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Abstract
BACKGROUND
The hypercoagulable state associated with coronavirus disease 2019 (COVID-19) has been shown to complicate the course of this viral illness with both venous and arterial clots.  Often presenting after hospitalization and known COVID-19 diagnosis, the etiology of thrombosis has been attributed to the hyperinflammatory state and endothelial dysfunction associated with COVID-19.  This report portrays a patient who experienced an aortic thrombosis resulting in back and leg pain with subsequent loss of motor function of his legs as his initial presentation of COVID-19. 

CASE SUMMARY
Patient is a 60-year-old Caucasian male with no medical history who presented with sudden onset pain in his lower back and lower extremities.  He went on to experience complete motor loss of the lower extremities two hours after admission.  Chest pain and shortness of breath developed one day later but were not present at time of presentation. Computed tomography angiography of the chest, abdomen, and pelvis revealed occlusion by thrombosis of the abdominal aorta in addition to multifocal pulmonary ground-glass opacities prompting COVID-19 PCR, which was positive.  He was taken to surgery for attempted thrombectomy and the thrombus was retrieved starting from the right common femoral artery, but a second thrombus had immediately reformed in place of the prior thrombectomy site resulting in conclusion of the procedure. He was continued on unfractionated heparin and received a dose of tocilizumab 400 mg, but rapidly developed hemodynamic compromise and expired from cardiac arrest. 

CONCLUSION
This presentation emphasizes the importance of evaluating patients for COVID-19 who experience unusual thromboses without superior explanation.
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Core tip: Aortic thrombosis preceding respiratory symptoms should raise suspicion for testing for coronavirus disease 2019 in patients with unusual thrombosis presentation.

INTRODUCTION
The known hypercoagulable state associated with coronavirus disease 2019 (COVID-19) infection has been implicated as a common cause of morbidity and mortality. The presentation can range from microthrombi to large thromboses in both intra- and extrapulmonary vessels.  In addition, the diagnosis of thrombosis often occurs days to weeks after the initial onset of respiratory symptoms, resulting in worsening of overall clinical status and prognosis. One study in France showed that pulmonary embolism (PE) was diagnosed with a mean of 12 days since initial onset of symptoms in COVID positive patients[1]. The converse, of having an obvious thrombotic event preceding onset of respiratory symptoms, may lead providers away from testing a patient for COVID-19.  There have been two reports of aortic thromboses in patients with COVID-19 pneumonia, but thrombosis occurred after the patient was already known to be positive for COVID-19.  The hypercoagulable state associated with this infection should be considered in patients with no obvious risk factors for thrombosis or evidence of thrombosis in an unusual location, as endothelial dysfunction coupled with hyperinflammation are thought to be mediators of this hypercoagulable state.  In this case report, we describe a patient who presented with back and leg pain, and further work up revealed extensive thrombosis in the aorta, iliac, and superior mesenteric arteries (SMA).  His abnormal chest imaging prompted PCR testing for COVID-19, which was positive.  Our case displays the importance of appreciating the hypercoagulability associated with COVID-19 and raises awareness to a variety of possible presentations.

CASE PRESENTATION
Chief complaints
Patient is a 60-year-old incarcerated Caucasian male with no past medical history who presented to the hospital with complaints of sudden onset pain in his lower back and lower extremities.

History of present illness
He went on to experience complete motor loss of the lower extremities two hours after admission.  Chest pain and shortness of breath developed one day later but were not present at time of presentation. He did not have any other symptoms indicative of infection including fever, chills, or cough.  He was not taking any medications.  

History of past illness
Patient has no past medical history.  

Physical examination
Vitals at presentation were blood pressure 99/47, pulse 126 beats per minute, temperature 36.8 oC, respirations 15 per minute, and oxygenation 99% on room air.  Neurologic exam of the lower extremities initially revealed 3/5 motor strength, but sensation was intact. Repeat exam in 2 hours revealed complete motor loss of the lower extremities.  Dorsalis pedis and posterior tibial pulses were not palpable and femoral pulses were weak at 1+. Pulmonary exam revealed diffuse rhonchi in all lung fields.  Cardiac exam revealed tachycardia, but no murmurs were noted, and the rhythm was regular.  He was alert and oriented to person, place, and time. 

Laboratory examinations
Patient had a positive COVID-19 PCR blood test.  His laboratory values were remarkable for leukocytosis of 22.3 cells/L (4.5-11.0) with an absolute lymphocyte count of 0.58 K/uL (1.32-3.57),  PT 16.4 seconds (12-14.5), INR 1.3 U (< 1.0), PTT 28.9 seconds (23.9-36.6), and d-dimer > 20 µg/mL (< 0.5).  Ferritin was significantly elevated at > 40000 µg/L (22-275), C reactive protein was 210 mg/L (0-5), and creatine phosphokinase was 46800 U/L (0-200).

Imaging examinations
Patient underwent computed tomography (CT) angiography of the chest, abdomen, and pelvis which revealed occlusion by thrombosis of the abdominal aorta, depicted in Figures 1 and 2, in the infrarenal segment with extension to his iliac arteries with reconstitution of flow in the bilateral common femoral arteries. Additional nonocclusive thrombosis in the SMA was noted.  In addition to these thromboses, multifocal ground-glass opacities were visualized in the bilateral lung fields which prompted COVID-19 PCR testing.

FINAL DIAGNOSIS
This patient suffered from an occlusive abdominal aortic thrombosis secondary to COVID-19 infection.

TREATMENT
Patient was emergently taken to surgery for attempted thrombectomy and a heavy burden of thrombus was retrieved starting initially from the right common femoral artery.  After several minutes of closing of vasculature, it was noted that the femoral artery pulsation had weakened and disappeared and it was noted that a second thrombus had formed again in place of the prior thrombectomy site after reevaluation despite running of heparin.  At this point, the procedure was concluded as it was clear that the patient was hypercoagulable due to his COVID-19 infection. 
Patient remained intubated following the operation due to respiratory compromise in the setting of his known COVID-19 pneumonia.  He was continued solely on unfractionated heparin infusion at 18 U/kg/h.  He also received a dose of Tocilizumab 400 mg, but continued to worsen from a hemodynamic standpoint, requiring the initiation of vasopressors.  No additional anti-viral agents or COVID-19 targeted therapies were employed.

OUTCOME AND FOLLOW-UP
Despite ventilatory support and triple vasopressors with norepinephrine, phenylephrine, and epinephrine, patient continued to deteriorate and soon expired from cardiac arrest in the setting of his occlusive abdominal thrombosis.

DISCUSSION
As a respiratory virus, COVID-19 typically presents with signs of lung infection including shortness of breath, cough, and fever which can progress to acute respiratory distress syndrome.  Patients requiring admission to an intensive care unit (ICU) have been found to have acute thromboses, most commonly being PE in the setting of the severe inflammatory response, endothelial dysfunction, and multi-organ system failure elicited by the virus. Overt thrombosis has been reported to be as high as 25%-50% in this population[2]. Unlike traditional thrombotic events in ICU patients, COVID-19-associated thrombosis has a higher incidence of arterial clot and a greater mortality[3,4]. In a study of three Dutch hospitals, there was a 31% incidence of thrombosis in ICU patients, with 3.7% being arterial[5].  Markers such as D-dimer, lactate dehydrogenase, ferritin, and CRP have been used to stratify patients for risk of thrombosis and potential benefit with prophylactic anticoagulation, but degree of elevation associated with arterial clot has yet to be appreciated.
A report by Berre et al[6] presented a patient who was found to have acute aortic thrombosis and concomitant pulmonary embolism after being diagnosed with COVID-19 pneumonia.  This patient was found to have a D-dimer of 17.28 µg/mL with normal platelets and prothrombin time.  An additional report by Katchanov et al[7] described a patient with extensive aortic thrombosis and a D-dimer level of 15.28 µg/mL.  Consistent with this trend of severely elevated inflammatory markers, particularly D-dimer, our patient’s D-dimer was severely elevated at > 20 µg/mL and ferritin > 40000 µg/L. These findings suggest that extensive thrombosis involving the arterial circulation may be more likely at the far end of the spectrum of extreme inflammation and endothelial dysfunction. Interestingly, both our patient and the above case presented by Katchanov et al[7] showed involvement of the abdominal aorta and iliac arteries in addition to occlusion of the SMA.  Given these two reports of SMA occlusion and the possibility of intestinal ischemia, providers should consider this in patients to receive the anti-IL-6 agent tocilizumab for severe inflammatory dysregulation, as intestinal perforation is a known side effect despite its single-dose indication[8]. Alternative COVID-19 directed therapies include the anti-viral remdesivir and convalescent plasma, as these agents may have been additional options for this patient in absence of his rapid clinical decline.  Due to the fact that his decline was thought to be more related to his aortic thrombosis and not to COVID-19 induced lung dysfunction, the mainstay of therapy was unfractionated heparin, which was chosen due to rapid reversibility compared to newer direct oral anticoagulants such as apixaban or rivaroxaban. 
As arterial thrombi may not always be visualized with routine CT angiography PE protocols, it is important to consider additional scanning for patients with severely elevated inflammatory markers in which suspicion is high for arterial clot. A contrast CT of the abdomen or aortic CT angiography may be necessary to diagnose these aortic thromboses, and our patient was diagnosed with CT angiography of the chest, abdomen, and pelvis given his overt lower back and lower extremity pain as his presenting symptoms.  The most impressive finding in our patient was the evidence of a rapidly forming thrombi after successfully removing the initial thrombi and reperfusion of the lower extremities. This echoes the profound hypercoagulable state as a result of COVID-19.

CONCLUSION
Acute thrombosis in the setting of COVID-19 can be a devastating complication with a drastic increase in morbidity and mortality. Our case highlights the profound hypercoagulable state of severe inflammatory response due to COVID-19, with the rapid formation of a thrombi immediately following thrombectomy, compromising perfusion and hastening refractory shock and death. We hope to raise awareness in the importance of recognizing arterial thrombi as a result of COVID-19 in patients with no other obvious explanation, as a prompt diagnosis may influence potential treatment options and lead to better outcomes.
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Figure 1 Computed tomography angiogram of the abdomen- portrays a patent aorta with contrast visualized just prior to the complete thrombotic occlusion. 
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Figure 2 Computed tomography angiogram of the abdomen- shows the abrupt loss of contrast in the aortic lumen indicating the occlusive thrombus that resulted in the patient’s symptoms of back pain and loss of lower extremity motor function due to vascular insufficiency. This imaging modality was chosen to visualize the vasculature to evaluate for aortic dissection, aneurysm, or thrombosis given patient’s symptoms of crushing back pain with lower extremity motor loss.  Aortic calcification incidentally visualized. 
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