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1) Tumor diagnosis

2) Preoperative treatment planning

3) Intraoperative imaging

4) Postoperative care and treatment response.

Neuroimaging in Neuro-oncology
Indications:



• Highly sensitive but nonspecific

• Cannot reliably differentiate tumor and treatment effects

• Unable to guide specific targeted therapy

• Cannot assess early therapy failure & predict clinical outcome

CURRENT PROBLEMS WITH ANATOMIC 

IMAGING



SKULL BASE MASS - PED



IMAGING HAS TO DO A BETTER JOB IN….

• Characterizing brain tumor biology

• Guiding therapy

• Assessing therapeutic response

• Detecting early treatment failure

• Distinguishing tumor progression &treatment effects

• Predicting clinical outcome



• T1W……..anatomy

• T2W……pathology

• FLAIR…more pathology

• STIR….fat vs blood 

• GE/SWI…blood,calcium,flowing blood

• MRA/MRCV…vasculature

• DWI….acute stroke, hypercelluarity

ROUTINE ANATOMIC MRI SEQUENCES



TUMOR PATHOLOGY ON MRI IS MOST OFTEN 

SEEN AS:    

Long T1            and            Long T2



T1-non

PCNSL: IMMUNOCOMPETENT

T2

http://images.google.com/imgres?imgurl=http://www.neuropathologyweb.org/chapter7/images7/7-17al.jpg&imgrefurl=http://www.neuropathologyweb.org/chapter7/chapter7cMedulloblastoma.html&usg=__ZEeBagi-zwGeUoONtDG151WmrZk=&h=356&w=500&sz=240&hl=en&start=16&um=1&itbs=1&tbnid=MNENp6t6fOvr5M:&tbnh=93&tbnw=130&prev=/images%3Fq%3Dcns%2Blymphoma%2Bblue%2Bcell%2Btumor%26um%3D1%26hl%3Den%26sa%3DG%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7TSNA_enUS365%26tbs%3Disch:1


PCNSL: IMMUNOCOMPETENT

T1-gad T1-gad



SHORT T2

(HYPOINTENSITY)  

SHORT T1 

(HYPERINTENSITY)
Iron within necrosis                                                               
Hemosiderin (chronic bleed)                                                
Deoxyhemoglobin (acute bleed)                                          
Melanin                                                                                    
Ferritin                                                                                      
Calcification                                                                             
High nucleus:cytoplasm ratio (PNET,             
lymphoma)            
Dense cellularity                                                                     
Macromolecule content                                                         
Fibrocollagenous stroma
Mucin (colon carcinoma)                                                       
High protein content (Craniopharyngeoma)
Fast flowing blood (Hemangioblastoma, GBM)
Air

Melanin
Manganese
Iron                                                                                     
Calcium
Copper
High protein (colloid cyst)
Methemoglobin (subacute blood)
Fat (lipoma, dermoid)
Cholesterol
Paramagnetic agent (gadolinium)
Flow-related enhancement
in tumor vessel                                                      



T1-non

INTRACRANIAL LIPOMA VS. BLEED

FAST MRI

T1-fatsat



T1-non T2

BRAIN METASTASES: MELANOMA



Transition from

Anatomy  → Physiology → Biology



• Diffusion-weighted imaging / DTI

• Proton MR Spectroscopy

• Functional MRI

• Perfusion-weighted imaging

• Intraoperative MRI

• Ultra-high field MRI

ADVANCED NEUROIMAGING



HETEROGENEITY OF  GLIOMAS ON MRI
Grade 2

Grade 3

Grade 4



CONTRAST ENHANCEMENT ON MRI  IS NONSPECIFIC! 

Glioblastoma ?

Abscess
TB

Demyelinating 

lesion
radiation

necrosis



PSEUDOPROGRESSION POST 

CHEMORADIOTHERAPY

Pre XRT

1 month post

XRT

1 month on steroids



Vredenburgh JJ et al. JCO 2007; 25: 4722

BEVACIZUMAB + IRINOTECAN FOR 

RECURRENT GLIOBLASTOMA

T1-Gd response

http://jco.ascopubs.org/content/vol25/issue30/images/large/zlj0300765060003.jpeg
http://jco.ascopubs.org/content/vol25/issue30/images/large/zlj0300765060004.jpeg


PSEUDO-NORMALIZATION



PET decreased FDG

55 Y/O WITH PROGRESSIVE QUADRAPLEGIA AND 

LETHARGY

Hx of XRT for 

“ependymoma” 

S/P XRT PET decreased FDG



Asymptomatic, 

back to work full 

time as a head 

engineer

Pre-bevacizumab



DWI  IN NEURO-ONCOLOGY

• tumor differential diagnosis

• tumor grade and cellularity

• postoperative injury

• integrity of white matter tracks



T1-gadFLAIR T2

EPIDERMOID CYST



EPIDERMOID CYST!

DECREASED WATER DIFFUSION

DWIDWI ADC



TUMOR?

T1-post FLAIR



DWI

ADC

ABSCESS



S. Chang et al

II

III

IV

ADC & GLIOMA GRADE  



A

B

C

1 2 33 4

1 2 3 4

1 2 3 4

PRE-OP

25 Y/O MAN PRESENTING WITH RIGHT SIDED WEAKNESS

MRA                                            T1W coronal gd+          T1W axial gd+                      DWI

GBM



A

B

C

1 2 33 4

1 2 3 4

1 2 3 4

Pre-op

Post-op

6 wks later



A B C

D E
F

PCNSL



FLAIR T2 DWI

Recurrent GBM

pseudopallasading



SUSCEPTIBILITY WEIGHTED IMAGING







DIFFUSION TENSOR IMAGING       

(DTI)



METASTASIS WITHOUT INVASION OF 

CORTICOSPINAL TRACT



GBM WITH INVASION OF CORTICOSPINAL

TRACT



DTI



MRS IN NEURO-ONCOLOGY
Preoperative

1.Differentiate high grade from low-grade gliomas
2.Differentiate GBM-related  “edema” from metastases-related “edema”
3.refinement of pre-operative differential diagnosis

a.abscess
b.tuberculoma
c.tumefactive demyleinating lesion 

4.diagnose meningioma
5.diagnose PCNSL

Perioperative
1.Localize for stereotactic biopsy
2.determination of extent of resection 
3.Multivoxel MRS to predict radiotherapy volumes

Postoperative
1.monitor malignant transformation of low grade tumors
2.monitoring of response to treatment
3.Differentiating  recurrent GBM from radiation necrosis



NORMAL MRS 

Myoinsitol-Choline-Creatine-Glutamine/glutamate-N-acetyl aspartate-Lipids/lactate



• Decreased NAA signal in neoplasms is from reduced or absent 
production of these metabolites because normal neurons have 
been destroyed or displaced by the neoplastic process

• Elevated choline peak is a surrogate marker of increased cell 
membrane turnover caused by tumor growth or normal cell 
destruction or may at least in part be elevated because of 
increased production through phospholipase upregulation. 

• The relative anaerobic environment of many neoplasms and 
derangements in glucose metabolism result in incomplete 
glucose breakdown and likely account for the elevated lactate 
signal



GBM, TUMOR EXTENSION BEYOND 

ENHANCEMENT



MULTI VOXEL MRS

MAPS HAVE IMPLICATIONS FOR PROGNOSIS AND RT PLANNING



Cho map shows tumor outside of enhancement in GBM



NAA 
Ch

A B C

D E



• Glioma grading (astrocytomas only)

• Image-guided biopsy

• Primary vs Secondary brain tumor

• Tumor vs Treatment effect

• Tumor-mimicking lesions

PERFUSION MRI:

CLINICAL APPLICATIONS



Grade 2 astro

Grade 3 astro

T1

T1 T2

T2 Perfusion 

Perfusion

Perfusion MR



THREE GOALS OF PRESURGICAL FUNCTIONAL 
MRI INCLUDE:

• to determine the feasibility of surgical treatment and risk for 
inducing neurologic deficits, 

• to select patients for intraoperative cortical stimulation, which 
would be indicated when a functional area is included within the 
lesion or at the radiological boundary

• to provide guidance for functional neuronavigation based on 
preoperatively acquired structural information using MRI 



1.5T VS. 3.0T MOTOR TASK FINGER APPOSITION

Spiral 2D single shot, 200 frames, TR 1000ms, TE 40ms

3T 60°; 1.5T 70° (T1› @ 3T:  T1@1.5T~900ms; T1@3.0T~1400ms)

20cm FOV, 5mm/skip 0, 90x90, 6 slices

70°

60°

G. Glover, Dept. of Radiology



THREE GOALS OF PRESURGICAL FUNCTIONAL MRI 

INCLUDE:

• to determine the feasibility of surgical treatment and risk for 

inducing neurologic deficits, 

• to select patients for intraoperative cortical stimulation, which 

would be indicated when a functional area is included within 

the lesion or at the radiological boundary

• to provide guidance for functional neuronavigation based on 

preoperatively acquired structural information using MRI 



A 31-year-old women operated 1 year ago for a 

oligoastrocytoma located in the superior aspect 
of the left middle frontal gyrus. Asymptomatic

Arrows  point to 
NEW lesion

T1w gd+                                        FLAIR



Good

Bad



OOPS 
!!!!!!!!!!!!!

Functional MRI in the sagittal plane using descriptive naming (H) 

indicates activation in the left premotor cortex just below the 

enhancing lesion (arrow). For right hand activation (I) was found 

adjacent to the posterior margin of the post-op cyst, that was normal 
on MRS

FMRI



BA C D E

NNAA

NAA

F G H I

These test results aided the neurosurgeon in the resection of  the enhancing 

lesion and adjacent T2W hyperintensities without post-operative residual 

neurologic deficits. Pathology was consistent with a anaplastic astrocytoma.



0.12 to 3T Tesla

IOMRI SYSTEMS



OPERATIVE PROGRESSION

Diagnostic Pre-
Op Scan

PoleStar® Pre-Op
Scan PoleStar® Intra-Op Scans

with surgery progression

GBM
IOMRI

Operative Progression



• Resection control

• Maintain navigational 

accuracy despite brain shift

• Complication avoidance

IOMRI

1.5T pre-op image

0.15T MRI taken in OR



Tissue shift occur in surgery due to:

* Tumor decompression

* Collapse of brain around the 

operative site

* Loss of cerebrospinal fluid 

* Cortical swelling

BRAIN SHIFT 

(EFFECT ON STEREOTACTIC LOCALIZATION)

Brain Shift by ioMRI



ANGIOGENESISINFILTRATION HYPOXIA

DIFFUSION PERFUSION

Lactate

MRS

S. Chang et al



T2W T1W IR

FLAIR DWI

FiberTrak Perfusion

Venous Bold MRS

COMPREHENSIVE BRAIN IMAGING –TUMOR



Latest Rush to 

Higher Fields?

TESLA ENVY?????????



Thank you for your 

patience !










