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Abstract

As the novel coronavirus, SARS-CoV-2, has enveloped the world in a pandemic, it has become clear that the symptoms extend
far beyond the respiratory system and have particularly caused a wide range of neurologic CNS complications, including
diffuse leukoencephalopathy. Here, we describe a case of a 59-year-old male with severe COVID-19 infection who devel-
oped severe encephalopathy, which persisted well after his acute infection had subsided and had begun to improve from his
respiratory dysfunction. He was found to have diffuse leukoencephalopathy with concomitant diffusion restriction on MR
imaging. This case represents a delayed onset of leukoencephalopathy secondary to hypoxia in a small but growing cohort of
COVID-related leukoencephalopathy due to similarities in imaging features and lack of superior alternate diagnosis. Patient’s

clinical improvement suggests reversibility with likely pathology being demyelination rather than infarction.
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Background

At the start of the coronavirus disease 2019 (COVID-19)
outbreak in December 2019, it was initially thought that the
novel coronavirus, SARS-CoV-2, caused only typical but
potentially severe respiratory symptoms. However, as the pan-
demic spread, it quickly became clear that the disease caused
multi-system involvement including its effects on the kidneys,
heart, and the brain (Gavriatopoulou et al. 2020; Koralnik and
Tyler 2020). While neurologic symptoms have been common
as part of the early disease presentation, severe neurologic
complications such as encephalopathy, strokes, and seizures
have been reported in patients with COVID-19 (Somani et al.
2020; Liotta et al. 2020; Helms et al. 2020). Availability of
brain imaging is limited in many cases due to strict isolation
precautions and severity of respiratory compromise. Cerebro-
spinal fluid (CSF) analyses in some patients show evidence of
inflammation but SARS-CoV-2 has not been isolated in CSF
from most of these cases (Farhadian et al. 2020). COVID-
19-associated encephalopathy is largely thought to be second-
ary to hypoxia and sequelae of multi-organ failure. However,
there are few reports of leukoencephalopathy identified on
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imaging or autopsy, which suggests the possibility of demy-
elination as an underlying pathology (Reichard et al. 2020)

Here, we present a case of delayed leukoencephalopathy
with associated diffusion restriction and without microhem-
orrhages in a patient with COVID-19 after stabilization of
his respiratory disease.

Presentation

A 59-year-old male with a past medical history of diabetes
and hypertension with known COVID-19 exposure presented
initially to a community hospital with cough, fever, chills,
and shortness of breath of 4 days duration. Due to worsen-
ing respiratory status, he was transferred to a tertiary medical
center the day after presentation for consideration of advanced
therapies. He was immediately intubated on arrival due to
hypoxia and respiratory compromise with an O, saturation of
61%. Shortly thereafter, SARS-CoV-2 was isolated from his
nasopharyngeal swab. Treatment for the severe respiratory
disease included prone position ventilation and a course of
remdesivir. He was placed on continuous renal replacement
therapy for acute kidney injury and there were no precipitous
abnormalities in his electrolytes during his admission.

As sedation was weaned, patient was difficult to arouse.
He responded to pain stimuli by minimal withdrawal in all
limbs, so a CT scan of the head was obtained 2 weeks into
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Fig. 1 CT scan of the head is
notable for absence of subcorti-
cal hypodensities

his hospitalization and was normal Fig. 1. Later, 1 month
into his hospitalization, an MRI of the brain without gado-
linium was performed for his persistent encephalopathy.
MRI Fig. 2 revealed a diffuse confluent hyperintense signal
of the subcortical white matter on T2/FLAIR sequence that
spared U-fibers, cortex, and deep brain structures. Diffu-
sion-weighted imaging revealed diffuse diffusion restriction
throughout the subcortical white matter in the same pattern
as the hyperintensity on T2/FLAIR. Susceptibility-weighted
imaging did not show any hemorrhage.

Neurological examination demonstrated preserved cra-
nial nerve reflexes, but no response to noxious stimuli.
Lumbar puncture was performed revealing a white blood
cell count of 1, red blood cell count of 1, glucose level
of 79 mg/dl, and protein level of 29 mg/dl. CSF test-
ing for culture and routine microbial stains, HSV PCR,
VZV PCR, CMV PCR, AFB stains, and cryptococcal
antigen were all negative. Additionally, SARS-CoV-2
PCR testing was also negative in CSF. Long-term video
EEG monitoring was performed and revealed generalized
background slowing and state-dependent triphasic waves,
but no asymmetric or epileptiform features. Repeat MRI
of the brain was performed 12 days after the initial scan
Fig. 3 showing evolution of diffusion restriction. The T2
FLAIR hyperintensity in the white matter persisted. There
was no abnormal contrast enhancement after gadolinium
administration.

Over the next month, patient’s mental status slowly
improved to the point of being awake, alert, oriented, follow-
ing simple commands, and mouthing a few words. He was
then transferred to a long-term acute care where he was suc-
cessfully weaned off the ventilator. His neurological status
continued to gradually improve.

Discussion

Herein, we report a case of severe encephalopathy in the
wake of severe COVID-19 infection. Prolonged encepha-
lopathy in patients with severe COVID-19 is associated with

increased mortality and poor outcomes (Liotta et al. 2020).
This was noted in our patient as well, who survived and had
neurologic improvement but required prolonged hospitaliza-
tion. The findings of diffuse symmetric T2/FLAIR hyperin-
tensities on MRI can be seen in many conditions including
posterior reversible leukoencephalopathy syndrome (PRES),
hereditary leukodystrophies, infectious causes like HIV-
associated leukoencephalopathy, demyelinating disorders
like acute disseminated encephalomyelitis (ADEM), and
toxic-metabolic causes (Sarbu et al. 2016). In addition to
the pattern of diffusion restriction and T2/FLAIR hyperin-
tensity being dissimilar to relatively common presentations
of atypical PRES, there was a lack of PRES risk factors
in this case such as precipitous hypertension or commonly
offending drugs like tacrolimus (McKinney et al. 2007). The
normal CSF helps rule out alternate diagnoses such as active
inflammatory or infectious processes as the cause of his leu-
koencephalopathy. Overall, the COVID-19-positive status of
the patient, severe nature of the COVID-19 infection, lack
of clear alternative diagnoses, and the similarity to previ-
ously reported cases of leukoencephalopathy in COVID-
19 support the diagnosis of leukoencephalopathy related
to COVID-19 in this case. The radiological presentation is
unique given the severity and diffuse nature of leukoenceph-
alopathy without microhemorrhages, unlike those reported
previously (Radmanesh et al. 2020). We also demonstrate
the presence and evolution of diffusion restriction changes
4 weeks after hypoxia, with a normal CT scan of the head
initially, suggesting a delayed mechanism of onset.

Many theories are proposed for possible etiologies of
diffuse leukoencephalopathy with COVID-19. A toxic-
metabolic cause including delayed response to hypoxemia
is postulated to be the most likely cause (Lang et al. 2020).
Our patient had severe hypoxemia leading to mechanical
ventilation. Delayed post-hypoxic leukoencephalopathy is
the most likely cause in our patient given the presence of dif-
fusion restriction changes about 4 weeks after hypoxia. This
is distinct due to the reversible nature secondary to demy-
elination (Katyal et al. 2018; Shprecher and Mehta 2010).
An interval period of improved or normal neurocognitive
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Fig.2 a Diffusion-weighted imaging (DWI) and b apparent diffusion cortex, and deep brain structures. ¢ T2/FLAIR sequence that dem-

coefficient (ADC demonstrate corresponding hyperintensity on DWI onstrates diffuse confluent hyperintensity throughout the subcortical
and hypointensity on ADC which suggests diffuse confluent acute dif- white matter, corresponding to the diffusion restriction, and also spar-
fusion restriction of the subcortical white matter, sparing the U-fibers, ing U-fibers, cortex, and deep brain structures
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Fig.3 a Diffusion-weighted imaging (DWI) and b apparent diffusion tion with no interval development of additional diffusion restriction. ¢
coefficient (ADC) show continued hyperintensity on DWI but evolu- Diffuse confluent T2/FLAIR subcortical white matter hyperintensity
tion to isointensity on ADC which suggests subacute diffusion restric- without interval change
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status could not be established in our patient due to severe
respiratory failure and possibly due to COVID-19-related
encephalopathy. Alternatively, the sequela of direct neu-
rotropism has been proposed. In our case, as in other case
series, SARS-CoV-2 was not detected in CSF. Neuropatho-
logical studies in COVID-19 have demonstrated no direct
damage to the CNS from the virus but changes second-
ary to hypoxia were noted (Solomon et al. 2020). Delayed
post-hypoxic leukoencephalopathy should be considered in
patients with prolonged encephalopathy following severe
COVID-19, especially given its reversible disease course.
Long-term follow-up of survivors, further imaging, and clin-
icopathologic correlations are needed to better characterize
the leukoencephalopathy in these patients.
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