulation has been raised by some physicians,
even before the evidence of thrombosis and despite the risk of
bleeding.”® As of now, it is not possible to evaluate the safety/
efficacy profile of such unusual strategies. The optimal dosage
of patients diagnosed with severe COVID-19 remains unknown
and warrants proper randomized clinical trials. A retrospective
study conducted at the Tongji hospital (Wuhan, China) with
449 patients described the occurrence of a lower mortality rate
in patients with severe COVID-19 that were treated with anti-
coagulants, unfractionated heparin or LMWH, and had a very
high SIC score =4 and/or D-dimer (>6 times the upper limit
of normal)." A curious finding in this study is that mortality
was higher in other subgroups, supposedly less severe, that used
prophylaxis with heparin when compared to that didn’t. Accord-
ing to these authors, this is due to the fact that the activation of
coagulation can be beneficial and because it compartmentalizes
pathogens and reduces their invasion.

Otbher cases of thromboembolic events have been reported, (eg,
a mural aortic thrombus, in which case the patient also received
anticoagulation).'>!® It is understood, that in hypercoagulable
states, such as that found with COVID-19, patients should be
screened for thromboembolism and, if confirmed, patients would
need effective anticoagulation.

Conclusion

All patients with COVID-19 have to undergo risk stratification
and be considered high risk patients (with validated risk-scores
such as the Caprini, IMPR OVE, and Padua models) and receive
in-hospital thrombo-prophylaxis. Standard doses should be used
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until further data emerge from ongoing randomized clinical trials. Med. 2020;50736-4679(20):30851-30859.
16. Arbelaez DG, Sanchez GI, Gutierrez AG, et al. COVID-19—related

The durati f anti lati hould be defined i -by-
¢ duration of atcoagtiation Shotic be Gelned 1 a case-by aortic thrombosis: a report of four cases. Ann Vasc Surg. 2020,67:10-13.

case basis but given the severity of COVID-19 in association
with thrombotic events it is reasonable to consider prolonged
anticoagulation therapies.'* W
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