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ORIGINAL RESEARCH
ADULT BRAIN

Clinical, Imaging, and Lab Correlates of Severe COVID-19
Leukoencephalopathy

O. Rapalino, A. Pourvaziri, M. Maher, A. Jaramillo-Cardoso, B.L. Edlow, J. Conklin, S. Huang, B. Westover,
J.M. Romero, E. Halpern, R. Gupta, S. Pomerantz, P. Schaefer, R.G. Gonzalez, S.S. Mukerji, and M.H. Lev

ABSTRACT

BACKGROUND AND PURPOSE: Patients infected with the Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) can de-
velop a spectrum of neurological disorders, including a leukoencephalopathy of variable severity. Our aim was to characterize
imaging, lab, and clinical correlates of severe coronavirus disease 2019 (COVID-19) leukoencephalopathy, which may provide insight
into the SARS-CoV-2 pathophysiology.

MATERIALS AND METHODS: Twenty-seven consecutive patients positive for SARS-CoV-2 who had brain MR imaging following in-
tensive care unit admission were included. Seven (7/27, 26%) developed an unusual pattern of “leukoencephalopathy with reduced
diffusivity” on diffusion-weighted MR imaging. The remaining patients did not exhibit this pattern. Clinical and laboratory indices,
as well as neuroimaging findings, were compared between groups.

RESULTS: The reduced-diffusivity group had a significantly higher body mass index (36 versus 28 kg/m2, P , .01). Patients with
reduced diffusivity trended toward more frequent acute renal failure (7/7, 100% versus 9/20, 45%; P ¼ .06) and lower estimated
glomerular filtration rate values (49 versus 85 mL/min; P ¼ .06) at the time of MRI. Patients with reduced diffusivity also showed
lesser mean values of the lowest hemoglobin levels (8.1 versus 10.2 g/dL, P , .05) and higher serum sodium levels (147 versus
139 mmol/L, P ¼ .04) within 24 hours before MR imaging. The reduced-diffusivity group showed a striking and highly reproduci-
ble distribution of confluent, predominantly symmetric, supratentorial, and middle cerebellar peduncular white matter lesions
(P , .001).

CONCLUSIONS:Our findings highlight notable correlations between severe COVID-19 leukoencephalopathy with reduced diffusivity
and obesity, acute renal failure, mild hypernatremia, anemia, and an unusual brain MR imaging white matter lesion distribution pat-
tern. Together, these observations may shed light on possible SARS-CoV-2 pathophysiologic mechanisms associated with leukoen-
cephalopathy, including borderzone ischemic changes, electrolyte transport disturbances, and silent hypoxia in the setting of the
known cytokine storm syndrome that accompanies severe COVID-19.

ABBREVIATIONS: BMI ¼ body mass index; COVID-19 ¼ coronavirus disease 2019; ICU ¼ intensive care unit; RT-PCR ¼ reverse transcription polymerase
chain reaction; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2; SOFA ¼ Sequential Organ Failure Assessment

Among the neurologic disorders associated with Severe
Acute Respiratory Syndrome coronavirus-2 (SARS-CoV-

2)1-3 infection, there have been several reports of diffuse white
matter abnormalities, including a “leukoencephalopathy with

reduced diffusivity” on diffusion-weighted MR imaging.4 This

pattern of severe, bilateral white matter involvement appears to

develop late in the course of coronavirus disease 2019 (COVID-

19) in critically ill patients and may be related to the prolonged
hypoxemia that these patients experience, often even while

asymptomatic.5

Indeed, although leukoencephalopathy can result from a
diverse group of genetic, toxic/metabolic, inflammatory, and
infectious conditions, several well-described leukoencephal-
opathy syndromes may have direct relevance to COVID-19
pathophysiology. These disorders, which are associated with
distinct clinical features, imaging patterns, and laboratory
findings, include but are not limited to both delayed posthy-
poxic leukoencephalopathy (which often develops days or
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weeks following an initial, typically catastrophic, global
hypoxic event, such as carbon monoxide poisoning, drown-
ing, opioid overdose, or other causes of cardiac arrest)6-9 and
sepsis-related leukoencephalopathy (which occurs in critically
ill patients and is likely due to deranged blood-brain barrier
permeability caused by inflammatory mediators, allowing pas-
sage of cytokines and other neurotoxins into the cerebral
white matter).10-13

Review of the current literature suggests possible roles for
“silent hypoxia” and/or “cytokine storm” in the development
of severe COVID-19-related leukoencephalopathy;5,14,15 the
paucity of postmortem studies to date contributes to this
uncertainty.16 Our purpose, therefore, has been to characterize
the clinical, imaging, and laboratory correlates of COVID-19
leukoencephalopathy, which may provide insight into the
SARS-CoV-2 pathophysiologic mechanisms of severe white
matter cellular injury.

MATERIALS AND METHODS
Study Design
We performed an observational, retrospective study of consec-
utive patients admitted to Massachusetts General Hospital
between February 1, 2020, and May 12, 2020. Data collection
was approved by the institutional review board and followed
Health Insurance Portability and Accountability Act guide-
lines. The institutional review board approved a waiver of
informed consent for this retrospective analysis.

Patient Cohorts
Forty-seven consecutive adult patients positive for SARS-CoV-
2 who had brain MR imaging were identified by overlapping
an institutional database of adult patients with COVID-19

(n= 7146) and a radiology database of
brain MR imaging studies (n = 2266)
acquired between February 1, 2020,
and May 12, 2020. SARS-CoV-2 infec-
tion was confirmed by at least 1 posi-
tive real-time reverse transcription
polymerase chain reaction (RT-PCR)
test. Inclusion criteria were the follow-
ing: 1) an assay positive for SARS-
CoV-2; 2) age 18 years or older; 3)
admission to the intensive care unit
(ICU); and 4) brain MR imaging
performed .24 hours following ICU
admission (Fig 1). Patients not admitted
to the ICU, younger than 18 years of age,
or having undergone brain MR imaging
before their ICU admission were
excluded. One patient who had a brain
MR imaging at the time of the ICU
admission was excluded due to the
presence of a pre-existent neurologic
condition (suspected central pontine
myelinolysis). During data collection,
308 patients (202 men, 66%) with
COVID-19 were admitted to the ICU.

Of 47 patients positive for SARS-CoV-2 who had brain MR
imaging, 28 (28/47, 60%) were admitted to the ICU (Fig 1).

Definition of Baseline and Clinical Variables
Demographic and baseline clinical characteristics were recorded,
including the duration of symptoms before admission and the
number of days from ICU admission to MR imaging acquisition,
as well as documentation of organ involvement and standard lab-
oratory data both at the time of ICU admission and within
24 hours before MR imaging acquisition. The Sequential Organ
Failure Assessment (SOFA) score was calculated for every patient
at ICU admission. All data were collected using predetermined
guidelines from the patients’ electronic medical records. Baseline
and ICU data collection was performed blinded to the imaging
findings, including the diffusion abnormalities.

Imaging Protocol
The brain MR imaging studies were performed on 1.5T (Excite
HDx; GE Healthcare) and 3T (Magnetom Skyra or Prisma;
Siemens) scanners. The sequences and acquisition parameters of
the typical MR imaging protocol included the following: axial dif-
fusion (voxel size ¼ 1.4 � 1.4 � 5.0mm, TR¼ 5000 ms, TE¼
96.0ms, b-values ¼ 0 and 1000 s/mm2), axial SWI (voxel size ¼
0.8 � 0.8 � 1.8mm), axial FLAIR (voxel size ¼ 0.4 � 0.4 �
4.0mm, TR¼ 9000ms, TE¼ 85.0ms, TI¼ 2500ms), axial T1
(voxel size ¼ 0.8 � 0.8 � 4.0mm, TR¼ 220ms, TE ¼ 2.46ms),
sagittal MPRAGE (voxel size ¼ 1.0 � 1.0 � 1.0mm, TR¼
2530ms, multiple TE values), and axial T2 BLADE (Siemens)
(voxel size ¼ 0.7 � 0.7 � 7.0mm, TR ¼ 5500 ms, TE ¼ 17 ms).
Patients without gadolinium contraindications were administered
0.1mmol/kg of gadoterate meglumine (Dotarem; Guerbet). The
following sequences were acquired following contrast

FIG 1. Flow chart of the patient-selection process.

2 Rapalino � 2021 www.ajnr.org



administration: axial T1-2D (voxel size ¼ 0.8 � 0.8 � 4.0mm,
TR¼ 220ms, TE ¼ 2.46ms) and sagittal MPRAGE (voxel size ¼
1.0� 1.0� 1.0mm, TR¼ 2530ms, multiple TE values).

Imaging Evaluation
Imaging was reviewed using the PACS by 2 neuroradiologists
(O.R., M.M.), blinded to the clinical and laboratory findings.
Discrepancies were resolved by consensus. Patients were dicho-
tomized into 2 discrete groups: those with-versus-without “leu-
koencephalopathy with reduced diffusivity,” based on the
presence or absence of white matter lesions with reduced diffusiv-
ity not consistent with an established pattern of ischemic infarc-
tion. The extent of supra- and infratentorial WM involvement
was qualitatively graded for each patient on the basis of a 4-point
Likert score (0=normal, 1 =mild, 2 =moderate, and 3= severe).
The anatomic distribution of white matter signal abnormalities
was recorded. The presence and number of microhemorrhages
were assessed on SWI sequences when available (n=24) or on
gradient recalled-echo sequences (n=3). Additional neuroimag-
ing findings such as abnormal gray matter signal or intracranial
enhancement were collected.

Statistical Analysis
Descriptive statistics were performed to summarize categoric var-
iables as percentages and continuous variables using means and
proportions, range, and 95% confidence intervals. Q-Q plots and
Shapiro-Wilk tests were implemented for testing normality.
Nonparametric data were described using median and interquar-
tile range. For comparison of means of continuous variables with
normal distribution, the Student t test was used. The Mann-
WhitneyU test was chosen for comparison of nonparametric var-
iables. The Fisher exact test was used to analyze the association of
clinical and laboratory findings between the groups with-versus-
without reduced diffusivity. Differences and 95% confidence
intervals were estimated using the t test for all variables reported.
P values ,.05 were considered significant. Analyses were con-
ducted using SPSS, Version 24 (IBM).

RESULTS
Patient Cohort Characteristics
Twenty-seven patients (20/27 men, 74%; mean age, 63 years; 95%
CI, 57–69 years) were included in the analysis. Seven (7/27, 26%)
were identified as having leukoencephalopathy with reduced dif-
fusivity (5/7 men, 71%; mean age, 63 years; 95% CI, 55–71 years);
the remaining 20 in the control group did not exhibit this pattern
(15/20 men, 75%; mean age, 63 years; 95% CI, 58–69 years)
(Table 1 in the Online Supplemental Data). There were no signifi-
cant differences in the percentage of Asian (0% vs. 5%), Black/
African American (14% vs. 30%), White (29% vs. 30%), or
Hispanic (57% vs. 35%) between the reduced diffusivity and con-
trol groups. The patients with reduced diffusivity compared with
the control group had a significantly higher BMI (36 versus
28 kg/m2, P, .01). Other baseline characteristics, including prior
tobacco use, concurrent illnesses, symptoms before admission,
previous cardiac arrest, and number of days symptomatic
(including dyspnea), were similar per the Online Supplemental
Data. Except for a single patient in the control group, all patients

were intubated at ICU admission. One patient in the control
group (1/20, 5%) received extracorporeal membrane oxygen-
ation. Four patients in the reduced-diffusivity group and 5 in the
control group were treated with nitric oxide (4/7, 57%, versus
5/20, 25%; P ¼ .17). The most common comorbidities were ob-
structive sleep apnea (5/7, 71.4%, versus 14/20, 70%; P ¼ .26),
diabetes (4/7, 57%, versus 8/20, 40%; P ¼ .66), and hyperten-
sion (3/7, 43%, versus 13/20, 65%; P ¼ .39) (Table 1 in the
Online Supplemental Data).

ICU Clinical Data
Patients in the reduced-diffusivity group trended toward more
frequent acute renal failure documented in the ICU clinical notes
(7/7, 100%, versus 9/20, 45%; P ¼ .06) and lower estimated glo-
merular filtration rate values (49 versus 85mL/min, P ¼ .06) at
MR imaging (Table 2 in the Online Supplemental Data). There
were no significant differences between the 2 groups in the fre-
quency of septic shock (6/7, 85.7%, versus 18/20, 90.0%), acute
liver failure (1/7, 14.3%, versus 2/20, 10.0%), cardiac involvement
(2/7, 28.6%, versus 2/20, 10.0%), ischemic bowel (1/7, 14.3%, ver-
sus 2/20, 10.0%), or other clinical and lab indices, including overt
Disseminated Intravascular Coagulation, as listed in table 2 of the
Online Supplemental Data. The reduced-diffusivity group
showed significantly depressed mean values of the lowest hemo-
globin levels (8.1 versus 10.2 g/dL, P , .05), elevated serum so-
dium levels (147 versus 139mmol/L, P¼ .04), and a trend toward
elevated highest D-dimers (4080 versus 2386ng/L, P ¼ .09), all
obtained within 24 hours before MR imaging. Other clinical vari-
ables, including SOFA scores at admission, sedatives, nitric oxide
treatment, and ICU length of stay (up through the time of data
collection), were not significantly different between the 2 groups
(Table 1 in the Online Supplemental Data).

One patient in the reduced-diffusivity group and one in the
control group underwent lumbar puncture for CSF analysis. The
patient in the control group was diagnosed with CNS cryptococ-
cosis in the setting of HIV and SARS-CoV-2 co-infection; the
CSF sample from this patient showed 108 white blood cells and
protein levels at 141mg/dL. CSF samples from the patient in the
reduced-diffusivity group were without pleocytosis (#4 cells)
and had mean protein levels of 152mg/dL.

Imaging Findings
The extent of bilateral, supra- and infratentorial white matter
abnormalities was significantly greater in the reduced-diffusivity
group than in the control group (median Likert scores, 3, 2 versus
1, 0, respectively; P, .002). White matter lesions in the reduced-
diffusivity group were also more likely than in controls to
show an unusual, confluent pattern of supratentorial (P , .001)
and middle cerebellar peduncular (6/7, 86%, versus 1/20, 5%;
P , .001) involvement (Online Supplemental Data, Figs 2–4).
Cerebellar white matter (P ¼ .002) and brain stem (P ¼ .04)
lesions were significantly more common in the reduced-diffusiv-
ity group than in the control group, whereas white matter lesions
trended toward a predominantly symmetric pattern in the
reduced-diffusivity group (7/7, 100%, versus 11/19, 58%; P ¼ .06).
There was no significant difference between groups regarding U-
fiber or corpus callosal involvement, percentage of patients with
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.10 microbleeds, cortical laminar necrosis, or abnormal deep gray
matter signal changes (all P. .25), per Online Supplemental Data.

Contrast was administered to 4/7 (57%) patients in the
reduced-diffusivity group and 7/20 (35%) in the control group.
One patient in each group had abnormal intraparenchymal
enhancement (focal cortical enhancement in a region of laminar
necrosis for a patient in the reduced-diffusivity group, and a small
enhancing focus for a patient with cerebral cryptococcosis associ-
ated with HIV/SARS-CoV-2 co-infection in the control group).
No definite abnormal leptomeningeal enhancement was present
in any of our patients.

DISCUSSION
Our results show that in a consecutive cohort of adult patients
positive for SARS-CoV-2 in the ICU requiring post-admission
brain MR imaging, severe COVID-19 leukoencephalopathy with
reduced diffusivity was associated with obesity, acute renal failure,
mild hypernatremia, anemia, and an unusual, striking, and abnor-
mal brain white matter lesion distribution pattern on MR imaging,
featuring diffuse, confluent, predominantly symmetric supratento-
rial and middle cerebellar peduncular lesions. Although there were
no significant differences in age, gender, race, or ethnicity between
the reduced diffusivity and control groups, in both groups, older
age (mean 63 years) and male sex (71–75%) were predominant.

Several articles to date have reported the occurrence of white
matter signal abnormalities in patients with severe COVID-19.4,17-19

Kandemirli et al17 observed 3 (of 12) critically ill patients with sub-
cortical or deep white matter lesions but without reduced diffusivity.
More recently, Radmanesh et al4 described a series of patients with

leukoencephalopathy, reduced diffusivity,
and microhemorrhages. A systematic
analysis of the risk factors and laboratory
and clinical variables associated with this
unusual leukoencephalopathy, however,
has not previously been emphasized in
the literature.3

We saw no significant differences
between groups regarding the duration
of subjective dyspnea before ICU admis-
sion, the lowest reported pulse oximetry
before admission, PaO2/FiO2 ratios on
admission, the need for extracorporeal
membrane oxygenation, or worst arte-
rial partial pressure of oxygen (PO2)
and lowest oxygen saturation during
the first 24 hours in the ICU (Online
Supplemental Data). These similarities
in baseline oxygenation parameters
were surprising, given that hypoxia
has been hypothesized to be a major
culprit in the pathophysiology of these
white matter changes. Indeed, oxygen-
ation indices (worst arterial PO2 and
lowest O2 saturation oxygenation) on
the day of MR imaging were lower in
the control group, likely reflecting that

45% of those patients had been extubated by that time (versus
14% extubated in the reduced-diffusivity group, Online
Supplemental Data).

Except for body mass index (BMI), our reduced-diffusivity and
control groups were well-matched (Online Supplemental Data). The
reduced-diffusivity group had a significantly higher mean BMI of 36
versus 28 in the control group (corresponding to “moderately obese”
versus “overweight,” respectively). Although there is no estab-
lished direct link between obesity and leukoencephalop-
athy, obesity is a known risk factor for insulin resistance,
lacunar infarcts, and chronic small-vessel disease.20-22 The effect
of obesity on arteriosclerosis might be a contributing factor to
the increasingly recognized thrombotic microangiopathy and
endotheliitis associated with SARS-CoV-2 infection.23 Lampe et
al24 described visceral obesity being associated with a predomi-
nance of deep white matter (rather than periventricular)
MR imaging abnormalities and suggested a potential role
for interleukin 6 and other proinflammatory cytokines in
the development of white matter pathology. The microan-
giopathic effect of obesity (with potential superimposed
effects mediated by cytokines) might further compromise
borderzone regions located in the deep cerebral white mat-
ter and middle cerebellar peduncles.25

Several clinical variables were different between our 2 cohorts,
including a lower mean value for the lowest hemoglobin level within
24 hours before MR imaging (8.1 versus 10.2, P , .05), mildly
higher mean values of the most elevated serum sodium at the same
time point (147 versus 139, P, .04), and a trend toward more acute
renal dysfunction (glomerular filtration rate = 49 versus 85mL/min;
P , .06) in the reduced-diffusivity group. Other organ system

FIG 2. A 64-year-old man with a history of diabetes and hyperlipidemia, admitted with COVID-
19–related hypoxemic respiratory failure and worsening septic shock. Axial DWI (A–C) and ADC
images (D–F) show extensive, bilateral, predominantly symmetric, DWI-hyperintense signal in the
white matter of the bilateral middle cerebellar peduncles, corona radiata, and centrum semi-
ovale, with corresponding dark signal intensity on the ADC images (yellow arrows), reflecting
leukoencephalopathic changes with marked, confluent reduced diffusivity.
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damage was not significantly different between groups, including
cardiac events, acute liver failure, overt Disseminated Intravascular
Coagulation, ischemic bowel, and mean number of systems affected
(Online Supplemental Data).

Although these differences may simply reflect an epiphenome-
non, it is intriguing to speculate whether cytokine effects, which

could also be related to obesity, might con-
tribute to some of these abnormal lab indi-
ces. For example, interleukin 6 and other
proinflammatory cytokines (eg, interleukin
1 and tumor necrosis factor-a) are known
to have a central role in the anemia seen
during systemic inflammatory processes,
impacting iron homeostasis and the retic-
uloendothelial system as well as impairing
regulatory feedback of iron absorption in
the gastrointestinal tract.26,27 Interleukin
6 has been shown to mediate low iron
levels during inflammatory states via the
production of hepcidin.28 These cytokines
might also modulate the transcription of
the erythropoietin (EPO) gene and inhibit
erythroid progenitor cells in the bone
marrow.26

The modest hypernatremia at the
time of MR imaging is more challenging
to explain. Both groups had similar criti-
cal illness severity (reflected by SOFA
scores of 9.3 and 7, respectively; P¼ .09)
and had no reported differences in water
intake or extrarenal water losses (gastro-
intestinal- or skin-mediated). Although
this finding might reflect hypothalamic
involvement with impaired water home-
ostasis, renal dysfunction in COVID-19
has more often been reported to result in
hyponatremia.29,30

The pattern of MR imaging signal
abnormalities we observed is striking.
This pattern of diffuse, confluent, pre-
dominantly symmetric supra- and infra-
tentorial involvment with middle
cerebellar peduncle lesions (seen in 6/7
cases, 86%) is unusual and noteworthy.
The neuroanatomic distribution of these
abnormalities appears more selective
than those reported in cases of delayed
posthypoxic leukoencephalopathy at our
institution and in the literature. Delayed
posthypoxic encephalopathy is often
more extensive, with subcortical white
matter involvement and less frequent
infratentorial involvement.7,31 None of
the patients in our reduced-diffusivity
group had a history of recent cardiac
arrest, though 1 patient in the control
group had an episode of cardiac arrest

without developing these findings.
There have been multiple reports of white matter abnormal-

ities associated with sepsis and critical illness. Sharshar et al12

described white matter lesions in 5/9 (55%) patients with septic
shock and clinical brain dysfunction (mean SOFA, 8). Polito et al11

published a similar study of 71 patients with septic shock and

FIG 3. A 63-year-old male patient with a history of diabetes, hypertension, chronic kidney dis-
ease, and obstructive sleep apnea admitted with COVID-19–related hypoxic respiratory failure
due to acute respiratory distress syndrome. DWI (A–C) shows bilateral areas of reduced diffusiv-
ity, involving the body of the corpus callosum, middle cerebellar peduncles, and periventricular
white matter (arrows, ADC not shown). Magnified axial T2-weighted MR images (D and E) show a
peculiar cavitary appearance of some of the lesions, with decreased signal centrally and a pe-
ripheral T2-hyperintense rim (yellow arrows). These lesions were interpreted as areas of early
cavitation within the white matter abnormalities. A follow-up MR imaging (not shown) showed
resolution of the restricted diffusion within these lesions but with progression of the cavitary/
necrotic changes.

FIG 4. A 76-year-old female patient with a history of schizoaffective disorder and Grave’s dis-
ease, admitted with COVID-19. Coronal DWI (A), ADC (B), and FLAIR (C) images. The brain MR
images showed a leukoencephalopathy with restricted diffusion, predominantly affecting the
middle cerebellar peduncles (yellow arrows) and adjacent cerebellar white matter.
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noted 15 patients (21%) with leukoencephalopathy (median high-
est SOFA score, 9). These authors suggested that the leukoence-
phalopathy seen with septic shock may be related to an altered
blood-brain barrier, allowing passage of proinflammatory mole-
cules and neurotoxins.11

Another possibility in the imaging-based differential diagnosis
of the unusual pattern of leukoencephalopathy in these patients is
a metabolic or toxic etiology.32,33 There were no differences
between the reduced-diffusivity and control groups regarding
sedatives, the use of opioid medications, nitric oxide, or extracor-
poreal membrane oxygenation treatment. The possibility of a
metabolic etiology is intriguing because the anatomic distribution
of white matter lesions in our patients overlaps the pattern seen
with a genetic chloride channelopathy (chloride voltage-gated
channel 2 [CLCN2]–related leukoencephalopathy).34,35 It has
been established, however, that the angiotensin-converting
enzyme 2 receptor used by the SARS-CoV-2 virus has a chloride-
binding site and is regulated by this electrolyte.36 There is also
some degree of overlap between the angiotensin II and chloride
channel pathways physiologically, with angiotensin II producing
activation of chloride currents in cerebral vessels.37,38 A direct
connection between COVID-19 and specific ion-transport abnor-
malities, however, has not been reported to date.

One of our patients showed cavitary, necrotic-appearing
lesions in regions with reduced diffusivity, suggestive of the MR
imaging findings that accompany multifocal necrotizing leukoen-
cephalopathy (Fig 3).39 The anatomic distribution of these lesions
resembled that of our other patients with leukoencephalopathy
with reduced diffusivity; hence, this appearance may reflect a
more advanced stage of white matter cellular injury, as was
described in some early case reports of COVID-19–associated
acute necrotizing encephalopathy.39,40

This observational study has several limitations, including a
small sample size, which could be affecting the potential effect of
some clinical variables. The patients included in the study may
reflect a proportion of those with severe COVID-19 in the ICU
who were stable enough to have a brain MR imaging, potentially
biasing this analysis. The development of cavitary changes in only
one of the patients in the group with restricted diffusion could be
related to a more advanced stage of white matter injury, but this
is difficult to confirm with the small number of cases included in
the study. Nevertheless, we observed several significant correla-
tions among the imaging, clinical, and laboratory findings, pro-
viding a basis for future hypothesis testing in larger cohorts.
Different field strengths and susceptibility sequences in different
MR imaging scanners limit comparison of the prevalence of
microhemorrhages between cohorts. Lack of prior imaging in
several patients limits assessment of pre-existing or other pathol-
ogies. Finally, the retrospective design also limits the availability
of oxygenation data during ICU admission, which may have pro-
vided a more precise measure of the cumulative burden of hy-
poxia experienced by each patient.

CONCLUSIONS
The unusual pattern of white matter injury we observed, together
with the clinical and laboratory correlates, overlaps that of several
conditions that may help elucidate the pathophysiology of severe

COVID-19 encephalopathy. These include but are not limited to
delayed posthypoxic leukoencephalopathy, sepsis-related leu-
koencephalopathy, and metabolic encephalopathies related to
electrolyte disturbances. The anatomic distribution and presence
of reduced diffusivity within these white matter lesions suggest a
combination of several potential factors, including thrombotic
microangiopathy, underlying microvascular changes related to
electrolyte transport derangements that result in borderzone oli-
gemia, potentially direct viral injury,41 and silent hypoxia5,16 in
the context of the well-known cytokine storm seen in many criti-
cal patients with COVID-19.14,15
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