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COVID-19 and Involvement of the Corpus Callosum:
Potential Effect of the Cytokine Storm?
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ABSTRACT
SUMMARY: Neurologic ﬁndings are being increasingly recognized in coronavirus disease 2019. We present a patient with a unique
involvement of the corpus callosum that we relate to the cytokine storm seen in patients with Severe Acute Respiratory
Syndrome coronavirus 2 infection. As the infection is increasingly seen around the world, recognition of these unique patterns may
facilitate early identiﬁcation of the progression of this disease and potentially facilitate appropriate management.
ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; SARS-Cov-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2

S

ince December 2019, coronavirus disease 2019 (COVID-19)
caused by Severe Acute Respiratory Syndrome coronavirus 2
(SARS-CoV-2) has spread across the globe, infecting hundreds of
thousands of patients. This virus, while known for causing severe
respiratory illness, has been reported to affect multiple organ systems, including the central nervous system. Approximately 36%
of patients with COVID-19 develop neurologic symptoms such
as headache, altered mental status, and paresthesia.1 Also of note,
these neurologic symptoms may be the first signs of illness and
appear to affect more severely infected patients.2 We discuss an
adult patient managed in the intensive care unit with unusual
imaging findings centered in the corpus callosum and discuss the
potential pathophysiology, including the relation to the cytokine
storm.

Case Description
A 66-year-old woman with a medical history of pulmonary sarcoidosis, coronary artery disease, type 2 diabetes, hypertension,
and hyperlipidemia presented to the emergency department with
a 2-day history of fevers, chills, and severe headache with associated blurry vision, which progressed to severe shortness of breath
and chest pain. On admission, the patient’s labs were remarkable
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for hyperglycemia, mild normocytic anemia, acute kidney injury,
lymphopenia (0.4 bil/L), and elevated C-reactive protein
(130 mg/L) and ferritin (630 mg/mL) levels. The patient subsequently tested positive for SARS-CoV-2 from a nasopharyngeal
swab and was started on azithromycin and hydroxychloroquine.
Eight days after symptom onset, the patient had a rapid decline
with increasing respiratory distress requiring intubation and
transfer to the intensive care unit. At transfer, D-dimer (1782 ng/
mL) and fibrinogen (606 mg/dL) levels were elevated. These
markers peaked several days later: D-dimer . 10,000 ng/mL and
fibrinogen . 1000 mg/dL. She was also placed on intravenous
heparin (therapeutic dosing), given the elevated levels of Ddimer. During the patient’s intensive care unit stay, she required
hemodialysis for her acute kidney injury, which was thought secondary to the COVID-19 infection. After reduction in sedation
on hospital day 19, right-sided weakness was noted and a noncontrast head CT was obtained. This scan demonstrated hypodensities within the left parietotemporal region, as well as a more
unusual hypodensity within the corpus callosum (Fig 1).
Despite an overall improvement in the patient’s respiratory
status, extubation was delayed secondary to decreased mentation.
On hospital day 27, an electroencephalography was performed,
which demonstrated a triphasic morphology, most consistent
with toxic encephalopathy with no evidence of epileptiform discharges. At that time, the patient was lethargic and aphasic with a
poor prognosis for functional neurologic recovery. Subsequent
noncontrast head CTs demonstrated areas of hemorrhage within
the regions of hypodensity seen on the initial scan (Fig 2). The IV
heparin was discontinued. The patient’s mental status slowly
improved with spontaneous eye opening/tracking and movement of
the left extremities, though she remained aphasic. Secondary to
improved mental status, the patient was eventually extubated.
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Brain MR imaging obtained on
hospital day 36 demonstrated multiple areas of diffusion restriction
within the corpus callosum, corona
radiata, and centrum semiovale,
with associated T2-FLAIR hyperintensities. Multiple areas of microhemorrhage were also detected (Figs 3
and 4). The thalami, brain stem, and
cerebellum were spared. At the time
of this writing, the patient is receiving continued inpatient treatment.

DISCUSSION

FIG 1. Initial noncontrast head CT images demonstrate hypodensities in the left posterior parietal
(black arrows) and peritrigonal regions as well as the corpus collosum (white arrows). No evidence of hemorrhage, mass effect, or midline shift is seen at this time.

FIG 2. Subsequent head CT demonstrates hemorrhage (white arrows) within the previously seen
hypodensities. The posterior corpus collosum is involved.

There appear to be multiple mechanisms for SARS-CoV-2 to cause neurologic damage, including direct
neuronal injury, hypoxic damage
from unresolved respiratory distress, autoimmune injury from the
induced cytokine storm with resultant blood-brain barrier breakdown,
vasculitis, and acute ischemic injury
from a hypercoagulable state.1-5 A
recent case report described acute
necrotizing encephalopathy,4 a condition well-described in children
from a multitude of causes.4,5 In these
cases, the predominant findings are
located in the thalami, with additional
less common locations being the brain
stem, cerebral white matter, and cerebellum.4 In contrast, our patient demonstrated extensive diffusion restriction
within the corpus callosum (most
severe in the splenium) without
involvement of the thalami, brain stem,
or cerebellum.

FIG 3. Multiple diffusion-weighted images demonstrate restriction centered in the corpus collosum (white arrows), with some additional areas
in the adjacent deep white matter including the centrum semiovale. In addition, there is faint diffusion restriction in the left occipital and temporal lobes, possibly representing subacute strokes. The thalami, brain stem, and cerebellum are spared.
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FIG 4. A, Sagittal T1. Hypointense signal within the corpus collosum, most prominent in the splenium. B, Axial T2* sequence. Multiple punctate
hypointensities compatible with hemorrhages are present within the corpus collosum (white arrow) and optic radiations, which are not shown.
Axial (C) and coronal (D) T2 FLAIR. Increased T2 signal is seen with the corpus callosum (black arrows).

One entity that has a similar appearance is a condition
called cytotoxic lesions of the corpus callosum (CLOCC).6
These have been described with several pathologies, including drug-associated conditions, trauma, malignancy, metabolic disorders, and, most importantly, infection, including
several viruses such as adenovirus, H1N1 influenza, EpsteinBarr, and rotavirus.6 When cytokine release and inflammation
are present in sufficient levels within the brain, astrocytes are
stimulated to release glutamate as well as block the reuptake of
this neurotransmitter.6-8 The greatly increased amount of glutamate within the extracellular space leads to excitotoxic action on
multiple glutamate receptors, sodium-potassium pumps, and
aquaporins, resulting in an influx of water trapped within the
cells.6,9-11 These effects manifest on imaging as diffusion restriction, as seen in our patient.6
It is believed that the corpus callosum is vulnerable to cytokine-induced injury due to the high density of cytokine, glutamate, and other receptors present within this region of the brain,
particularly the splenium.6,12-17 These previously described
mechanisms combined with our patient’s extremely elevated
markers for acute-phase reactants, suggest initial autoimmune
injury from a cytokine storm. With other infectious diseases, the
involvement of the corpus callosum is typically transitory; however, in the setting of COVID-19, this has yet to be determined.6,16 The patient also had ischemic changes in other parts
of the brain, and an alternative consideration is a stroke of the
corpus callosum. However, the redundant blood supply to the
corpus callosum, including the anterior communicating artery,
the pericallosal artery, and the posterior pericallosal artery, makes

strokes of the corpus callosum rare.18 The subsequent hemorrhage in these areas is likely multifactorial, with evolution of necrosis from a cytokine storm being a possible contributing factor.
While the use of therapeutic-dose heparin was initially shown to
improve patient mortality,19 this medication could also have
played a role.

CONCLUSIONS
There is currently limited literature on the neuroimaging findings
in COVID-19. To our knowledge, involvement of the corpus callosum related to the cytokine storm has not yet been described with
this infection. While as of yet, the transitory nature of this complication is unknown, the authors believe that with continued surveillance, this question is likely to be answered. As management is
directed to the cytokine storm, knowledge of this imaging pattern
could be invaluable.
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