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COVID-19 related leukoencephalopathy can be multifactorial given the systemic effects
of the viral disease. We present couple of cases with typical clinico-imaging stigmata of
COVID-19 resulting in severe respiratory insufficiency. MR brain imaging revealed conflu-
ent diffuse supratentorial white matter T2 hyperintensity with restricted diffusion during
the sub-acute course of the disease. The MR imaging pattern of leukoencephalopathy was
non-specific but more comparable to delayed post-hypoxic leukoencephalopathy (DPHL) as
also previously reported in COVID-19. Interestingly, T2 imaging showed unusual but pecu-
liar finding of “accentuated medullary veins” in the superficial zones. No dural venous sinus
thrombosis or micro-hemorrhages were present to explain “dots and stripes” due to dilated
medullary veins. The patho-mechanism of this findings is not clear but may possibly be
related to demyelination as DPHL has shown to be a demyelinating process. We present
a review of COVID-related leukoencephalopathy with discussion on hypoxia-induced de-
myelinating process with accentuated medullary veins as possible associated marker.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

thy in acute or sub-acute settings. Such findings described in
COVID-related encephalopathy are non-specific with various
potential pathogenesis: toxic, metabolic, posterior reversible

COVID-19 pandemic has been caused by severe acute res-
piratory syndrome corona virus-2 (SARS-CoV-2). Neurologic
or Neuroimaging manifestations related to COVID-19 (NMC)
are being increasingly reported [1-6]. Diffuse white matter T2
signal abnormality is generally termed as leukoencephalopa-

encephalopathy due to patient system illness, critical illness
encephalopathy, post-infectious demyelination and poten-
tially direct infection causing cerebritis due to neuro-tropism
of COVID-19 virus. However, lone of the most plausible ex-
planation can be delayed post-hypoxic leukoencephalopathy
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Fig. 1 - Axial DWI (B1000) (A), ADC (B), T2 (C) and GRE/T2*
(D). Bilateral fronto-parietal white matter confluent diffuse
white matter T2 hyperintensity (leukoencephalopathy)
with restricted diffusion (A & B, arrows) is shown. Note tiny
T2 hypointense foci (arrows, C) representing accentuated
medullary veins. No corresponding susceptibility foci to
represent micro-hemorrhages on gradient echo image (D).

(DPHL) [4], given the high risk of hypoxemic injury in these
patients and further corroborated by confluent symmetric dif-
fuse white matter T2 signal change with restricted diffusion,
typical for DPHL in proper settings [7-9].

We present here two such cases of COVID-related leukoen-
cephalopathy with confluent symmetric diffuse white matter
signal change and corresponding homogenous restricted dif-
fusion, specifically in the fronto-parietal centrum semi-ovale
region. The highlight of both cases is accentuated medullary
veins manifesting in the affected white matter as hypointense
T2 stripes and spots with in the hyperintense white matter.
This may not only add peculiarity to COVID-related leukoen-
cephalopathy but also point to possible pathogenesis perhaps
hypoxia related demyelination. The MR findings of symmet-
ric and diffuse white matter changes with restricted diffu-
sion matches the recently reported findings in COVID-related
leukoencephalopathy, attributing it to delayed post hypoxic
injury [4,5]. However, prominent medullary veins is an unusual
observation and rarely reported in diffuse leukoencephalopa-
thy [10].

Cases with Specific Neuro-imaging Findings

Case 1: A 43 years old COVID positive healthy male present-
ing with mild symptoms but moderate burden of disease on

Fig. 2 - Axial DWI (B1000) (A), ADC map (B), T2 FLAIR (C) and
GRE/T2* (D). Bilateral fronto-parietal white matter confluent
diffuse white matter T2 hyperintensity
(leukoencephalopathy) with restricted diffusion (A & B,
arrows) is shown. Note tiny T2 hypointense foci (arrows, C)
representing accentuated medullary veins. No
corresponding susceptibility foci to represent
micro-hemorrhages on gradient echo image (D).

chest imaging. Progressive worsening culminated in require-
ment for critical care due to respiratory insufficiency and sys-
temic disease. The patient had low Glasgow Coma Score and
showed diffuse leukoencephalopathy on MRI with restricted
diffusion and unusual finding of accentuated medullary veins
(Fig. 1). COVID-19 related leukoencephalopathy was the diag-
nosis of exclusion. Patient passed away after 7 weeks of hos-
pitalization.

Fig. 1: Axial DWI (B1000) (A), T2 (B) and GRE/T2* (C). Bilateral
fronto-parietal white matter confluent diffuse white matter
T2 hyperintensity (leukoencephalopathy) with restricted dif-
fusion (arrows, A) is shown. Note tiny T2 hypointense foci (ar-
rows, B) representing accentuated medullary veins. No corre-
sponding susceptibility foci to represent micro-hemorrhages
on gradient echo image (C).

Case 2: A 45 years old COVID positive healthy male pre-
sented with severe symptoms and biochemical evidence of
severe disease after two weeks of onset and required criti-
cal care due to respiratory insufficiency with severe burden
of disease on chest imaging. The patient sustained low Glas-
gow Coma Score resulting in MR Brain imaging which showed
diffuse leukoencephalopathy with restricted diffusion and the
unusual finding of accentuated medullary veins (Fig. 2 and 3).
COVID-19 related leukoencephalopathy was the diagnosis of
exclusion. Patient was eventually discharged to long term fa-
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Fig. 3 - Multi-planar T2 images. Bilateral diffuse supratentorial sub-cortical and deep white matter T2 hyperintense signal
changes (leukoencephalopathy) with diffuse accentuation of sub-cortical and superficial zone deep medullary veins (arrows,

A, B and Q)

cility due to dependence on mechanical ventilation and neu-
rologic disability.

Discussion

Severe cases of COVID-19 patients are at risk of developing
leukoencephalopathy seen in critically ill patients. There can
be complex interplay of pathogenetic pathways particularly
related to toxic, metabolic, infectious, and hypoxic causes
which can typically result in an imaging manifestation of con-
fluent supratentorial white matter disease pattern with rel-
ative sparing of sub-cortical zones [1-6]. Additional imaging
stigmata can be helpful in further understanding the patho-
genesis of the leukoencephalopathy in this critically ill cohort
of patients.

Our two cases of COVID-19 with confluent, symmetric and
diffusion-restricted fronto-parietal leukoencephalopathy re-
vealed accentuated medullary veins in the affected white
matter. The findings may potentially point to a pathogenetic
relationship rather than representing as a coincidental find-
ing. Certainly, there is some relationship of demyelination
with veins, at least a relationship of vicinity as pathogenetic
relationship is not very clear [11]. Demyelinating disorders
specifically Multiple Sclerosis is generally considered a “peri-
venous disease” [12,13] and lately, supported by manifesta-
tion of “Central Vein Sign” on high field MRI. More interest-
ing would be the potential role of hypoxemic injury causing
demyelinating COVID-19 related leukoencephalopathy in the
setting of sustained respiratory dysfunction. Demyelinating
injury has been previously described in delayed post-hypoxic
leukoencephalopathy (DPHL) [9,14] and our highlighted ob-
servation of prominent medullary veins can be postulated
as marker of demyelination. There was no evidence of cere-
bral venous thrombosis to account for accentuated medullary
veins.

The MR imaging of our 2 cases unequivocally represented
prominent medullary veins. The hypointense T2 flow voids

can cause significant image contrast and appear as filling de-
fects in the background field of homogenous T2 hyperintense
white matter changes. Close similarity of the pattern on MRI
can be seen in lysosomal or hypo-myelinating disorders of
the white matter describes as “tigroid or leopard pattern” [15].
Van der Voorn et al [16] used correlative histopathologic evi-
dence to prove these stripes on MRI as either caused by peri-
venular sparing of the myelin or lipid laden glial/globoid cells
in three patients of metachromatic leukodystrophy (MLD), in-
fantile GM1 gangliosidosis (GM1) and globoid cell leukodystro-
phy (GLD). The prominent superficial medullary veins in our
2 cases can potentially represent peri-venular sparing by the
white matter disease (like above disorders) and or related to
venous pathophysiology of presumed demyelinating leukoen-
cephalopathy:.

Supratentorial parenchymal veins include superficial and
deep draining veins with occasional trans-cerebral veins [17].
Superficial parenchymal veins include intra-cortical, subcorti-
cal, and superficial medullary veins. The superficial medullary
veins runs perpendicular to the cortex and traverse through
it to drain into pial veins. Deep medullary veins on the other
hand drain into the deeper veins via pattern of convergence
and passing through four zones or segments. The two most
superficial zones include bamboo branch union (Zone-I) and
candalebra zone (II), which is the most prominent of the four,
all these eventually drain into subependymal zone. The accen-
tuated veins in our cases likely represented these two super-
ficial zones. Demyelinating plaques in multiple sclerosis have
been well described around medullary veins represented by
the well-established term of “Dawson’s fingers” and lately as
“Central vein sign” on high field MRI. Even, increased propen-
sity of plaques have been described along developmental ve-
nous anomalies (DVA) in multiple sclerosis by [18]. Tomura
et al reported angiographic evidence of dilated medullary
veins in progressive multifocal leukoencephalopathy- a de-
myelinating disease [10].

Demyelination can have multiple etiologies- inflammatory,
viral, metabolic, compressive effects & hypoxia [19]. DPHL is
a rare and relative less recognized disorder manifesting as
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neurologic relapse after weeks of stability following hypoxic
event- usually mild to moderate rather than severe hypoxic
injury [7]. The pathophysiology may not be very clear, but
histopathology has shown extensive demyelination with spar-
ing of the axons, U-fibers and cortex [14]. The post-hypoxic
time interval coincides with the 19 days half-life turn-over
for myelin-related lipids and proteins [20]. DPHL most likely
result from necrosis of oligodendrocytes in susceptible wa-
tershed zones causing failed myelin turn-over but sparing
the axons and no associated myelin vacuolization. The other
contributing mechanism is hypoxia-induced dysfunction of
adenosine triphosphate-dependent enzymes responsible for
myelin maintenance [9]. Most of the previously reported cases
were related to carbon monoxide poisoning, cardiac arrest or
drug over-dose [8,9]. Like the case series by Radmanesh et al
[3,5], our cases suffered sustained respiratory distress due to
COVID-19 and required assisted ventilation for weeks till MRI
was performed. The MR findings typically consist of diffuse
symmetric white matter T2 hyperintensity with correspond-
ing restricted diffusion [7-9].

Further validation is needed especially histo-pathologic
correlation to confirm COVID-related leukoencephalopathy.
Presence of accentuated medullary veins can be coinciden-
tal but certainly present a peculiar appearance on MR imag-
ing. Axial T2 imaging initially suggested microhemorrhages
but there was no susceptibility present on T2* imaging as re-
cently described as one of the neuro-imaging manifestations
of COVID-19 ([3] [21).

In summary, persistent or delayed hypoxic injury is a
plausible contributory patho-mechanism for COVID-related
leukoencephalopathy with imaging features identical to
DPHL. Furthermore, accentuated medullary veins is a pecu-
liar finding with possible association with underlying patho-
physiology of leukoencephalopathy in critically ill COVID-19
cases.
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