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CASE REPORT

Vascular Spectrum of Imaging Findings in COVID-19: Ischemic, Hemorrhagic, and

Thromboembolic Complications

Pedro Neves Paiva de Castro,'?
Dequitier Carvalho Machado'

Lucia Antunes Chagas,’

Américas Servigos Médicos,' Rio de Janeiro, RJ - Brazil
Universidade do Estado do Rio de Janeiro (UERJ),? Rio de Janeiro, RJ — Brazil

Abstract

Ischemic strokes secondary to occlusion of large vessels
have been described in patients with COVID-19. Also,
venous thrombosis and pulmonary thromboembolism
have been related to the disease. Vascular occlusion
may be associated with a prothrombotic state due to
COVID-19-related coagulopathy and endotheliopathy.
Intracranial hemorrhagiclesions can additionally be seen
in these patients. The causative mechanism of hemorrhage
could be associated with anticoagulant therapy or factors
such as coagulopathy and endotheliopathy. We report
on cases of ischemic, thrombotic, and hemorrhagic
complications in six patients diagnosed with SARS-CoV-2
infection. Chest computed tomography (CT) showed
typical SARS-CoV-2 pneumonia findings in all the cases,
which were all confirmed by either serology or reverse
transcription polymerase chain reaction (RT-PCR) tests.

Case 1

A 29-year-old woman who was 5 weeks pregnant,
previously healthy, was diagnosed with COVID-1912 days
before hospital admission, when both immunoglobulins
(IgM and IgG) were positive. While in home quarantine,
the patient manifested sudden right hemiplegia and
aphasia 48 hours before hospital admission. Upon arrival
to the emergency room, she was disoriented and had
right hemiplegia.
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Brain magnetic resonance (MR) angiography revealed
occlusion at the left internal carotid bifurcation extending
to the corresponding middle cerebral artery and Al
segment of the ipsilateral anterior cerebral artery. There
were areas of hyperintense signal on fluid-attenuated
inversion recovery (FLAIR) sequence and restricted
diffusion in the left caudate, internal capsule, putamen,
insula, centrum semiovale, and cortical territories
of the ipsilateral middle cerebral artery, with mild
sulcal effacement, indicating subacute ischemic injury.
Susceptibility weighted imaging (SWI) demonstrated
hematic material in the left putamen (Figure 1).

Chest CT showed peripheral ground-glass opacities
associated with foci of consolidation, typical of
COVID-19 pneumonia’. Brain CT showed an ischemic
lesion with a small hemorrhagic area (Figure 2). The
patient was transferred to the intensive care unit for
supportive treatment.

Case 2

A 59-year-old man presented with fever, myalgia,
arthralgia, headache, and dyspnea. Because of the patient’s
clinical worsening status and need for supplemental
oxygen, hospitalization was required. RT-PCR testing
was positive for SARS-CoV-2 infection. Chest CT showed
ground-glass opacities and bilateral consolidations,
typical of COVID-19 pneumonia (Figure 3).

After 2 days of hospitalization, the patient had
respiratory failure requiring orotracheal intubation.
There was an increase in D-dimer level. Chest CT with
contrast showed pulmonary thromboembolism in the
lingular and left lower lobe branches (Figure 4, arrows).
Anticoagulation therapy was implemented.
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Figure 1-3D-TOF MRA (A, B) demonstrates occlusion at the left ICA bifurcation extending to the MCA and ACA stems; FLAIR
image (C) shows hyperintensity in left MCA territory, including basal ganglia; SWI (D) hypointensity in left basal ganglia indicating
hemorrhagic foci; DWI (E, F,G) and ADC-map demonstrate markedly restricted diffusion, indicating subacute stroke.

Figure 2 - Unenhanced brain CT scan (top row) demonstrates hypodense areas in MCA territory, including basal ganglia, suggestive
of a subacute stroke with subtle hyperdense foci, indicating hemorrhage. Chest CT scan (bottom row) shows bilateral patchy
peripheral ground-glass opacities associated with consolidation foci, typical CT imaging features for COVID-19".
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Figue 3 — Chest CT scan shows bilateral, multifocal rounded and peripheral ground-glass opacities with superimposed intralobular
septal thickening and consolidation, which are typical features for COVID-19 pneumonia’.

pulmonary embolism (arrows).

Figure 4 — CT pulmonary angiography shows filling defects within the lingular and left lower lobe branches, suggestive of acute

On the 30th day of hospitalization, the patient had
cardiac arrest with asystole, which was reversed after
5 minutes. Brain CT showed massive intraparenchymal
hemorrhage in the left frontal region associated with
subarachnoid hemorrhage (Figure 5). Surgical evacuation
of the hematoma was performed.

Subsequent MRI showed post-surgical changes
and subcortical and deep microbleeds in both cerebral
hemispheres and corpus callosum, which may be
associated with thrombotic microangiopathy (Figure
6). In addition, a FLAIR hyperintense signal was
demonstrated in the thalami and caudate nuclei, probably
related to a hypoxic-ischemic injury (Figure 7).

Case 3

A 30-year-old woman presented with severe
respiratory failure and reversed cardiac arrest in the
emergency room. Chest CT demonstrated ground-
glass opacities and bilateral peripheral consolidations,
typical of COVID-19 pneumonia' (Figure 8). Brain
CT demonstrated hypodensity in the cerebral cortex
bilaterally, as well as in the putamina and caudate
nuclei, indicative of severe hypoxic-ischemic injury
(Figure 9). The patient was transferred to the intensive
care unit for supportive treatment. RT-PCR testing was
positive for SARS-CoV-2 infection.
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Figure 5 — Unenhanced brain CT scan shows left frontal lobe hematoma and subarachnoid hemorrhage.

Figure 6 - MRI SWI (a, b, ¢) and phase-map image (d) demonstrate surgical changes and blood degradation products in left frontal
lobe. Note multiple subcortical and deep microbleeds in both cerebral hemispheres and corpus callosum, what may be associated
with thrombotic microangiopathy.
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Figure 7 - FLAIR image shows surgical changes and blood degradation products in left frontal lobe and hyperintensity in thalami and
caudate nuclei, probably related to hypoxic-ischemic injury.

Figure 8 — Chest CT shows bilateral round ground-glass opacities and bilateral patchy consolidations.

Figure 9 — Brain CT scan demonstrates brain volume loss associated with hypodensity in the cerebral cortex bilaterally, as well as in
the putamina and caudate nuclei, indicative of severe hypoxic-ischemic injury.
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Case 4

A 70-year-old man without comorbidities presented
with fever, anosmia, and dyspnea for 4 days. At
the emergency department, chest CT demonstrated
peripheral ground-glass opacities, crazy-paving pattern,
and parenchymal bands (Figure 10). RT-PCR testing was

positive for SARS-CoV-2 infection. Upon hospitalization,
the patient received full-dose enoxaparin. After 2 days,
the patient had a decrease in his level of consciousness.
Brain CT demonstrated a large intraparenchymal
hematoma in the left frontotemporoparietal region,

associated with intraventricular hemorrhage (Figure 11).

intralobular lines (“crazy-paving”) and consolidations.

Figure 10 — Chest CT scan shows bilateral ground-glass opacities with superimposed interlobular septal thickening and visible

intraventricular hemorrhage.

Figure 11 — Brain CT scan demonstrates a large intraparenchymal hematoma in left frontal and parietal lobes, associated with
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Case 5

A 78-year-old man had hypertension, diabetes,
and chronic obstructive disease. After 7 days of flu-
like symptoms, the patient developed dyspnea and
was admitted to the emergency room. CT revealed
bilateral ground-glass opacities, typical of COVID-19
pneumonia’ (Figure 12). RT-PCR testing was positive
for SARS-CoV-2 infection.

The patient was hospitalized for 23 days, during which
he was treated with antibiotics and corticosteroids.
With the improvement of symptoms, the patient
was discharged from hospital. After 7 days at home,
he presented with severe respiratory distress and
returned to the emergency department. Oxygen
saturation was 70% with an increase to 95% after oxygen
supplementation. There was an increased D-dimer level.

Chest CT angiography showed a filling defect in the
right posterior basal segment branch, compatible with
pulmonary thromboembolism (Figure 13). In addition,
there was a deterioration in the pulmonary ground-glass
opacities, with more than 50% of the lungs compromised
(Figure 14). Doppler ultrasonography of left upper
limb demonstrated thrombosis of the left cephalic vein.
The patient underwent orotracheal intubation and was
transferred to the intensive care unit.

Case 6

A 45-year-old man had flu-like symptoms and
diarrhea for 2 days. Chest tomography performed in the
emergency room showed a typical pattern for COVID-19
pneumonia, with pulmonary involvement estimated
at less than 25% by visual analysis® (Figure 15, A). The
patient was discharged from hospital with prescribed
cefuroxime and azithromycin and reported improvement
in fever and diarrhea during antibiotic therapy.

After 10 days of discharge, the patient returned to the
emergency room with severe abdominal pain, refractory to
medication, and desaturation of 89%, without respiratory
distress. Chest CT showed significant worsening of
pulmonary findings, with an estimated involvement of
more than 50% (Fig 15, B). Laboratory tests revealed a
significant increase in D-dimer level, slightly increased
lactate, and elevated urea and creatinine.

On the 4th day of hospitalization in the intensive
care unit, while using 1 mg/kg of enoxaparin twice
daily, the patient developed leukocytosis, pain, and
abdominal distension without signs of peritoneal
irritation. He underwent CT angiography of the chest,
abdomen, and pelvis, which revealed thrombosis in the
proximal portion of the superior mesenteric artery and
branch (Figure 16).

Figure 12 — CT scan reveals bilateral ground-glass opacities, typical of Covid-19 pneumonia’.
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Figue 13 - CT pulmonary angiography shows filling defects within right posterior basal segment branch, suggestive of acute
pulmonary embolism.

Figure 14 — CT scan reveals worsening of the pulmonary bilateral ground-glass opacities, now associated with superimposed
interlobular septal thickening and intralobular lines.
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Figure 15 — Chest CT on the first emergency care, revealing typical findings of Covid-19 pneumonia (A). Examination after 10 days
reveals worsening of the findings (B).

Figure 16 — Angiotomography 2 days after admission, revealing a thrombus in the upper mesenteric artery (A, arrow). MIP
reformatation demonstrates thrombosis in one of its branches (B, arrow).




555

Castroetal.

The imaging findings of Covid-19 vascular spectrum

Int J Cardiovasc Sci. 2022; 35(4), 546-556

Case Report

Upon diagnosis, the patient underwent mechanical
thrombectomy and intra-arterial thrombolysis in
occluded branches as well as angioplasty with stenting
in the proximal third of the superior mesenteric artery.
There was partial reperfusion of the branches occluded
at the end of the procedure.

Discussion

SARS-CoV-2 emerged in December 2019 in Wuhan,
China, and has since spread worldwide.? The World
Health Organization declared the coronavirus outbreak a
pandemic in March 2020.% The severe forms of COVID-19
manifest mainly as acute pulmonary respiratory
syndrome. However, the involvement of other systems,
such as the gastrointestinal and nervous systems, has
also been demonstrated.* The involvement of the central
nervous system may include encephalitis, myelitis, and
cerebrovascular disease.”®

The patterns of brain ischemia in patients with
COVID-19 may include large vessel occlusion with
territorial infarct and hypoxic-ischemic injury related
to hypoxemia or cardiopulmonary arrest.” Severe
hypoxic-ischemic injury manifests in regions of greater
metabolic demand, such as the cortex, basal ganglia, and
thalamus.”® The patient in case 2 presented with lesions
in the thalamus and caudate. In case 3, there were lesions
in the cortex, putamen, and caudate. The presence of
severe hypoxic-ischemic injury may be implicated in a
longer hospital stay, larger neurological sequelae, and a
dismal prognosis.

Also, an increase in the incidence of ischemic strokes
secondary to occlusion of large vessels has been
reported in patients infected with SARS-CoV-2.7 Case 1
demonstrates a young patient, without cardiovascular
risk factors or other comorbidities, presenting with
ischemic stroke due to occlusion of large vessels during
the course of COVID-19. Case 6 demonstrates thrombosis
in the superior mesenteric artery and branch. Likewise, a
rising prevalence of venous thrombosis and pulmonary
thromboembolism has been related to the disease.? Cases
2 and 5 demonstrate this form of vascular complication.

Vascular occlusion could be connected to a
prothrombotic state related to angiotensin-converting
enzyme 2 (ACE2) downregulation and inflammation-
induced coagulopathy in COVID-19.% Additionally,
changes in coagulation with increased D-dimer level

and fibrin/fibrinogen degradation products may be
seen in these patients." Such abnormalities may be
related to a higher incidence of thrombotic events,
including ischemic stroke related to large vessel
occlusions, as well as pulmonary thromboembolism
related to venous thrombosis.

The vascular endothelium is an extensive and
active paracrine, endocrine, and autocrine organ that
has an important role in controlling vascular tone

12 When this hemostatic balance

and homoeostasis.
is disturbed by a viral infection eliciting endothelial
dysfunction, it produces vasoconstriction, hypoxia,
and acute vascular wall inflammation’?. Apoptosis of
the endothelial cells leads to exposure of the intima
(smooth muscle cells, extracellular matrix, collagen 1)
generating platelet activation (hypercoagulability)
and activation of innate and adaptable immunological
responses (inflammation in situ and microvasculature

dysfunction).”

Endotheliopathy, disseminated intravascular
coagulation, and sepsis-associated coagulopathy may
be related to multiple organ failure in critically ill
patients, including those with COVID-19." Thrombotic
microangiopathies, such as disseminated intravascular
coagulation, can manifest as diffuse cerebral microbleeds."
The patient in case 2 exhibited cortico-subcortical and
deep microbleeds, including the corpus callosum,
possibly related to this pattern of vasculopathy.'
However, factors such as hypoxia and endotheliopathy
may be implicated somehow."

Intracranial hemorrhagic lesions can also be seen
in these patients.*®*’ The causative mechanism of
hemorrhage can be mainly associated with clinically
indicated anticoagulant therapy; however, it is not clear
whether factors such as coagulopathy and COVID-19-
related endotheliopathy may be involved in some way.
Cases 2 and 4 demonstrate large intraparenchymal
hematomas in patients treated with anticoagulation
during SARS-CoV-2 infection.

Finally, the vascular complications that may occur
during COVID-19 are of great therapeutic importance.
Cerebral infarction related to thrombosis of large
vessels requires the implementation of immediate
recanalization therapy, if the patient is eligible. In
addition, other approaches that may still be required are
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full anticoagulation for pulmonary thromboembolism as
well as surgical evacuation of intracranial hematomas.
The medical team must be aware of the presence
of coagulopathy and a prothrombotic state in these
patients, which may be related to the higher incidence
of some of these complications and directly interfere
with the treatment.
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