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ABSTRACT

BACKGROUND AND PURPOSE: Various patterns of leukoencephalopathy have been described in coronavirus disease 2019 (COVID-
19). In this article, we aimed to describe the clinical and imaging features of acute disseminated leukoencephalopathy in critically ill
patients with COVID-19 and the imaging evolution during a short-term follow-up.

MATERIALS AND METHODS: We identified and reviewed the clinical data, laboratory results, imaging findings, and outcomes for 8
critically ill patients with COVID-19 with acute disseminated leukoencephalopathy.

RESULTS: All patients demonstrated multiple areas of white matter changes in both cerebral hemispheres; 87.5% (7/8) of patients
had a posterior predilection. Four patients (50%) had short-term follow-up imaging within a median of 17 days after the first MR
imaging; they developed brain atrophy, and their white matter lesions evolved into necrotizing cystic cavitations. All (8/8) patients
had inflammatory cytokine release syndrome as demonstrated by elevated interleukin-6, D-dimer, lactate dehydrogenase, erythro-
cyte sedimentation rate, C-reactive protein, and ferritin levels. Most (7/8; 87.5%) patients were on prolonged ventilator support
(median, 44.5 days; interquartile range, 20.5 days). These patients had poor functional outcomes (6/8 [75%] patients were discharged
with mRS 5) and high mortality (2/8, 25%).

CONCLUSIONS: Critically ill patients with COVID-19 can develop acute disseminated leukoencephalopathy that evolves into cystic degen-
eration of white matter lesions with brain atrophy during a short period, which we dubbed virus-associated necrotizing disseminated acute
leukoencephalopathy. This may be the result of COVID-19-related endothelial injury, cytokine storm, or thrombotic microangiopathy.

ABBREVIATIONS: ADEM ¼ acute disseminated encephalomyelitis; ARDS ¼ acute respiratory distress syndrome; CRP ¼ C-reactive protein; COVID-19 ¼ co-
ronavirus disease 2019; ESR ¼ erythrocyte sedimentation rate; GCS ¼ Glasgow Coma Scale; IL-6 ¼ interleukin-6; INR ¼ international normalized ratio; IQR ¼
interquartile range; LDH ¼ lactate dehydrogenase; PRES ¼ posterior reversible encephalopathy syndrome; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome
coronavirus 2; VANDAL ¼ Virus Associated Necrotizing Disseminated Acute Leukoencephalopathy; WM ¼ white matter

Much of the focus regarding the global pandemic of corona-
virus disease 2019 (COVID-19) has been on the cardiovas-

cular, pulmonary, and hematologic complications. However,
neurologic complications have become increasingly recognized
sequelae, with associated high morbidity and mortality.1-5

Although the current literature is limited regarding neuroimaging
findings in patients with COVID-19,6-8 there have been recent
reports of critically ill patients with leukoencephalopathy with

or without cerebral microhemorrhages.9-14 Different radiologic

patterns of white matter (WM) injury have been described in
critically ill patients with viral infections, including diffuse leu-

koencephalopathy with microhemorrhages, acute disseminated en-

cephalomyelitis (ADEM), and posterior reversible encephalopathy
syndrome (PRES).11,15-20 Due to a paucity of neuropathologic

data, the pathophysiologic processes responsible for these imaging
characteristics are not completely understood. A recent report on

postmortem examination of 5 patients with COVID-19 did not
reveal evidence of encephalitis or central nervous system vasculitis,

but this series lacked neuroimaging.21 Another report suggested
that the neuropathologic lesions in patients with COVID-19 had

features resembling both vascular and demyelinating etiologies,22

but this report also lacked neuroimaging data to correlate with the
neuropathologic findings.

In this article, we aimed to describe the clinical, laboratory,
and functional outcomes of patients with COVID-19 with acute
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disseminated leukoencephalopathy on brain MR imaging, as well
as the imaging evolution of these WM lesions. We examined pos-
sible underlying mechanisms for these findings.

MATERIALS AND METHODS
We performed a retrospective chart review of 115 adult patients
positive for COVID-19 who underwent brain MR imaging at 3
tertiary care hospital sites of a single academic medical center
from March 1, 2020, to May 10, 2020, and found 8 patients with
acute disseminated leukoencephalopathy, 4 (50%) of whom had
.1 MR imaging, 3/4 (75%) who had 2, and 1/4 (25%) who had 3
MR imagings. MR images obtained on a 3T MR imaging scanner
included susceptibility-weighted imaging, while those scanned on
a 1.5T scanner had gradient-echo imaging. Of the 8 patients, 4
patients had imaging performed on both 1.5T and 3T MR imag-
ing scanners. MRIs were evaluated independently by 2 fellow-
ship-trained neuroradiologists (R.J. and V.N.). Imaging data on
the pattern of distribution of the WM lesions and microhemor-
rhages were collected. Follow-up MR imaging studies were eval-
uated for progression or evolution of WM lesions and evidence
of subjective brain atrophy, defined as an interval increase in the
prominence of the ventricles and sulcal spaces due to brain vol-
ume loss compared with the baseline study.

S.A., S.D., and P.K. reviewed charts and collected the following
data: comorbidities, presenting symptoms, time from symptom
onset to presentation, vital signs, ventilator days before brain MR
imaging, total ventilator days, the total length of hospitalization,
treatment received for COVID-19, occurrence of in-house cardiac
arrest, Glasgow Coma Scale (GCS) score at MR imaging and 2
weeks post-MR imaging, acute respiratory distress syndrome
(ARDS) severity score (calculated as the lowest partial pressure of
oxygen/fraction of inspired oxygen ratio while intubated).23

Functional outcomes included discharge mRS, discharge disposi-
tion, and death. Discharge mRS scores were calculated by trained
physical therapists #5days before discharge or determined by a
neurology resident (S.A.) on the basis of the clinical notes when not
otherwise documented. We collected laboratory variables including
admission and nadir platelet count and fibrinogen levels and admis-
sion and peak D-dimer, lactate dehydrogenase (LDH), international
normalized ratio (INR), erythrocyte sedimentation rate (ESR), C-re-
active protein (CRP), interleukin-6 (IL-6), and ferritin levels.

This study was approved by the New York University
Grossman School of Medicine Institutional Review Board, which
granted a waiver of informed consent (IRB No. i20-00567).

RESULTS
All 8 patients with MR imaging findings of acute disseminated leu-
koencephalopathy were men, with a median age of 59.5 years
(range, 38–69 years). Demographic and clinical features of individ-
ual patients are shown in the Online Supplemental Data. Although
2 patients had no known comorbidities, the remaining 6 had at least
3 comorbidities on admission. All patients presented with respira-
tory symptoms (fevers, chills, cough, and dyspnea) and had symp-
toms for a median of 7days (range, 4–14days) before presentation
to the emergency department. All patients (100%) were treated
with a combination of hydroxychloroquine and azithromycin,

62.5% (5/8) were also treated with tocilizumab, and 12.5% (1/8)
were given lopinavir-ritonavir. Intubation was required for
87.5% of patients (7/8), and ventilator support was needed for
a median of 44.5 days (range, 24–52 days). Of these 7 patients,
42.9% (3/7) had moderate and 42.9% (3/7) had severe ARDS.
The peak systolic blood pressure before the first MR imaging
ranged from 162 to 240mm Hg. In-hospital cardiac arrest
occurred in 37.5% (3/8) of patients, all of whom achieved a
return of spontaneous circulation. Nearly all (87.5%; 7/8)
patients developed acute kidney injury, and 62.5% (5/8)
required continuous renal replacement therapy. At the time of
the analysis of this study, 25% (2/8) of patients had died. There
were no neuropathologic specimens available for analysis
because postmortem examination was not performed.

These patients had cytokine storming as demonstrated by ele-
vated median IL-6 (admission ¼ 31pg/mL [interquartile range
(IQR) =15.5 pg/mL]; peak¼ 49pg/mL [IQR¼ 73.5 pg/mL]; normal
IL-6 levels ¼ #5pg/mL); D-dimer (admission ¼ 2003ng/mL
[IQR¼ 2980 ng/mL]; peak¼ 8645ng/mL [IQR¼ 4751.25 ng/mL);
normal ¼ D-dimer ,230ng/mL); LDH (admission ¼ 492 U/L
[IQR ¼ 284 U/L]; peak ¼ 970.5 U/L [IQR ¼ 605.5 U/L]; normal
LDH levels ¼ 84–246 IU/L); ESR (admission ¼ 83mm/h [IQR ¼
60.5 mm/h]; peak ¼ 117mm/h [IQR ¼ 27.75 mm/h]; normal ESR
levels ¼ 0–10mm/h); CRP (admission ¼ 113.5mg/L [IQR ¼
106.43 mg/L]; peak¼ 336mg/L [IQR 77.63 mg/L]; normal CFP lev-
els ¼ 0.0–3.0mg/L); and ferritin (admission ¼ 1070ng/mL [IQR ¼
906.7 ng/mL]; peak ¼ 4701.5ng/mL [IQR ¼ 11616.3 ng/mL]; nor-
mal ferritin levels¼ 8.0–388.0ng/mL) (Online Supplemental Data).

Initial neuroimaging with brain MR imaging was performed
at a median of 23.5 days (IQR ¼ 5 days) since admission and, if
intubated, 23 days (IQR ¼ 6.5 days) after intubation. The indica-
tion for neuroimaging was persistent encephalopathy in nearly all
(87.5%; 7/8) patients. Patients had a median GCS of 5 (IQR ¼
5.8) on the day of MR imaging, and there was no change in me-
dian GCS scores 2 weeks post-MR imaging. These patients had
poor functional outcomes (75% of patients with discharge mRS
of 5) and a high mortality rate (25%).

Neuroimaging showed multiple patchy areas of WM re-
stricted diffusion/cytotoxic edema in both cerebral hemispheres,
with a predilection for the posterior and subcortical regions in
87.5% (7/8) of patients. One of the 2 patients who received gado-
linium demonstrated enhancement of the WM lesions suggesting
BBB breakdown and evidence of central necrosis (Fig 1). Patchy
lesions similar to WM lesions were also seen in the cerebellum
(62.5%), brain stem (50%), and basal ganglia (25%) (Online
Supplemental Data). Most (75%) patients also had microhemor-
rhages (Fig 1). Four patients underwent a follow-up MR imaging
at a median of 35.5 days (IQR ¼ 14.3 days) since admission and
17 days (IQR ¼ 19.5 days) after the first MR imaging. Follow-up
imaging in all 4 patients showed necrosis and development of
small cystic cavitations in the WM lesions (which showed re-
stricted diffusion/cytotoxic edema on the baseline study) and
brain volume loss (Online Supplemental Data and Fig 2). Three
patients also showed progression of WM lesions, which became
more confluent (Fig 3). One patient who had 3 MR imaging stud-
ies showed sequential progression of the above WM findings on
both follow-up studies.

2 Agarwal � 2020 www.ajnr.org



DISCUSSION
We identified 8 critically ill patients with COVID-19 with acute
disseminated leukoencephalopathy. This is the first study, to
our knowledge, to show imaging evolution of acute dissemi-
nated leukoencephalopathy in patients with COVID-19. All
patients who underwent follow-up imaging showed necrosis
and cavitation of initial WM cytotoxic lesions as well as
brain atrophy during their hospital stay within a fairly short
follow-up period. Our findings suggest that this necrotizing
leukoencephalopathy leads to rather rapid progression of
extensive and permanent white matter damage and brain at-
rophy in these critically ill patients, which correlate very well
with the poor functional outcomes shown in these patients.

Most (87.5%) of our patients had lesions that were predomi-
nantly posterior, similar to lesions seen in PRES. There have been
reports of PRES in COVID-19,24,25 and while the MRI findings
for our patients appear similar to those in PRES, they differ from
those in PRES in that these WM changes are more patchy and
deep, rather than confluent26 and progress rather than resolve on
follow-up imaging.

Furthermore, while these lesions bear some similarity to other
white matter lesions seen in patients with viral infections, such as
acute necrotizing encephalitis27,28 or ADEM,29,30 they differ from
these entities, as well. The WM lesions seen in patients in our
study showed multiple diffuse confluent areas of T2/FLAIR
hyperintensity, with diffusion restriction suggesting cytotoxic

edema, which appears to be different from ADEM, in which these
lesions are seen more often in subcortical regions with surround-
ing vasogenic edema. Thus, it appears that these lesions represent
a previously undescribed finding, which we have dubbed virus-
associated acute necrotizing disseminated leukoencephalopathy,
or VANDAL, for short.

There have been serial brain MR imaging studies among crit-
ically ill patients without COVID-19 that have demonstrated
global brain atrophy with preferential involvement of the superior
frontal gyri, thalami, cerebellum, and hippocampal regions. The 4
patients in our study who had follow-up imaging showed brain at-
rophy. Although there have been no prior studies in patients with
COVID-19 with serial imaging showing any evidence of brain at-
rophy, the findings seen in our patients could be due to either crit-
ical illness, hypoxic injury, or cytokine storming.31-33

Variable direct and indirect mechanisms of CNS injury due to
COVID-19 could be responsible for these imaging findings.

COVID-19–Related Endothelial Injury
Viral infections have been noted to cause endothelial damage
leading to increased permeability of the BBB.15 Some patho-
logic studies in patients with COVID-19 have shown direct vi-
ral invasion of endothelial cells and diffuse endothelial
inflammation,34 but more recent literature has suggested that
these particles may have been misinterpreted as coronavirus
and instead represent the rough endoplasmic reticulum.35

Severe Acute Respiratory Syndrome coronavirus 2 (SARS-
CoV-2) binds directly to angiotensin-converting enzyme 2
receptors, which can cause weakening of the endothelial layer,

FIG 1. Axial DWI (A) and T2-weighted imaging (B) showing dissemi-
nated leukoencephalopathy with associated microhemorrhages (C)
seen on the susceptibility-weighted imaging. D, Postcontrast T1-
weighted imaging shows patchy enhancement of most WM lesions,
with the larger lesion in the left cerebral hemisphere also showing
central nonenhancement, suggestive of breakdown of the BBB and
WM necrosis.

FIG 2. A and B, Axial FLAIR and coronal T2-weighted images at
baseline MR imaging (day 25) showing multiple confluent areas of
leukoencephalopathy. C and D, These lesions progressed to show
development of cystic cavitations in the WM (arrows) as well as
interval prominence of the lateral and third ventricles, suggesting
brain atrophy on follow-up MR imaging on day 75.
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leading to a breakdown of the BBB and subsequent dysfunction
of autoregulation.36,37 Additionally, SARS-CoV-2 could lead to
inflammation of the endothelial lining due to the recruitment
of immune cells or hypoxic injury.38

PRES has been associated with endothelial dysfunction.39 In
PRES, peak systolic blood pressure usually is between 170 and
190mmHg, but 10%–30% of patients have normal or only mildly
elevated blood pressure.40,41 The peak systolic blood pressures in
our patients ranged from 162 to 240mm Hg. Thus, the imaging
changes in our patients may be related to PRES, despite the ab-
sence of prolonged hypertension. While PRES usually resolves
with time, 4 of our patients who had follow-up imaging were
found to have progression of their WM lesions, suggesting that
while this process may be related to PRES, it is different. Some of
these deep, patchy WM lesions were present in the middle cere-
bral artery–posterior cerebral artery overlap area and could repre-
sent watershed ischemia due to hypoperfusion resulting from
hypotension during cardiac arrest (experienced by 37.5% [3/8] of
our patients) or hypotension secondary to sepsis. However, the
posterior predominance of these lesions and the presence of
lesions in the brain stem and cerebellum, areas not typically asso-
ciated with watershed ischemia, make this mechanism of injury
less likely.

Cytokine Storm
Patients with COVID-19 who are critically ill have a massive
inflammatory reaction believed to be due to accumulation of T-
cells and macrophages, resulting in the release of a large number

of cytokines into the bloodstream aiming to destroy the offending
pathogen and resulting in numerous clinical manifestations
known commonly as cytokine release syndrome.42,43 Classic lab-
oratory findings of cytokine release include decreased T-cells and
natural killer cells and, most important, an increase in IL-6,
which leads to fever and multiorgan dysfunction. Higher levels of
cytokines and interleukins have been postulated to be related to
findings of disseminated leukoencephalopathy in patients with
septic shock.44 These patients had laboratory evidence of cytokine
storming, which could lead to BBB breakdown, promoting the
development of acute disseminated leukoencephalopathy.

Thrombotic Microangiopathy
Microhemorrhages in the subcortical WM and corpus callosum
have been reported in high-altitude exposure and ARDS,45 and
they are believed to be the result of disseminated intravascular
coagulation. Microhemorrhages within afflicted posterior and
subcortical WM may also be seen in PRES.26,46 In the population
of critically ill patients with COVID-19, neuroimaging findings of
diffuse leukoencephalopathy may be seen in conjunction with
microhemorrhages, as is seen in some of our patients.7,10,11,47

The appearance of cotton wool spots and microhemorrhages on
fundus examinations further suggests pathologic and ophthalmo-
logic evidence of thrombotic microangiopathy in patients with
COVID-19.48

Thus, endothelial dysfunction, cytokine storming, and
thrombotic microangiopathy may contribute to the develop-
ment of the acute disseminated leukoencephalopathy seen in

FIG 3. Axial DWI, T2-weighted, FLAIR (A–C), and coronal T2-weighted images (D) at baseline MR imaging (day 10) showing multiple patchy areas
of restricted diffusion/cytotoxic edema in the WM. E–H, Axial corresponding follow-up MR imaging (day 75) demonstrates development of
cystic cavitations in the previous patchy cytotoxic WM lesions (arrows) as well as interval prominence of the lateral and third ventricles, sug-
gesting brain atrophy. Follow-up MR imaging also showed marked progression of more confluent WM lesions surrounding the patchy cystic
lesions.
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patients with severe COVID-19 described herein. Of course,
these factors could also lead to leukoencephalopathy with a
variety of other imaging phenotypes. Acute disseminated
necrotizing leukoencephalopathy appears to be a harbinger
of poor outcome in patients with severe COVID-19, but it is
unclear how patients with acute disseminated necrotizing
leukoencephalopathy will compare with patients with other
COVID-19-asscoiated WM changes during a long period.

Limitations of the current report include a small sample size,
retrospective data collection, and a lack of histopathologic data.
Nevertheless, there have been other neuropathologic studies pub-
lished recently that support our findings and provide insight into
the neurotropism of SARS-COV-249 and the potential parainfec-
tious processes affecting the neural tissue in COVID-19.22

Further neuropathologic studies that include clinical and imaging
data are needed to better understand these findings.

CONCLUSIONS
Critically ill patients with COVID-19 may develop extensive
and disseminated leukoencephalopathy, which evolves into
cystic/cavitatory necrotizing lesions during a short time pe-
riod with brain atrophy, correlating with the poor functional
outcome in these patients. We believe that these lesions occur
as a result of endothelial dysfunction, cytokine storming, and
thrombotic microangiopathy. Because these findings appear
to be inconsistent with any previously described neuropa-
thology, we have dubbed this virus-associated necrotiz-
ing disseminated acute leukoencephalopathy (VANDAL).
Histopathologic studies as well as long-term follow-up stud-
ies are needed to better understand this phenotype of leu-
koencephalopathy and determine if and how this is different
from other WM changes in patients with COVID-19.
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