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Abstract

The symptomology of patients afflicted with novel 2019 coronavirus disease (SARS-CoV-2 or COVID-19) has varied greatly,
ranging from the asymptomatic state to debilitating hypoxemic respiratory failure caused by severe atypical viral pneumonia.
Patients may also develop a hyper-inflammatory state that can lead to multi-organ failure. It has become increasingly apparent
that, as part of the hyper-inflammatory state, COVID-19 infection increases susceptibility to systemic thromboembolic compli-
cations that can contribute to rapid clinical deterioration or demise. This article aims to review imaging features of various
systemic thrombotic complications in six patients with moderate to severe disease. This case series includes examples of
pulmonary embolism, stroke, right ventricular thrombosis, renal vein thrombosis, and aortic thrombosis with leg ischemia.
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Introduction

Although COVID-19 was initially regarded as a pulmonary
illness causing significant morbidity and mortality in the el-
derly and in those with underlying medical conditions, expe-
rience in New York—an early epicenter of COVID-19 in the
USA—found that a significant percentage of younger patients
less than 50 presented with moderate to severe symptoms
requiring hospitalizations [1]. This case series highlights the
thromboembolic complications affecting younger patients less
than age 65, including pulmonary embolism, stroke, right
ventricular thrombosis, renal vein thrombosis, and aortic
thrombosis with leg ischemia. The patients reported here had
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initially presented in April 2020 to the emergency departments
of several teaching hospitals located within the same New
York-based health system. These cases were retrospectively
identified by search of saved case lists. Inclusion criteria re-
quired age less than 65. Cases were confirmed with SARS-
CoV-2 polymerase chain reaction (PCR) laboratory testing.
Written consent was obtained from all involved patients or
families.

Case 1. Pulmonary embolism and aortic
thrombus

Case 1 is a 46-year-old man without significant past medical
history who was diagnosed with COVID-19 infection at an
urgent care center six days prior to ER presentation. He had 2
weeks of progressive symptoms including high-grade fevers,
cough, and generalized weakness, culminating with hypox-
emic respiratory distress with an oxygen saturation of 70%
on room air on day of ER presentation. Chest CT angiography
demonstrated extensive bilateral peripheral and lower lobe
ground-glass opacities typical of COVID-19 pneumonia
(Fig. 1a), bilateral interlobar pulmonary arterial emboli ex-
tending to bilateral upper and lower lobe segmental and
subsegmental pulmonary arteries (Fig. 1b), and aortic arch
thrombosis (Fig. 1 ¢ and d). Parenteral anticoagulation with
heparin was initiated upon diagnosis. Although his respiratory
symptoms improved initially, the patient developed
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Fig.1 A 46-year-old man who
presented with fever, cough, and
shortness of breath. a Axial image
shows bilateral peripheral
ground-glass opacities (white ar-
rows) commonly seen in COVID-
19 pneumonia. b Axial image
shows numerous bilateral pulmo-
nary emboli, including left lower
lobe segmental pulmonary embo-
lism. ¢ and d Axial and sagittal
images show focal partially ad-
herent aortic arch thrombus
(white arrow)

hypoxemic respiratory failure requiring mechanical ventila-
tion on hospital day 7. With persistent respiratory distress
and symptoms of systemic sepsis, an intravenous antibiotic
(cefepime) was initiated for possible bacterial superinfection.
On hospital day 10, he developed asystole with brief recovery
of pulse, then returned to asystole, and died.

Case 2. Cerebrovascular accident (CVA)

Case 2 is a 40-year-old-man with essential hypertension and
type 2 diabetes mellitus who presented with agitation and
acute encephalopathy. Seven days prior to his current ED
presentation, he was admitted with hypoxemic respiratory dis-
tress related to COVID-19. After initially stabilizing, he was
discharged home without the need for supplemental oxygen.
However, his condition worsened considerably, and he was
readmitted with agitation, acute mental status changes, visual
disturbance, and right-sided weakness. On physical examina-
tion for his second ED presentation, the patient was noted to
have relatively preserved motor function but was aphasic and
apraxic. Head CT showed multiple infarcts in the left frontal,
bilateral temporal, and parietal lobes (Fig. 2a), with foci of
petechial hemorrhage in the right parietal lobe. Subsequent
neck CTA demonstrated multiple sites of thrombi distributed
in various arterial sites, including the bilateral distal common
carotid arteries, with extension to both carotid bulbs, the right
internal carotid artery, and bilateral external carotid arteries
(Fig. 2b). Head CTA showed occlusion of the right internal
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carotid artery (Fig. 2¢) with distal reconstitution via collateral
circulation as well as multiple bilateral M3 segmental occlu-
sion (Fig. 2d). The imaging findings were consistent with
thromboembolic stroke, likely owing to COVID-related hy-
percoagulable state. On hospital day 6, the patient was started
on intravenous heparin and monitored with daily head CT for
potential worsening of petechial hemorrhage. During the sec-
ond week of admission, the left MCA infarct was complicated
by worsening intracranial hemorrhage. The patient was
switched to enoxaparin to prevent further thromboembolic
strokes. Due to dysphagia, a feeding gastrostomy tube was
placed. The patient could speak but had difficulty
comprehending speech. The patient was still hospitalized in
his fifth week due to encephalopathy with plan to discharge
home with home care. Follow-up phone call with the patient’s
spouse at 4 months after initial illness revealed that the patient
still had severe difficulties with speech, verbal comprehen-
sion, self-feeding, and continence. He was reliant on his wife
for all activities of daily living.

Case 3. Right ventricular thrombus

Case 3 is a 62-year-old man with essential hypertension, hy-
perlipidemia, and HIV with undetectable viral load (CD4
count of 800), presented with 1 week of worsening shortness
of breath, cough, fever, and poor appetite. He was found to be
hypoxemic with oxygen saturation of 77% on room air, along
with COVID positivity via PCR testing. Admission chest
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Fig. 2 A 40-year-old man with
hypertension and type 2 diabetes
mellitus who presented with agi-
tation, violent outburst, and
aphasia and underwent head and
neck CTA. a Axial non-contrast
head CT image shows bilateral
temporal infarcts (white arrows)
with areas of petechial hemor-
rhage (star) as well as infarcts in
the left frontal and parietal lobes
(not shown). b Coronal maximal
intensity projection (MIP) image
demonstrates thrombi in bilateral
distal common carotid arteries
extending to carotid bulbs (white
arrows), right internal carotid ar-
tery, and bilateral external carotid
arteries (thin arrows). ¢ Axial
CTA image shows occlusion of
the right internal carotid artery
(white arrow). d RAPID image
reveals an abrupt reduction in
blood flow in the left M3 segment
(white arrow)

radiograph revealed moderate bilateral patchy infiltrates. On
hospital day 5, because of persistent hypoxemia despite re-
ceiving supplemental oxygen via non-rebreather, chest CTA
was performed which revealed extensive ground-glass and
patchy airspace opacities typical of COVID-19 pneumonia,
bilateral lower lobe segmental pulmonary emboli, and right
ventricular thrombus (Fig. 3). Echocardiogram subsequently
confirmed the presence of a right ventricular thrombus.
Because of this “clot in transit” with high probability of
impending or concomitant pulmonary embolism, with con-
cern for associated hemodynamic compromise, thrombolysis
with t-PA was given, and the patient was subsequently main-
tained on parenteral heparin. He was discharged home on
hospital day 15 with oral anticoagulation (apixaban) and home
oxygen supplementation.

Case 4. Renal vein thrombosis

Case 4 is a 54-year-old man with hyperlipidemia who present-
ed with 3 days of right flank pain. He was started on an oral
antibiotic for presumed pneumonia with associated fevers and
cough 3 days before presentation to the ED. He subsequently

tested positive for COVID-19. Urinalysis did not suggest the
presence of a urinary tract infection. CT chest revealed right
lower lobe pulmonary embolism (Fig. 4a). In addition, throm-
bosis was noted within the posterior tributaries of the right
renal vein (Fig. 4b) with associated focal renal infarction.
The patient was placed on anticoagulation (heparin first, then
enoxaparin) and discharged home on apixaban 3 days later.

Case 5. Peripheral arterial thromboembolic
complications

Case 5 is a 50-year-old man with essential hypertension and
hyperlipidemia who was initially admitted to a community hos-
pital with 2 weeks of progressive dyspnea, fever, cough, nausea,
and diarrhea. He was diagnosed with COVID-19 and discharged
home with recommendations to self-isolate. Because of worsen-
ing hypoxemic respiratory distress, the patient was readmitted.
On hospital day 6, he was transferred to ICU for hypoxic respi-
ratory failure despite supplemental oxygen therapy via non-
rebreather and after having already received medical treatment
with steroids and hydroxychloroquine. On hospital day 10, he
developed sudden-onset left upper and lower extremity
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Fig.3 A 62-year-old man who presented with shortness of breath, cough,
and fever. CTA demonstrates bilateral pulmonary ground-glass opacities,
bilateral lower lobe segmental pulmonary emboli (not shown), and right
ventricular thrombus (white arrow). The latter finding was confirmed on
transthoracic echocardiography

weakness, left facial paralysis, and decreased responsiveness.
CT head noted the presence of an acute right parietal infarct
and focal distal ascending aortic thrombus (Fig. 5a). As the
diagnosis of acute stroke was made within the acceptable
timeframe, thrombolysis with t-PA was given. His ICU course
was complicated by hemodynamic instability, as well as rapid
atrial fibrillation. On hospital day 12, he was noted to have
absent pulses in the left arm and leg conceming for arterial
thromboembolism. He was transferred to another hospital for
vascular surgical evaluation of left lower extremity ischemia.
Lower extremity arterial Doppler ultrasound revealed absent

Fig. 4 A 54-year-old man with 3
days of right flank pain and neg-
ative urinalysis who underwent
abdominal CT. a Axial CT image
demonstrates right lower lobe
segmental pulmonary embolus
(white arrow). b Coronal CT im-
age shows thrombosed posterior
tributaries of the right renal vein
(white arrow) and renal infarction
(white left bracket)
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flow distal to the left popliteal artery (Fig. 5b), supportive of
acute arterial thrombosis. Neurologic examination at this time
noted the absence of corneal, gag, and oculocephalic reflexes.
Patient went into cardiopulmonary arrest and died 2 days later.

Case 6. Celiac artery thromboembolic
complications

Case 6 is a 61-year-old man with essential hypertension, type
2 diabetes mellitus, and hyperlipidemia admitted for COVID-
19 pneumonia after 5 days of fever, cough, and dyspnea. With
progressive hypoxemic respiratory failure, the patient required
mechanical ventilation on hospital day 5. Patient was subse-
quently diagnosed with ST elevation myocardial infarction
and treated conservatively with intravenous heparin. His
course was further complicated by gastrointestinal bleeding,
and subsequent CTA of the chest, abdomen, and pelvis iden-
tified thrombi within his aorta, celiac artery (Fig. 6), and left
internal jugular vein. Due to poor prognosis, patient and fam-
ily decided to not escalate level of care. The patient expired 2
weeks after admission.

Discussion

Coronavirus disease 2019 (COVID-19) is a viral respiratory
illness first reported in December 2019 in Wuhan, China, that
has since spread rapidly around the world. As of October 27,
2020, there was a cumulative total of 43.6 million cases of
COVID-19 globally, including 1.16 million deaths [2].
COVID-19 is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) which spreads from human-to-
human transmission, primarily from respiratory droplets, and
potentially from aerosolized particles and contaminated sur-
faces [3]. The virus is a single-strand RNA beta-coronavirus
that is believed to enter cells by binding the angiotensin
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Fig. 5 A 50-year-old man admitted for COVID-19-associated pneumo-
nia who developed sudden-onset left-sided weakness, left facial paralysis,
and decreased responsiveness. After subsequent head CT revealed right
parietal infarct, patient underwent head and neck CTA. a Coronal CTA
image shows focal partially adherent distal aortic ascending thrombus

Fig. 6 A 61-year-old man with essential hypertension, type 2 diabetes
mellitus, and hyperlipidemia admitted for COVID-19 pneumonia after 5
days of fever, cough, and dyspnea. His hospital course was complicated
by ST elevation myocardial infarction, which was managed conservative-
ly with parenteral anticoagulation and antiplatelet therapy. CT angiogra-
phy of the chest, abdomen, and pelvis performed to assess rectal bleeding
noted acute thrombi in his aortic arch (arrow), celiac artery (star), and left
internal jugular vein (not shown)

(white arrow). b During admission, patient underwent lower extremity
arterial Doppler ultrasound for a sudden onset of cold left foot. Color
Doppler image demonstrates absent flow distal to the left popliteal artery
(white arrow)

converting enzyme 2 (ACE2), found in lung alveolar cells,
cardiac myocytes, and vascular endothelium [4]. The clinical
manifestations include fever, cough, headache, back pain, ab-
dominal pain, and anosmia [5]. As noted from early observa-
tional studies, risk factors for complications of COVID-19
include older age (> 65 years), cardiovascular disease, chronic
lung disease, hypertension, diabetes, and obesity [6]. Initial
clinical reports of COVID-19 patients focused on respiratory
symptoms and chest CT imaging findings of bilateral ground-
glass opacities with peripheral and basal distribution [7, 8].

In moderate to severe cases of COVID-19, thrombotic
complications have emerged in infected patients, as was seen
with severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1) in 2003 [9]. There is currently limited data on throm-
botic risk. Klok et al. found that 31% of ICU patients with
COVID-19 infections at their hospital in the Netherlands had
thrombotic complications, including pulmonary embolism or
venous thromboembolism in 27% and arterial thrombotic
complications in 3.7% [10]. In comparison, within a large
New York City health system, 29.4% of ICU patients with
COVID-19 had a thrombotic event (13.6% venous and
18.6% arterial), whereas 11.5% of non-ICU patients had
events (3.6% venous and 8.4% arterial) [11]. A study of 143
hospitalized patients with COVID-19 in Wuhan, China, found
that 46% developed lower extremity deep venous thrombosis
[12], higher compared to a study by Umapathi et al. that found
approximately 30% of critically ill patients with SARS-CoV
had suffered venous thromboembolism [13]. There is scant
data investigating thrombotic complications in patients infect-
ed with MERS-CoV.
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Thrombosis in both the arterial and venous systems is
thought to arise from excessive inflammation, platelet activa-
tion, endothelial dysfunction, and stasis [14]. Combination of
underlying medical conditions, hospitalization, bedridden sta-
tus, and COVID-19 infection likely contributed to increased
hypercoagulopathy in these patients. There is a strong associ-
ation between D-dimer levels, disease progression, and prog-
nosis [15, 16].

Thromboembolic events include pulmonary embolism,
which may exacerbate respiratory failure and hypoxemia.
Arterial thrombotic events include cerebrovascular acci-
dents, end-organ ischemia to systemic organs and limb
ischemia [17]. Our case series illustrates the spectrum
of thromboembolic events directly affecting the cardio-
vascular, neurovascular, pulmonary, renal, and gastroin-
testinal systems. These examples highlight the impor-
tance for radiologists to identify the potentially far-
reaching coagulopathic effects caused by COVID-19.
The radiologic evaluation of the sick COVID-19 patient
should pay special attention the pulmonary arterial vas-
cular system, as concomitant pulmonary emboli may ex-
plain persistent hypoxemia in the setting of oxygen sup-
plementation and steroid use. Focal nonadherent thrombi
may be seen in the right and left ventricles, aorta, iliac
vessels, and branch vessels. Coronary arterial thrombosis
is proposed to be a mechanism for sudden cardiac ar-
rhythmias and death. EKG-gated image acquisition would
be necessary for optimal CT coronary vessel evaluation.

Further studies are needed to identify risk factors for
systemic thrombosis, including genetic factors and con-
comitant medical conditions. Larger sample sizes are nec-
essary to quantify the incidence of thromboembolic com-
plications in mild, moderate, and severe cases of COVID-
19. The identification of useful serum markers to assess
patients at risk for thromboembolic events, including in-
flammatory markers such as D-dimer and fibrinogen
levels, may help stratify coagulopathic risks in COVID-
19 patients and identify specific cohorts who may derive
significant clinical benefits from anticoagulation therapy
[18-20]. Experts agree that thrombotic risk is sufficient
to recommend venous thromboembolism (VTE) prophy-
laxis in severe cases of COVID-19 as long as there is no
contraindication.
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