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Background: Brain MRI parenchymal signal abnormalities have been associated with severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2).

Purpose: 'To describe the neuroimaging findings (excluding ischemic infarcts) in patients with severe coronavirus disease 2019
(COVID-19) infection.

Materials and Methods: 'This was a retrospective study of patients evaluated from March 23, 2020, to April 27, 2020, at 16 hospitals.
Inclusion criteria were (2) positive nasopharyngeal or lower respiratory tract reverse transcriptase polymerase chain reaction assays,
(b) severe COVID-19 infection defined as a requirement for hospitalization and oxygen therapy, (¢) neurologic manifestations, and
(d) abnormal brain MRI findings. Exclusion criteria were patients with missing or noncontributory data regarding brain MRI or
brain MRI showing ischemic infarcts, cerebral venous thrombosis, or chronic lesions unrelated to the current event. Categorical
data were compared using the Fisher exact test. Quantitative data were compared using the Student # test or Wilcoxon test. 2 < .05
represented a significant difference.

Resvlts: Thirty men (81%) and seven women (19%) met the inclusion criteria, with a mean age of 61 years * 12 (standard devia-
tion) (age range, 878 years). The most common neurologic manifestations were alteration of consciousness (27 of 37, 73%), ab-
normal wakefulness when sedation was stopped (15 of 37, 41%), confusion (12 of 37, 32%), and agitation (seven of 37, 19%). The
most frequent MRI findings were signal abnormalities located in the medial temporal lobe in 16 of 37 patients (43%; 95% confi-
dence interval [CI]: 27%, 59%), nonconfluent multifocal white matter hyperintense lesions seen with fluid-attenuated inversion
recovery and diffusion-weighted sequences with variable enhancement, with associated hemorrhagic lesions in 11 of 37 patients
(30%; 95% CI: 15%, 45%), and extensive and isolated white matter microhemorrhages in nine of 37 patients (24%; 95% CI:
10%, 38%). A majority of patients (20 of 37, 54%) had intracerebral hemorrhagic lesions with a more severe clinical presentation
and a higher admission rate in intensive care units (20 of 20 patients [100%] vs 12 of 17 patients without hemorrhage [71%], P =
.01) and development of the acute respiratory distress syndrome (20 of 20 patients [100%] vs 11 of 17 patients [65%], P = .005).
Only one patient had SARS-CoV-2 RNA in the cerebrospinal fluid.

Conclusion: Patients with severe coronavirus disease 2019 and without ischemic infarcts had a wide range of neurologic manifesta-
tions that were associated with abnormal brain MRI scans. Eight distinctive neuroradiologic patterns were described.
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Table 1: Epidemiologic Profile and Clinical Characteristics

Demographic and All Patients Nonhemorrhagic Forms Hemorrhagic Forms
Clinical Parameters (n=37) (n=17) (n=20) P Value
Sex 41
Male 30 (81) 15 (88) 15 (75)
Female 7 (19) 2(12) 5 (25)
Age (y)* 61 (8-78) 58 (8-73) 64 (51-78) 11
Time from onset of symptoms to first 7 (0-30) [7] 7 (0-15) [7] 8 (3-30) [7] 71
hospital admission (d)* mean/median/range
Time from onset of symptoms to brain 27 (1-406) [27] 19 (1-32) [21] 33 (21-46) [33] <.001
MRI (d), mean/median/range’
Oxygen therapy 36 (97) 16 (94) 20 (100) 45
Acute respiratory distress syndrome 31 (84) 11 (65) 20 (100) .005
Admitred in intensive care units 32 (87) 12 (71) 20 (100) .01
Death of the patient 5 (14) 1 (6) 4 (20) 34
Medical history
History of stroke 7 (19) 1 (6) 6 (30) .09
History of seizures 1(3) 1 (6) 0 45
Another neurologic history 8 (22) 5(29) 3 (15) 42
Neurologic manifestations
Headaches 4(11) 3 (18) 1(5) 31
Seizures 5 (14) 2 (12) 3 (15) <.99
Clinical signs of corticospinal tract involvement 4(11) 1 (6) 3 (15) .6
Disturbance of consciousness 27 (73) 10 (59) 17 (85) .13
Confusion 12 (32) 8 (47) 4 (20) 15
Agitation 7 (19) 5 (29) 2 (10) i
Abnormal wakefulness in intensive care units 15 (41) 2(12) 13 (65) .002

Note.—Unless otherwise indicated, data are numbers of patients, and data in parentheses are percentages.

* Data are means, with ranges in parentheses and medians in brackets.
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Table 2: Laboratory Findings

All Patients Nonhemorrhagic Forms Hemorrhagic Forms

Laboratory Finding (n=137) (n=17) (7 =20) P Value
White blood cell count (X10°/L) (n = 36) 11.8 (8.2-15) 10.4 (7.6-13.7) 13.4 (10-19.2) .03
Lymphocyte count (X10°/L) (n = 36) 1.09 (0.65-1.5) 1.22 (0.52-1.47) 1.06 (0.79-1.5) .8
Hemoglobin level (g/L) (7 = 36) 97 (87-115) 110 (104-123) 87 (82-97) <.001
Platelet count (X10°/L) (z = 36) 292 (194-342) 294 (146-324) 284 (205-408) .65
C-reactive protein level (mg/L) (7 = 32) 58.5 (22.8-155) 73 (18-172) 44 (23-139) .85
Ferritin level (pg/L) (n = 24) 1289 (777-2124) 1364 (618-1957) 1289 (973-3941) .26
Alanine aminotransferase level (IU/L) (1 = 34) 75 (42-119) 70 (45-102) 89 (31-123) .55
Aspartate aminotransferase level (U/L) (n = 34) 48 (33—69) 55 (34-68) 40 (30-72) .49
Urea level (mmol/L) (2 = 35) 13 (6.5-22) 7 (5.5-12) 18 (12-28) .026
Creatinine level (pmol/L) (7 = 35) 112 (62-221) 68 (59-101) 165 (100-247) .09
Prothrombin time (sec) (2 = 30) 14 (13-15) 14 (13-15) 14 (13-15) 5
Fibrinogen (g/L) (7 = 32) 6.9 (5.5-8.4) 8.2 (7-9.3) 6.4 (5.2-8) .06
p-dimer level (mg/L) (n = 28) 2.9 (1.5-3.9) 1.7 (0.7-3.5) 3.4 (2.3-4) .08
Immunologic tests data are #/N (%)

Lupus anticoagulant (n = 19) 15/19 (79) 5/6 (83) 10/13 (77) <.99

Other antiphospholipid antibody (7 = 8) 4/8 (50) 2/3 (67) 2/5 (40) <.99

Antinuclear antibody (7 = 11) 5/11 (46) 1/2 (50) 4/9 (44) <.99

Note.—Unless otherwise indicated, data are medians and data in parentheses are the interquartile range. N is the total number of patients
with available data, and # is the number of patients with positive findings. 2 < .05 indicates a significant difference.

* Data are numbers of patients, and data in parentheses are percentages.

Table 3: Cerebrospinal Fluid Analysis

CSF Analysis All Patients Nonhemorrhagic Forms Hemorrhagic Forms P Values
Markers of inflammation (z = 31) 21/31 (68) 10/16 (63) 11/15 (73) 7
High white blood cell count (7 = 31) 14/31 (45) 8/16 (50) 6/15 (40) 72
Low glycorrhachia (z = 31) 0
High proteinorachia (n = 31) 11/31 (36) 6/16 (38) 5/15 (33) <.99
Elevated IgG level (2 = 16) 7116 (44) 3/6 (50) 4/10 (40) <.99
Presence of oligoclonal IgG bands with 6/13 (40) 1/4 (25) 5/9 (56) .55
the same pattern in serum (2 = 13)
Positive RT-PCR SARS-CoV-2 (z = 28) 1/28 (4) 1/14 (7) 0/14 (0) <.99
High intetleukin-6 level (1 = 6) 2/6 (33) 0/1 (0) 2/5 (40) <.99
High interleukin-10 level (7 = 6) 1/6 (17) 1/1 (100) 0/5 (0) .16

Note.—Unless otherwise indicated, data are numbers of patients and data in parenthescs are percentages. /V is the total number of patients with
available data, and 7 is the number of patients with positive findings. CSF = cerebrospinal fluid, IgG = immunoglobulin G, IQR = interquartile
range, RT-PCR = reverse transcriptase polymerase chain reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus disease 2.
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Figure 2: Axial fluid-attenuated inversion recovery (FLAIR) images in four different patients with

coronavirus disease 2019. A, A 58-year-old man with impaired consciousness has FLAIR hyperinten-

sities (arrow) in the left medial temporal lobe. B, A 66-year-old man with impaired consciousness has

a FLAIR ovoid hyperintense lesion (arrow) in the central part of the splenium of the corpus callosum. C,

A 7 1-year-old woman with abnormal wakefulness after sedation has extensive and confluent supra-

tentorial white matter FLAIR hyperintensities (arrows) in association with leptomeningeal enhancement 6
(*). D, A 61-year-old man with confusion has hyperintense lesions (arrows| involving both middle

cerebellar peduncles.
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Figure 3: Images in a 65-year-old man with abnormal wakefulness after sedation. Nonconfluent multifocal white matter hyperintense lesions on fluid-attenuated
inversion recovery (FLAIR) and diffusion, with variable enhancement, and hemorrhagic lesions. A, B, Axial diffusion-weighted images; C, apparent diffusion coefficient
(ADC) map; D, E, axial FLAIR images; F, sagittal FLAIR image; G, axial susceptibility-weighted image; and H, contrasi-enhanced T1-weighted MRI scan. Multiple
nodular hyperintense diffusion and FLAIR lesions localized in the white matter including the, F, corpus callosum. Some (arrows) are associated with reduced ADC cor-
responding to C, cytotoxic edema. E, G, H, Other lesions are located next to the lenticular nucleus (+), with, G, hemorrhagic changes, and enhancement after conirast
material administration.
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Figure 4:  Axial susceplibility-weighted images in a 57-year-old man with abnormal wakeful-
ness affer sedation show extensive and isolated white matter microhemorrthages mainly affecting
the, A, cerebellar peduncles, B, subcortical white matter, C, internal capsule, and, D, corpus
callosum.
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Figure 5: Images in a 54-year-old man with abnormal wakefulness after sedation. Nonconfluent multifocal white matter hyperintense lesions on fluid-atten-
uated inversion recovery (FLAIR) and diffusion-weighied images, with variable enhancement. A, B, Axial diffusion, C, D, apparent diffusion coefficient (ADC)
map, E, F, axial contrast-enahnced FLAIR, and, G, H, contrasi-enhanced T1-weighted MRI scans. Multiple nodular hyperintense diffusion apd FLAIR subcortical
and corticospinal tracts lesions, with very mild mass effect on adjacent structures. C, D, The lesions present a center with an elevation of ADQ corresponding to
vasogenic edema and a peripheral ring of reduced ADC corresponding to cytotoxic edema. After contrast material administration, G, H, small areas of very
mild enhancement are detected.



Figure 6: Imagesin a 51-year-old man with impaired consciousness and acute necrotizing
encephalopathy. A, C, D, Axial fluid-attenuated inversion recovery (FLAIR), and, B, coronal FLAIR
images show bilateral FLAIR hyperintensity (+) in, A, B, both thalami associated with involvement of
the, C, cerebellar, and, D, cerebral white matter (arrows).
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Teaching Neurolmages: SARS-CoV-2-Related
En Cephalitis Figure Neuroimaging of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)-

Related Encephalitis

MRI Pattern of Olfactory Tract Involvement
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Fluid-attenuated inversion recovery sequences (A, B) demonstrated bilateral cortical hyperintensity involving pre-
dominantly the rectus gyrus (1) overlying the olfactory tract and olfactory bulb, the anterior cingulate gyrus (2), polar
part of the first frontal gyrus (3), and slight involvement of the piriform cortex (4), amygdala (5), and anterior
hippocampus (6). No contrast enhancement was observed on postgadolinium T1 sequences (C). Restricted diffusion
was noted in the frontal gyrus (D: diffusion-weighted imaging; E: apparent diffusion coefficient). Chest CT showed
areas of ground-glass opacity in both lungs, predominantly in the middle lobe (F). 10
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Figure 1. Pathological Studies of Microvascular Injury in the Brains of Patients Who Died from Covid-19.

Panel A (magnetic resonance microscopy of the olfactory bulb) shows an area of hyperintense signal (arrow). Panel B shows the corre-
sponding area on multiplex immunofluorescence imaging, which revealed a focal area of fibrinogen leakage (in the box, fibrinogen is
shown in green, collagen IV is shown in yellow, and nuclei are shown in blue). Panel Bl shows diffuse leakage of fibrinogen in the paren-
chyma (an enlarged view showing marked blood vessel staining for collagen IV is shown in Panel B2). Panel B2 (collagen IV immunos-
taining) shows intact (arrowhead) and thinned (arrow) basal lamina with fibrinogen leakage into the parenchyma. Panel C shows mag-
netic resonance microscopy of the pons, and Panel D (fibrinogen staining) shows areas of increased signal intensity corresponding to
the vascular leakage visible on magnetic resonance microscopy. The arrows and the area within the dashed lines in Panels C and D indi-
cate the vascular leakage. Panels A through E represent imaging performed in Patient IAL. Panel E (collagen IV immunostaining) shows
areas of fibrinogen leakage in blood vessels in Patient IAL. Panel F shows magnetic resonance microscopy of the medulla in Patient 1A3.
The yellow arrows indicate linear hypointense signals, and the red arrows indicate linear hyperintense signals. Panel G shows CD68+
perivascular macrophages in the pons in Patient NY6. Panel H shows perivascular astrocytosis in the basal ganglia in Patient NY5. Panel
| shows perivascular CD3+ cells in the cerebellum in Patient IA1. Panel ] shows intraluminal and perivascular CD8+ cells in the pons in
Patient NY6. Panel K shows perineuronal IBA1 cells in the pons in Patient NY6. Panel L shows CD68+ cells in the dorsal motor nucleus
of the vagus nerve in Patient IAL. Panel M shows a solitary nucleus in the medulla and Panel N shows a pre-Bétzinger complex in Pa-
tient IA1. (Diaminobenzidine staining was used in Panels G through N.)
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