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ObjectivesObjectives

� To demonstrate pitfalls in diagnosis; 
the importance of correlation with 
clinical information

� Advanced imaging techniques
– MR diffusion
– MR perfusion
– MR spectroscopy

� Zebras in brain and spine

Some important caveatsSome important caveats

� A meningitis may appear “normal” 
on routine MR or CT

� A tumor may look like infection and 
an infection may look like a tumor

� One should always consider the 
possibility of a herpes encephalitis 
when the limbic system is involved

2D random walk of water2D random walk of water2D random walk of water2D random walk of water

MR diffusion MR diffusion -- DWIDWI

Cortical reduced diffusionCortical reduced diffusion

Isotropic Isotropic vsvs anisotropic diffusionanisotropic diffusion

isotropic

anisotropic
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Reduced DiffusionReduced Diffusion

• hypercellularity in  tumors – lymphoma , meningioma, PNET , 
some high grade gliomas

• high viscosity – abscess, epidermoid cyst

• cytotoxic edema (intracellular water accumulation caused by 
energy failure ) – ischemia or infection (i.e. herpes encephalitis)

• venous congestion – from vascular malformation (ex AVF) or 
venous outflow obstruction 

• spongiform degeneration of neurons – Creutzfeldt-Jakob 
disease ( CJD)

45 M w/ systemic HTN, non compliant w/ meds45 M w/ systemic HTN, non compliant w/ meds

DWI ADC

FLAIR 3 days f/u DWI

acute toxic reversible acute toxic reversible leukoencephalopathyleukoencephalopathy

50 M with acute confusion50 M with acute confusion Same day MRISame day MRI

Ax DWI Ax T1 +c

Cor FLAIR
Ax FLAIR

What is the best diagnosis ?What is the best diagnosis ?

1. Creutzfeldt-Jakob Disease 

(CJD)

2. Venous hypertensive 

encephalopathy

3. Acute infarct

4. Acute herpes encephalitis

5. Glioma

Acute herpes encephalitisAcute herpes encephalitis

Ax DWI

Cor FLAIR Ax FLAIR

Post ax T1 + c
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Acute herpes encephalitisAcute herpes encephalitis

• Most common viral infection of the CNS

• Presents with confusion, seizures, progressive dementia, 

headaches, and hallucinations.

• Rapid decline in neurological symptoms

• MRI: T2 hyperintensity, parenchymal swelling, +/-

hemorrhage. Gyriform reduced diffusion

• Must consider herpes in all limbic encephalitis. Very 

treatable dz. High morbidity with delay in treatment.

17 days later MRI17 days later MRI

Ax FLAIR

Ax DWI

cor FLAIR

Post ax T1 + c

Autoimmune mediated limbic encephalitis Autoimmune mediated limbic encephalitis 
(AME) (AME) -- mimicker of Herpes encephalitis mimicker of Herpes encephalitis 

• Certain tumors outside CNS express antigens that are also 
expressed by neuronal cells
• Host mounts an immune response producing Ab that targets 
both the tumor and specific sites in the brain; cross react with 
either neuronal cell surface antigens or intracellular antigens.
• MR imaging nearly always shows abnormalities compatible 
with a pattern of limbic encephalitis. 
• T2 hyperintensity always involving mesial temporal 
(amydala and hippocampus)
• can be unilateral or bilateral involvement

Autoimmune mediated limbic encephalitis Autoimmune mediated limbic encephalitis 
(AME) (AME) -- mimicker of Herpes encephalitis mimicker of Herpes encephalitis 

• other areas : insular cortex and cingulate cortex
• atypicalto have reduced diffusion or enhancement
• most frequently, it is caused by Ab to underlying small cell 
lung or breast ca, testicular or ovarian ca, or thymoma. 
• AME should be strongly considered in pts presenting with 
encephalopathy and progressive or intermittent symptoms 
developing in weeks to months
• if suspicious, test for anti-Hu, anti-Ma2, anti-NMDAR, 
anti-CV2 and anti-VGKC Ab associated underlying 
malignancy.

Autoimmune mediated limbic encephalitis Autoimmune mediated limbic encephalitis 
(AME) (AME) -- mimicker of Herpes encephalitis mimicker of Herpes encephalitis 

• Treatment of underlying malignancy and 
immunomodulation
• In many cases, there is complete resolution or significant 
improvement of symptoms following therapy
• Imaging abnormalities usually reversible after treatment
• DDx: 

• viral encephalitis such as HSV. Can exclude with 
repeated CSF HSV polymerase chain rxn (PCR) or viral 
culture

28 F w/ 3 wk 28 F w/ 3 wk hxhx of psychosis, of psychosis, orofacialorofacial
dyskinesiasdyskinesias, and , and dysautonomiadysautonomia

• areas involve
•Hippocampus
•Amydala
•Anterior temporal
• insular
• fusiform gyrus

• no enhancement

Dx: AME assoc. w/ 
ovarian teratoma

Cor FLAIR

Ax T1+c

Ax T2

+ anti-NMDAR
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59 M w/ confusion and 59 M w/ confusion and szsz

Ax DWI

Ax T2 Ax FLAIR

What is the best diagnosis ?What is the best diagnosis ?

1. Acute infarct

2. Herpes encephalitis

3. Glioma

4. Don’t know. Need to give 

contrast.

59 M w/ confusion and 59 M w/ confusion and szsz

Ax DWI

Ax T2 Ax FLAIR ax T1 + c

GBM w/ 
post ictal 
changes 

67 F w/ 9 wks 67 F w/ 9 wks progprog. dementia & visual disturb.. dementia & visual disturb.
Ax DWI

Ax T2 Cor FLAIR

What is the best diagnosis ?What is the best diagnosis ?

1. CJD

2. B/l herpes encephalitis

3. Acute infarct

4. Artifacts, since you can 

barely see the abnormalities 

on FLAIR

67 F w/ 9 wks 67 F w/ 9 wks progprog. dementia & visual disturb.. dementia & visual disturb.
Ax DWI

Ax T2 Cor FLAIR

Sporadic creutzfeldt-Jakob dz
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CJD : Typical manifestationCJD : Typical manifestation

• Symptom: fatal neurodegenerative disease, rapid 

progressive dementia, myoclonus, ataxia, and various other 

neurological deficits. 

• Cause: Accumulation of abnormal protein PrPsc in 

neurons, leading to cell death or spongiform degeneration of 

the neurons.

• Types: Sporadic CJD involves caudate, putamen, thalamus, 

and cortex.

• vCJD involves pulvinar; transmission of bovine 

spongiform encephalitis to human

CJD : Typical manifestationCJD : Typical manifestation

• MRI: + DWI in cerebral cortex, caudate, putamen, 

thalamus, hippocampus.Nocerebral swelling or adjacent 

white matter abnormality. Findings best seen on DWI

• No treatment  that can cure or control CJD

• Therapy aims at alleviating the symptoms and making  

individual as comfortable as possible.

CJD variant: Bovine CJD variant: Bovine spongioformspongioform encaphalopathyencaphalopathy

Ax DWIAx T2

71 M w/ rapidly progressive dementia and 71 M w/ rapidly progressive dementia and 
myoclonusmyoclonus

baseline

8 wks

80 wks

Ax T2 Ax T1 Ax T1 +c DWI ADC

Reiger et al JNO 2010

Recurrent malignant glioma treated on Avastin

Rim enhancing lesionsRim enhancing lesions

47 F w/ HA and confusion47 F w/ HA and confusion

Ax T2CT
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Rim enhancing lesion in Rim enhancing lesion in cerebritiscerebritis and and 
subsequent abscesssubsequent abscess

Ax DWIPost ax T1 + c

DDx : infected metastasis 

59 M w/ HA and left sided weakness59 M w/ HA and left sided weakness

Pre axial T1 Ax FLAIR Post ax T1 + c

MR perfusionMR perfusion
• acquisition of successive images during the first 
pass of contrast thru the brain
• signal drop caused by susceptibility effects of gad 
is computed on a voxel to voxel basis
• the degree of signal drop is proportional to the 
tissue concentration of gadolinium.
• the relative concentration-vs-time curves or signal 
intensity-vs-time curves are then used to calculate 
the CBV, MTT and CBF.
• lesions w/ high CBV thought to present abnormal 
inc. angiogenesis, indicating the presence of tumor

DeconvolutionDeconvolution methodmethod

MR perfusion

GlioblastomaGlioblastoma MutliformeMutliforme
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Case Case 22

GBMGBM

Limitations of MR perfusionLimitations of MR perfusion

• Low grade astrocytomas have no elevated 
CBV
• Except for oligodendrogliomas, which have 
high CBV irrespective of grade
• some inflammatory lesions such as an acute 
demyelinating plaque can have slightly elevated 
CBV
• GBM treated on avastin can have low CBV 
even in the presence of tumor progression

Low grade Low grade gliomaglioma

Ax FLAIR MR Perfusion - rCBV

39 F w/ tingling and numbness39 F w/ tingling and numbness

Ax T2 Ax FLAIR

Ax T1 +c
Multiple SclerosisMultiple Sclerosis
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Baseline

12 weeks

rCBV Ax T1 + c

Reiger et al JNO 2010

Recurrent malignant glioma treated on Avastin 57 M w/ fever and confusion. 57 M w/ fever and confusion. +HIV

Toxoplasmosis

Ax T1 +c Sag T1 +c

Toxoplasmosis Toxoplasmosis 

• most common CNS infection in AIDS 
population
• cause by an opportunistic infection;  
reactivation of parasite toxoplasma gondii
• common location: gray white matter jn, and 
basal ganglia
• Pathology shows necrotizing encephalitis
• Treatment with clindamycin and pyrimethamine
• Contrast enhancement can be seen for up to 2 
years
• for persistent lesions, need biopsy to distinguish 
from lymphoma

63 F w/ HA and numbness63 F w/ HA and numbness

Ax T2 Post ax T1 + c

MR Spectroscopy in normal brainMR Spectroscopy in normal brain MR spectroscopyMR spectroscopy

Metabolite Indication

Lipid (0.9ppm and 1.3ppm )
Markers of brain injury in hypoxic 
insult, tumor, etc.

Lactate (1.33ppm) Hypoxic and metabolic marker

NAA (N-acetylaspartate) (2ppm)
Neuronal number (GM); axonal 
density (WM)

Cr (Creatine), includes 
phosphocreatine (3ppm)

Brain energy marker

Cho (Choline) (3.2ppm)

A complex of membrane and 
brain inflammation markers 
elevated in brain injury of non-
specific type

mI (myo-inositol) (3.56ppm) Astrocyte marker

Glx (combined glutamine plus 
glutamate) (2.35ppm)

Liver disease; hypoxia
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12 months following resection of a brain tumor12 months following resection of a brain tumor

left

right

Suspicious for 
recurrent 
tumor

8 8 mosmos following surgery, following surgery, xrtxrt, chemo of a brain tumor, chemo of a brain tumor

right

left

Deceased 
NAA, 
increased Cho, 
suggestive of 
xrt injury

MR Spectroscopy in brain lesionMR Spectroscopy in brain lesion MR Spectroscopy in brain lesionMR Spectroscopy in brain lesion

GBM

41 F w/ tingling and numbness, blurred vision41 F w/ tingling and numbness, blurred vision

Ax T1 +c Ax FLAIR

MR spectroscopy MR spectroscopy 

TE 144
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41 F w/ tingling and numbness, blurred vision41 F w/ tingling and numbness, blurred vision

TumefactiveTumefactive multiple sclerosismultiple sclerosis

Ax T1 +c Ax FLAIR

TumefactiveTumefactive MSMS

• It remains a diagnostic challenge
• MRS is similar in acute demyelinating lesions (ADLs) and 
high grade glioma
• Both entities have some degree of rapid cellular proliferation, 
inc. metabolism, and disruption of the neuronal tissue
• Both can have  decreased NAA , elevation of choline; and a 
lactate peak. The highest lactate peak is found in plaques with 
high inflammatory activity
• definitive dx can be make with special stain for myelin and 
axons. One would see demyelination with relative axonal 
sparing.
• a longer period of radiographic and clinical f/u may be useful

OncometabolitesOncometabolites in brain tumorsin brain tumors

• 2HG (2-hydroxyglutarate) is of particular interest b/c of 
its prognostic value  
• 2HG is elevated in brain tumors w/ mutation in the IDH1 
(isocitrate dehydrogenase1) gene.
• tumors that have IDH1 gene mutation are  primarily in 
the grade II and III gliomas and secondary GBM
• 2HG can be use to distinguish between primary and 
secondary GBM 
• Pts w/ elevated 2HG has significant survival advantage
• 2HG can be quantified in brain tumors using (1H) MRS.

MS GBM

abscesstoxoplasmosis

Helpful tools:

• Immuno status
• Age
• History
• Advanced imaging 

techniques: 
• DWI
• MR perfusion
• MRS

Interesting spine casesInteresting spine cases
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34 M w/ back pain and 34 M w/ back pain and rtrt leg painleg pain

Sag T2 Sag T1 + c Ax T2

What is the best diagnosis?What is the best diagnosis?

Sag T2

1. Arachnoid cyst

2. cystic schwannoma

3. related to degenerative 
disc disease and disc 
herniation

4. neurocysticerosis

34 M w/ back pain and 34 M w/ back pain and rtrt leg painleg pain

Sag T2 Sag T1 + c Ax T2

Lumbar discal cyst

Lumbar Lumbar discaldiscal cystcyst

• uncommon cause of lumbar radiculopathy
• occurs at a slightly younger age (range 18 to 41yo)
• discal cyst communicates with the intervertebral 
disk
• 2 hypothesis: 

• an epidural hematoma initially formed from 
hemorrhage of the epidural venous plexus results 
from either disk herniation or an underlying disk 
disc injury. 

Lumbar Lumbar discaldiscal cystcyst

• Focal tear of the annulus fibrosis. The extruded 
fluid incites an inflammatory response that leads 
to reactive pseudomembrane formation and 
development of a discal cyst. 

• Imaging : Low signal rim on T2 and rim 
enhancement post gad
• Treatment: CT guided aspiration for relief of 
radicular symptoms. Discal cyst resolves on its own 
if left alone.

55 55 yoyo M w/ 10 y M w/ 10 y hxhx of progressive numbness of progressive numbness 
of RLE and weakness of LLEof RLE and weakness of LLE

Sag T2 CT myelogram

T6

T7
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HerniationHerniation of cord of cord thrthru a left u a left anterolateralanterolateral
duraldural defectdefect � First reported in 1974 by Wortzman et al

� Rare cause of thoracic myelopathy that is treatable 
but difficult to diagnose 

� Age of presentation in reported cases: 22 - 71 y.o, 
with a mean of 43 yrs. 

� Female:male - 1.4:1
� Spontaneous, idiopathic, traumatic. 
� Initial process is thoracic dural defect
� Thoracic cord initially plugs the dural defect. With 

prolonged CSF pulsation, the cord herniates thru the 
defect.  Adhesions and distortion of the cord with 
possible vascular compromise over time leads to 
progressive myelopathy.

Idiopathic, or traumatic cord Idiopathic, or traumatic cord herniationherniation

� Why ventral hernation/adhesion at the thoracic level? 
� Spinal cord lies ventrally due to natural kyphosis and 

the exiting course of the nerve roots
� Herniation of thoracic cord anteriorly or 

anteriolaterally - most often T2-T8 
� Slowly progressive symptoms 
� Brown-Sequard syndrome (70%) – ipsilateral 

hemiparesis and loss of proprioception and vibratory 
sensation and contralateral loss of pain and 
temperature sensation 

� A minority presented with bowel/bladder 
incontinence and paraparesis  

Idiopathic, or traumatic cord Idiopathic, or traumatic cord herniationherniation Idiopathic, or traumatic cord Idiopathic, or traumatic cord herniationherniation

� Diagnosis made only 1/3 of the time preoperatively 
� MRI/CT myelogram findings are almost 

pathognomonic  - anterior kinking of thoracic spinal 
cord, widening of the dorsal arachnoid space; cord 
atrophy and/or signal changes.

� Goals of surgery are to reduce the herniated portion of 
the cord and to repair the dural defect with a dural 
patch.

� An early and correct diagnosis may reverse any 
neurologic deficits

Sag T2

Ax T1

52 52 yoyo M w/ 4 yr M w/ 4 yr hxhx of RLE weakness and of RLE weakness and 
numbnessnumbness Idiopathic spinal cord Idiopathic spinal cord herniationherniation

CT myelogram Ax T2
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PostopPostop: absence of the anterior kink : absence of the anterior kink 

Sag T2

14 14 yoyo boy w/ scoliosis. No neurologic deficitboy w/ scoliosis. No neurologic deficit

An arachnoid cyst -
Most common ddx 
of idiopathic cord 
heniation

Sag T2

62 M w/ gait disturbance, numbness and 62 M w/ gait disturbance, numbness and 
weakness of the weakness of the b/lb/l LE over several yrs.LE over several yrs.

C6 C6

C7 C7

T1 T1

T2

T3

T2

T3

Sag T2 Sag T2

ArachnoidArachnoid cyst  cyst  

IntraoperativelyIntraoperatively : white , yellowish thickened : white , yellowish thickened 
arachnoidarachnoid membranemembrane

Postoperatively: marked reduction of Postoperatively: marked reduction of syrinxsyrinx

Sag T2

Symptomatic Symptomatic syringomyeliasyringomyelia w/ a spinal w/ a spinal arachnoidarachnoid cystcyst

• Felt that the arachnoid cyst was causing the 
syringomyelia
• Treatment: excision of the cyst
• Goal is to improve neurological symptoms 
and to reduce the size of the syrinx
• if conventional MR images are equivocal, 
phase contrast MR imaging or CT myelogram 
may be helpful to detect the presence of an 
arachnoid cyst
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Zebras

39 F w/ 39 F w/ 
worsening worsening 
headachesheadaches

Cor T1 + c Cor T2

Ax T2 Ax T1Ax GREAx DWI

Lipomatous mass, ? parosteal lipoma or liposarcoma

LipomatousLipomatous meningiomameningioma
• rare, benign tumor
• metabolic disorder of the meningothelial cells 
w/ fat accumulation inside of the mass
• imaging depends on the amount of fat 
accumulation within the lesion
• path shows meningothelial cells and lipid laden 
cells resembling mature adipocytes
• favors a meningothelial differentiation rather 
rather than an adipocytic lineage

52 M from Ghana w/ acute rt sided brachiofacial 
paresis 6 wks prior to first presentation

Imaging at 6 wks prior to first presentation

Cor FLAIR Cor T1 + c

What is your best diagnosis?What is your best diagnosis?

1. toxoplasmosis

2. lymphoma

3. glioma

4. subacute infarct
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8 days later 4 months later

SubacuteSubacute infarctinfarct

45 45 yoyo M w/ seizures and headachesM w/ seizures and headaches

DWI Ax T1 + c

Ax T2

Ax T1 +c

MRA

Ax T2

1. Multiple arachnoid
cysts

2. Neurocysticercosis

3. Neuroenteric cysts

4. Aneurysms and 
vasculitis

What is your best diagnosis?What is your best diagnosis?

MRA

VasculitisVasculitis and and arachnoiditisarachnoiditis in in racemoseracemose form of form of 
neurocysticercosisneurocysticercosis

1. Multiple arachnoid 
cysts

2. Neurocysticercosis
3. Neuroenteric cysts
4. Aneurysms and 

vasculitis

NeurocystercercosisNeurocystercercosis

• Cause by the larval form of the tapeworm T. 
Solium
• Most common cause of acquired epilepsy in 
developing countries 
• MRI: 

• vascular involvement (arteritis with or 
without infarction)
• inflammatory response (edema,  or 
arachnoiditis
• in ventricular forms  (degree of obstruction)
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NeurocystercercosisNeurocystercercosis

• Usually good prognosis following antiparasitic 
and antiepileptic therapy
• Except for the racemose form which resembles a 
cluster of grapes in the SAH
• associated with poor prognosis and high 
mortality rate (>20%)
• Complications: intracranial hypertension, stroke, 
hydrocephalus, chronic seizures

27  F w/ severe 
frontal HA, b/l 
hearing loss and 
visual changes

What is your best diagnosis ?What is your best diagnosis ?

1. Multiple sclerosis

2. Susac syndrome

3. Drug toxicity

4. ADEM
Susac Syndrome

• clinical triad 
• encephalopathy
• Retinal aa occlusion
• hearing loss

• microangiopathy of 
precapillary aa.

27  F w/ severe 
frontal HA, b/l 
hearing loss and 
visual changes

Typical MS with very mild reduced diffusionTypical MS with very mild reduced diffusion SusacSusac syndromesyndrome

• First described by John Susac in 1975
• thought to be immunologically mediated
• microangiopathy of brain and retina and microinfarcts of 
only precapillary aa
• female predominance 3:1 ; age ranging from 16 to 58 yo 
• clinical triad : encephalopathy,  side branch retinal aa 
occlusion and hearing loss (from microinfarcts)
• severe HA most constant complaint. Also cognitive 
changes, confusion, memory and psychiatric disturbances
• LP shows high protein in CSF, occas. mild lymphocytic 
pleocytosis
• Tx regimen includes IV steroids, immunosuppressive and 
antithrombotic agents.
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SusacSusac syndromesyndrome

• MRI 
• always show callosal involvement
• affects both supratentorial and infratentorial white 
matter
• BG and thalamus involvement (70%)
• callosal lesion typically central
• cortical microinfarcts, although present on path, are 
usu. not seen on imaging

• clinical course self limiting, fluctuating and 
monophasic; lasting 6 mos to 5 years

29 F w/ worsening HA, MRI negative29 F w/ worsening HA, MRI negative

MRAMRA

CathCath AngioAngio –– AVF between middle AVF between middle 
meningealmeningeal aaaa and vein of and vein of labbelabbe

42 42 yoyo w/ HIV+ and confusionw/ HIV+ and confusion

Ax T2

Ax T1

Ax T1 + c

Crytpcoccal 
meningoencephalitis w/ 
gelatinous pseudocyts
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