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DWI

• focal regions of cytotoxic edema and restricted diffusion 
hyperintense on DWI 

• while sub-acute and chronic phases which set in after the first 4 
days following an ischemic event appear normal to hypointense.

• ADC maps differentiates the falsely hyperintense chronic lesions 
from acute ischemia which also have an accentuated 
hyperintensity on DWI by maintaining the hyperintensity of the 
chronic lesion on the ADC map.

• The use of ADC thresholds may also help improve reproducibility 
of outcomes



• initial DWI lesion volume correlates well with the final infarct volume 
and neurological and functional outcomes and could, therefore, serve as 
an early prognostic tool.

• Diffusion-weighted imaging lesion pattern can help define specific 
stroke subtypes 

• for instance cardio embolism is associated with single cortico-
subcortical lesions, multiple lesions in the anterior and posterior 
circulation and in multiple cerebral territories 

• while large-artery atherosclerosis is associated with a watershed 
distribution of small lesions in one vascular territory and multiple 
lesions in the anterior and posterior circulation. 

• Identifying stroke subtypes using lesion pattern on DWI may help in 
selecting the most appropriate method of prevention







Brain MRS

Magnetic Resonance (MR) 
spectroscopy is a noninvasive 
diagnostic test for measuring 
biochemical changes in the brain, 
especially the presence of tumors. 
While magnetic resonance imaging 
(MRI) identifies the anatomical 
location of a tumor, MR spectroscopy 
compares the chemical composition of 
normal brain tissue with abnormal 
tumor tissue. This test can also be 
used to detect tissue changes in stroke 
and epilepsy.



Coronavirus disease 2019 (COVID-19)

• Evidence further suggests that severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) affects various brain 
regions linking the brain stem, eyes, mouth, and nose. 

• Magnetic resonance imaging (MRI), computed tomography 
(CT), and MR spectroscopy (MRS) of the brain are used for the 
evaluation of metabolic and structural abnormalities involving 
enlarged volumes of various brain regions, such as olfactory 
cortices, hippocampus, and cingulate gyrus

• Concerning neurological and neuropsychiatric abnormalities in 
the COVID-19 survivors, the viral footprint in the brain is well 
established. 



The suggested pathways of SARS-CoV-2 
entry in the brain 

• (i) cytokine storm, the unexpected massive influx of proinflammatory 
cytokines that likely disrupt the blood–brain barrier (BBB) leading to the 
structural and functional abnormality of the brain; 

• (ii) endothelial dysfunction, endothelial cell damage and endotheliitis that 
potentially cause BBB injury and cerebral vascular thrombosis, resulting in 
cerebral microhemorrhages or brain edema; and 

• (iii) hypoxia, elderly group with comorbidities, such as chronic 
hypertension and diabetes mellitus, that demonstrate neurological 
complications.

• Severe hypoxic brain damage further impairs small vessels, leading to 
periventricular neuronal demyelination or white matter microhemorrhages 
and widespread small vessel thrombosis.



Brain Imagining-Based Features

• For the prognosis and diagnosis of COVID-19-induced 
neurological manifestations, the application of noninvasive 
neuroimaging techniques is paramount as described below.

• CT provides images of internal organs, bones, and blood 
vessels. 

• CT scans of patients with COVID-19 have revealed intracerebral 
hemorrhage (ICH)  and stroke

• The literature also mentions the high proportion of hemorrhagic 
events, white matter abnormalities, and ischemic infarction in 
patients with severe COVID-19.



Brain MRI

• MRI is a unique noninvasive technique used to monitor structural 
details of the brain.

• MRI-based findings in COVID-19 patients include atrophy and gliosis 
involving the left temporo-parietal lobe, i.e., hemorrhagic rim 
enhancing lesions within the medial temporal lobes of the patients

• Data from patients with/without ICH lesions suggest that 
hemorrhagic complications are frequently associated with those 
under intensive care.

• Axial diffusion and gradient-echo sequences in these patients reveal 
acute infarcts and microhemorrhages



Fluid-Attenuated Inversion Recovery (FLAIR)

• According to the literature, FLAIR images from patients with COVID-
19 demonstrate hyperintense signal changes in the right mesial 
temporal lobe and slight hippocampal atrophy; extensive patchy 
areas of abnormal signal involving bilateral frontoparietal white 
matter; cortical FLAIR signal abnormality in frontal, parietal, occipital, 
and temporal lobes; and multiple areas of restricted diffusion 
associated with edema. 

• Susceptibility-weighted imaging has revealed extensive 
superimposed hemorrhages in the parietooccipital region.

• nonconfluent multifocal white matter hyperintense lesions along 
with variable intensification.

• Such hemorrhages indicate clinical implications as they are often 
associated with severe respiratory conditions.



Diffusion-Weighted Imaging (DWI)

• DWI indicates hyperintensity and acute ischemic stroke with the foci 
of hyperintensity scattered within the  territory associated with 
neurological symptoms, such as headache and transient generalized 
seizure.



Diffusion Tensor Imaging (DTI)

• DTI maps have shown that patients recovered from COVID-19 are 
more likely to have enlarged hippocampi, olfactory cortices, Heschl’s 
gyrus, cingulate gyrus, insulas, and Rolandic operculum. 

• These patients presented statistically significant higher bilateral gray 
matter volumes indicating disruption in microstructures.

• MRS studies reflect metabolite abnormalities. 

• The patient with white matter abnormality presented the abnormality 
of choline and N-acetyl-aspartate concentrations. 

• The patient with white matter disorder showed more pronounced 
alterations reflecting neuroinflammation.



• Patients with severe COVID-19 potentially demonstrate cytokine storm 
syndrome that triggers ischemic strokes. 

• Other anomalies include ICH, hypoxic–ischemic encephalopathy, and 
ischemic stroke. 

• White matter in the subcortical region of the brain protects nerve fibers 
from injury. 

• White matter abnormalities are reportedly the most persistent 
neuroimaging pattern observed in these patients. 

• The abnormalities are presented as converging hyperintensities on 
T2/FLAIR of MRI along with unnatural restricted diffusion and 
hypointensities on CT and T1W imaging in deep white matter, subcortical 
and middle cerebellar peduncles, corpus callosum, and corticospinal 
tracts, 

• causing nonspecific neurological signs. 

• COVID-19-associated coagulopathy often presents cerebral venous 
thrombosis and large vessel occlusion



• The most frequent imaging findings in category 1 were compatible with 
autoimmune manifestations, observed in six (50%) of 12 patients, as follows. 

• Patchy T2 hyperintensity involving grey and white matter with or without abnormal 
enhancement and diffusion restriction was seen in four (33%) patients

• This imaging pattern is referred to herein as acute disseminated encephalomyelitis 
(ADEM)-like; this descriptive terminology is used to refer to an imaging phenotype 
analogous to an ADEM-like pattern, but does not imply that the patients met the 
clinical definition for ADEM per se.

• Two children (cases 2 and 3) with the ADEM-like imaging pattern had T2 signal 
changes in the splenium of the corpus callosum which, given that these patients had 
seizures at presentation, was thought to be compatible with this clinical 
presentation. 

• One patient (case 4) also developed long-segment myelitis with predominant central 
cord T2 hyperintensity 

• In the two other patients (cases 6 and 7) with autoimmune manifestations, we 
observed enhancement of the cranial nerves or cauda equina, or both, referred to 
under the general term neuritis 





acute infarcts within the 
bilateral cerebral white 
matter (blue) and left 
occipital hemorrhagic 
infarct (green) (axial 
diffusion sequence); (C, D) 
innumerable 
microhemorrhages 
throughout the bilateral 
cerebral hemispheres (red) 
(using gradient-echo 
sequences). 








