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MULTIMODAL IMAGING 
OF BRAIN TUMORS 

Dr. Vasileios K. Katsaros, MD, PhD
Consultant Neuroradiologist

MULTIMODAL APPROACH

• Conventional MRI Role

• Physiology based MRI
• Diffusion/Tractography
• Perfusion
• MRS
• fMRI

• Clinical Challenges for MR Imaging

Outline
Classification of Brain Tumors

CNS consists of : neurons
neuroglia

(astrocytes, oligodendrocytes, microglia, ependyma, choroid epithelium)

• the majority of brain tumors arise from the neuroglia and are 
included under the broad term of gliomas ( 40-50% of all primary 
and metastatic intracranial tumors)

• primary CNS lymphoma 

• metastatic disease 

• benign cystic masses (arachnoid, epidermoid, dermoid, colloid)
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Intracranial  Tumors

ü Primary neoplasms : 1/3
astrocytoma, oligodendroglioma, GBM

ü Metastases : 1/3
lung, breast, melanoma

ü Non-glial tumors : 1/3
meningioma, lymphoma, pineal tumors

Diagnostic Process
Traditional criteria to establish the diagnosis

ü Age :  * adults  - children

ü Location :   * intra-,   extra- axial
* supra-,   infra- tentorial

ü Morphology - (CT-MRI) :  
*  margins 
* edema    * intratumoral cyst *  necrosis
* hemorrhage * calcifications    * melanin * fat
* vascularity * cellularity
*  pattern of enhancement 

ümetastases 
ügliomas

ülymphoma
üsarcoma

ü ganglioglioma/cytoma
ü DNET
ü neuroblastoma (PNET)
ü pilocytic astrocytoma

Supratentorial Intra-axial Neoplasms

Adults Children

ümetastases 
ühemangioblastoma

ügliomas

ü astrocytoma
ü medulloblastoma 
ü ependymoma
ü brain stem glioma

Infratentorial Intra-axial Neoplasms

Adults Children
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Metastatic disease

• 30-40% of intracranial tumors 

(lung - breast - melanoma - GI tract)

• hematogenous spread - multiple lesions

• corticomedullary junction

• surrounding vasogenic edema
• enhancement :   ↑ dose of contrast

Magnetization Transfer (MT)

Metastatic disease

• 30-40% of intracranial tumors 

(lung - breast - melanoma - GI tract)

• hematogenous spread - multiple lesions

• corticomedullary junction

• surrounding vasogenic edema
• enhancement :   ↑ dose of contrast

Magnetization Transfer (MT)
· Vasogenic edema
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Metastatic disease

• 30-40% of intracranial tumors 

(lung - breast - melanoma - GI tract)

• hematogenous spread - multiple lesions

• corticomedullary junction

• surrounding vasogenic edema
• enhancement :   ↑ dose of contrast

Magnetization Transfer (MT)
Triple dose
GD-DTPA

Gliomas

• heterogeneous group  of tumors : astrocytoma
(pilocytic-anaplastic-GBM), oligodendroglioma, 
ependymoma-subependymoma, choroid plexus papilloma

• 50% of solitary supratentorial masses

• middle age,      male : female = 3:2

• ↓ grade astrocytomas (WHO grades I-II)

• ↑ grade astrocytomas (WHO grades III-IV)

Low grade astrocytoma
· minimal or no edema
· non-hemorrhagic
· enhancement uncommon
· calcification in 15-20%

T2

FLAIR

Post-C
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Anaplastic  astrocytoma
· moderate mass effect
· neovascularity
· irregular enhancement

T1
T2

Post-C

Glioblastoma multiforme - GBM

• the most common glioma (55%)

• dismal prognosis (optimal treatment ≤ 1 year)

• primary (de novo) or secondary  GBM

• diffusively infiltrating tumor with various degree of 
enhancement

• butterfly or multi-centric appearance

Imaging findings consistent with malignancy-
aggressive behavior

• significant peritumoral edema
• necrosis
• infiltrative pattern
• hemorrage
• ↑ cellularity
• ↓ blood brain barrier

GBM
· significant edema
· intratumoral hemorrhage
· necrosis 
· marked enhancement

T2

Post-C

FLAIR
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T2 FLAIR Post-contrast

Meningioma

ü falx, sphenoid wings, parasellar region, 
olfactory groove, CP angle

ü calcifications (20-50%)

ü hyperostosis (20%)

ü “dural tail” sign

ü women  40-70 yrs
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Lymphoma

üB-cell, non Hodgkin

üformerly rare, with increasing frequency in the era of 
immunosuppression and AIDS (10%)

üdeep - subependymal location, corpus callosum

ühighly cellular tumor : ↑  CT, ↓ T2 and ADC

POST-CONTRAST

Lymphoma

T1

T2

Limitations of Conventional  MRI

ü exact limits of tumor extension

ü tumor behavior - grading

ü DDx
ü primary tumor from metastasis

ü residual or recurrent tumor vs radiation necrosis

ü Neoplastic versus non - neoplastic lesions
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Physiology Based MR Techniques

• Diffusion Imaging 

• Perfusion Imaging

• MR Spectroscopy

• Functional MRI

Diffusion Imaging
Microstructural information

ü DDx : · non neoplastic lesions (abscess - epidermoid)
üTumor types or grades ( ↓ADC in ↑ grade tumors)

inverse correlation between diffusivity and tumor cellularity

üTumor extension : · vasogenic edema-tumor infiltration

Diffusion Tensor Imaging (DTI - Fiber Tractography) : 
· WM tracts - presurgical planning

( deformation - displacement - infiltration )

DIFFUSION MODELS IN TISSUES
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Tumor Cellularity - DWI

ü Tissue cellularity or fluid with increased viscosity 
results in restricted diffusion pattern and presents 
with low ADC values

ü Tissue necrosis, gliosis or free moving fluids results in 
elevated diffusion pattern and high ADC values

ü High grade tumors are heterogeneous with areas of 
hypercellularity and areas of necrosis

b1000 ADC
Whole Tumor ADC Histograms
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Whole Tumor ADC Histograms Perfusion Imaging
Microvascularity - angiogenesis

üTumor margins (rCBV, CBF, MTT)
ü↑ rCBV correlates with ↑ grade of malignancy
üGuidance stereotactic biopsy
üDDx : · solitary meta vs glioma

· lymphoma vs toxoplasmosis (AIDS)
· non neoplastic lesions (MS-abscess)

üMonitoring follow-up:   · recurrent tumor vs radiation necrosis
· antiangiogenic treatment

• Perfusion is the delivery nutrients and oxygen via blood to the 
brain tissue

• An intravenous bolus injection of gadolinium-based contrast agent 
is given while the patient is in the scanner and the scan is running

• This bolus gives a strong susceptibility effect on the MR signal

Dynamic susceptibility contrast (DSC) MRI

ü Parameters that can be estimated include
• Relative blood volume and blood flow, rBV and rBF.
• Time to peak (TTP), mean transit time (MMTT) and leakage.

ü Pathology changes the perfusion in the affected areas, 
• Tumors typically have increased blood volume.

Dynamic susceptibility contrast (DSC) MRI
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• Cerebral blood volume the most 
used parameter for tumor evaluation

• Need to normalize the CBV values 

• Normalize to CBV in unaffected brain 
tissue

Dynamic susceptibility contrast (DSC) MRI Dynamic susceptibility contrast (DSC) MRI
Leakage Correction

Dynamic susceptibility contrast (DSC) MRI
nBV Histograms

Dynamic susceptibility contrast (DSC) MRI
nBV Histograms
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MR Spectroscopy
Biochemistry - metabolism

üGrading of tumor : ( ↑Cho ↓NAA = ↑grade)
üGuide stereotactic biopsy
üDDx : · tumor

· necrosis
· edema

üMonitoring follow-up: 
· recurrent tumor vs radiation necrosis

Normal vs Tumor Angle

Reversed Normal Angle

MR Spectroscopy

MR Spectroscopy -GBM fMRI
BOLD: Blood Oxygen Level Depended

Increased Neuronal Activity => Increased Metabolism => Increase Blood Flow
The number of red blood cells carrying oxygen (oxyhaemoglobin) increases in the small 

blood vessels of the brain => increase of the T2* constant
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ü Monitor T2* contrast during cognitive task
e.g. acquire 20-40 slices every 5 seconds

ü Design experiment to have alternating blocks (epochs) of
task and control condition

ü Look for statistically significant signal intensity changes
correlated with task blocks

fMRI Basic Aspects
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ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges
ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges
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ü Detection 

ü Localization 

ü Morphology
• Margins 
• Edema
• Intratumoral cyst
• Necrosis
• Hemorrhage 
• Calcifications 
• Melanin
• Fat
• Pattern of enhancement 

Clinical Challenges
ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges

bo b1000 ADC

High Grade Glioma

Low Grade Glioma

Tumor Grading: Cellularity Tumor Grading: Neovascularity

nBV

T2
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rCBV threshold 1.75

sensitivity specificity PPV NPV
95.0% 57.5% 87.0% 79.3%

Low-Grade Glioma (n  40) High-Grade Glioma (n  120)

Range Mean SD Range Mean SD P Value*
rCBV 0.77–9.84 2.14 1.67 0.96–19.80 5.18 3.29  0.0001

Law et al, AJNR 24:1989–1998, 2003

Tumor Grading: Neovascularity

LGG

HGG

Tumor rCBV derived from DSC Perfusion Studies 

distinguishes two low grade gliomas

Astrocytoma

rCBV : 0.48 – 1.34 

(median:0.92, sd: 0.27)

Oligodendrogliomas

rCBV : 1.29 – 9.24 

(median:3.68, sd: 2.39)

Cha S, AJNR 2005

Tumor Grading



2/10/19

17

Tumor Grading: Histogram Analysis

HGG LGG

nBV

Tumor Grading: Histogram Analysis

LGG

HGG

ADC

Tumor Grading: Metabolic Profile

• Cho/Cr, Cho/NAA increases with tumor grade
• Moderate TE is better than short TE (due to longer Cho T2 of 

tumors)

• mI is typically increased in LG gliomas
• Lipid concentrations  in  short  TE  increase with grade 

and if present at long TE may indicate HG gliomas
• High Cho/Cr ratio and elevated lipid levels are also a 

characteristic of malignant meningiomas and mets
• Peritumoral Cho/Cr ratios are higher in HG tumors 

than mets

Axial FLAIR
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Axial T2 TSE Axial T1 SE

Axial T1 SE post contrast DWI b1000
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ADC

rCBV ratio = 5.7

Leakage Corrected rCBV Map

Cho/NAA Map T1 post contrast

Chemical Shift Imaging

2.3

Single Voxel Spectroscopy Te=30ms
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Single Voxel Spectroscopy Te=135ms

1st Exam

2nd Exam

Tumor Progression

Cho/Cr = 1.31 Cho/Cr = 8.7

Tumor Progression
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ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges Differential  Diagnosis Primary 
from Secondary Tumors

ü Vasogenic peritumoral edema presents with low 
rCBV and low Cho/Cr, Cho/NAA, while malignant 
edema from primary tumors presents with high 
rCBV and Cho/Cr, Cho/NAA due to tumors 
infiltration

ü Metastasis have typical lipid peaks due to necrosis

Metastasis

Primary Glioma

low rCBV in peritumoral edema
vasogenic edema

high  rCBV in peritumoral edema
tumor infiltration
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Metastasis Metastasis

rCBV

Ktrans

Differential  Diagnosis Tumor - mimicking 
lesions

ü gray matter heterotopia

ü brain infarct

ü brain abscess

ü demyelinating diseases ( MS - ADEM ) 

ü vascular lesions - aneurysms

ü hematoma

DWI ADCADC

Meta Abscesses

DWI
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FLAIR

DWI

MRS

Amoebic abscess

T2 DWI

Post-C

ü Detection, Localization, Morphology
ü Characterization – Grading 
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges HG Glioma : DTI – Fractional Anisotropy
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Displacement

Disruption

Invasion

Infiltration

Edema

Disruption

Infiltration
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Infiltration Disruption
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HG Glioma : DTI – Fiber Tracking HG Glioma : DTI – Fiber Tracking - fMRI

HG Glioma : Fiber Tracking - fMRI

ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation

üDd radiation necrosis from tumor recurrence

Clinical Challenges
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DSC-T2* Perfusion guided biopsy planning
DCE-T1 Perfusion (permeability map) guided 

biopsy planning

rCBV

GBM and 
Gliomatosis Cerebri

Biopsy planning in Gliomatosis Cerebri

Τ1-W + Gad

MRSI

Methionine PET
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ü Detection, Localization, Morphology
ü Characterization – Grading – Progression
ü Differential Diagnosis
ü Preoperative Mapping

üSurgical excision planning – margins
üTumor relationship with adjacent structures

ü Radiotherapy Planning
ü Stereotactic Biopsy Guidance
ü Assessment of therapeutic response

üPost chemoradiation therapy evaluation
üDd radiation necrosis from tumor recurrence

Clinical Challenges

ü Perfusion and DWI are providing insights into tumor
behavior that are not available from conventional MRI and
will likely be more important for assessment of tumor
response to therapy

ü T1 DCE Perfusion (Ktrans, Kep) can be used to assess
therapeutic response

ü Whole tumor histograms on ADC and rCBV are essential for
therapeutic response assessment

Assessment of therapeutic response

pretreatment 2months follow up 6 months follow up

T1 contrast

FLAIR

rTBV

Longitudinal Tumor Analysis
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Longitudinal Tumor Analysis Longitudinal Tumor Analysis

Medulloblastoma
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ü Differentiation of radiation necrosis from recurrent
disease may be based on low rCBV and absence of NAA
and Cho peaks found on perfusion and MRS

ü Low ADC indicates tumor recurrence while high ADC is
present in radiation necrosis

ü The significant reduction of FA with loss of color in
diffusion directional maps is indicative of tumor
recurrence

Assessment of therapeutic response

FLAIR

POST GD T1W
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DWI b=1000

ADC Maps

CBV
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rCBV ratio> 1.75
Ktrans > 0.08 min-1

Relapse of GBM (FTB) 53.8% of 68.87 cm3

CHO

CHO

LAC

LIPIDS

NAA

NAA

Shah R et al. Radiographics 2012;32:1343-1359

DWI b1000 ADC

GB Recurrence Radiation necrosis. 

Shah R et al. Radiographics 2012;32:1343-1359

DWI b1000 ADC

Radiation Necrosis
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©2012 by Radiological Society of North America

Radiation Necrosis Differential 
Diagnosis 
Algorithm

Al-Okaili RN et al, 
Radiology 2007

ADC: x10-3 mm2/s 
rCBV: ml/100 g

49 years old female patient 

Fibrillary Astrocytoma Grade II of the right 
frontal lobe with focal motion seizures of 

the left hand 

FLAIR T2-W

3D T1-W 
pre-Gad

3D T1-W 
post-Gad
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DWI ADC

Perfusion 
DSC

Normalized 
rCBV = 0,68 – 1,03 

Perfusion DSC 

Time-Intensity 
Curve [TIC]

Perfusion DSC 

Time-Intensity 
Curve [TIC]
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Spectroscopy

EPOS,  
ECR 2014 

MULTIMODAL APPROACH

ADVANCES / PERSPECTIVES of

ADVANCED MRI
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Diffusion Kurtosis

Intravoxel Incoherent Motion (IVIM)

GBM

LGG

ΜR Spectroscopy LC model Analysis
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DTI/DSI – Fiber Tracking Conclusions

Clinical Challenges Conv MRI DWI DTI Perfusion MRS fMRI
Detection, Localization, 
Morphology

++ ++ - - - -

Characterization – Grading - +++ +++ +++ +++ -
Differential Diagnosis - +++ - +++ +++ -
Preoperative Mapping + - +++ +++ ++ +++
Radiotherapy Planning - - +++ +++ +++ -
Stereotactic Biopsy Guidance - - - +++ +++ +++
Assessment of therapeutic 
response

- +++ - +++ ++ -

MRI : Imaging modality of choice

Thank you very much for your attention !!!


