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Combining methods for complete evaluation
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Topics of Discussion

� Routine 2D and 3D images - Morphologic/Morphometric Imaging

� MRA – Large vessel assessment

� Diffusion – Evaluating the degree of molecular freedom

� DTI – Evaluating white matter tracts

� Perfusion – Evaluating the flow and volume variations of blood

� Spectroscopy – Metabolic ratio evaluation

� fMRI – Evaluating brain activation regions (BOLD)
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Morphologic/Morphometric Images (2D and 3D)

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 6

Discussion

� Morphologic/Morphometric Imaging

� Provides comparative structural information which c an also be 
used for localization

� Various weightings provide information on tissue ch aracteristics

� Provides a framework on which to place advanced res ults.
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Diffusion Imaging
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Diffusion Theory - Random (Brownian) Motion

� The term diffusion refers to the random (Brownian) motion of molecules
� Free diffusion is isotropic meaning the molecules move randomly without 

restrictions. (e.g. a molecule in a glass of pure water)
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White matter tracts

Fiber tracts

Protein molecules

Myelin Sheaths

Cell Membranes

Restricted Diffusion – Anisotropic Diffusion
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Minimally Restricted Diffusion
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Diffusion EPI Sequence

� Stejskal/Tanner Diffusion prep. employs gradients with equal 
amplitude, high enough to be sensitive to microscopic motion, but 
opposite polarity.

� The duration of these gradients defines the b-value

RF
90 180

Gss

Gp
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SHS

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 12

� Describe the structure of a room.

Diffusion EPI Sequence

10 Seconds 10 Minutes

X X
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Diffusion Imaging Theory

Free Restricted

RF 1RF 1
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Diffusion Imaging Theory

Free Restricted

RF 2RF 2

� Spins which have moved will display a net dephasing (low signal)
� Stationary spins are dephased and rephased equally (high signal)
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Diffusion Question 1

Old Stroke
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Unrestricted Motion – Isotropic Brownian Motion

White matter tractsFiber tracts

Protein molecules

Myelin Sheaths

Cell Membranes
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Diffusion Question 2
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Strongly Restricted Motion – (e.g. Cytotoxic Edema)

Macromolecules
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Basic Diffusion Maps

� Basic diffusion maps can be 
acquired to evaluate anisotropy 
in a specific direction.

RF 90 180

Gss

Gp

Gr SHS
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Orthogonal Diffusion

� Orthogonal diffusion imaging acquires data in three  primary 
encoding directions

� Results can be strongly influenced by anisotropy

� Data from each direction must be analyzed

� b0 � B1000 
Slice

� B1000 
Read

� B1000 
Phase
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Trace Diffusion

� Summation of at least 3 diffusion Directions
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Trace Diffusion

� Averaging of 3 diffusion Directions

� b0 � B1000 
Trace
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Apparent Diffusion Coefficient (ADC)

� Apparent Diffusion Coefficient (ADC) Theory

� Used to differentiate T2 shine through effects

� Displays pure diffusion

� Pixel intensity represents the Apparent Diffusion Coefficient 
(ADC) in mm2/s multiplied by 10,000

� (ADC pixel intensity for pure water = 220 = 2.20 x 10-3 mm2/s)

( )zzyyxx DDDADC ++=
3
1
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Apparent Diffusion Coefficient (ADC)



5

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 25

Advanced Diffusion Techniques
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Diffusion Tensor imaging (DTI or MDDW)

� Diffusion Tensor Imaging Theory

� Provides a 3-dimensional description of diffusion

� Requires the calculation of a tensor (a b0 and 6 combinations 
of gradient pairs)

� Displays the direction and magnitude of anisotropic diffusion

� Preferential diffusion direction infers white matter tract structure
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What is a Tensor?
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A diffusion tensor providing
Information about many directions

� Symmetric positive definite 3 ×3 matrix that describes the 3-
dimensional shape of diffusion.

Diffusion in 3 directions

diffusion
ellipsoid

D = Dxx Dyy Dzz
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What is a Tensor?
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New co-ordinate

system

� Eigen values provide directional information for a particular voxel

Diffusion D in 
Acquisition Coordinates e1,e2,e3
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Frequently used Diffusion Maps

� Measures of the degree of diffusivity

� ADC (Average Diffusion Coefficient)

� TraceW (Trace-Weighted Map)

� Measures of the degree of Anisotropy

� FA (Fractional Anisotropy)

� Colorized Anisotropy Maps

� Measure of the degree of Anisotropy

� Most prominent diffusion direction defines the color

� Tensor Glyphs

� Depicting the voxel by voxel direction and velocity
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Measures of Anisotropy – Fractional Anisotropy Map
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� Colors represent the preferential direction of anisotropy
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Linear

Additional Diffusion Maps

� Exponential

� Relative Anisotropy

� VR

� Linear

� Planar

� Spherical

� E1, E2, and E3

� E1-E3, E1-E2, and E2-E3

� Tensor Graphic

1 2

1 2 3
l

e e
c

e e e
-

=
+ +

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 32

H 

H

O

Restricted Motion - Anisotropic

H 

H

O

E1

E2

E3

W
hite M

atter T
ract

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 33

Tractography

� White matter tracts 
are inferred by the 
diffusive motion.

� Tractography 
connects the voxels
in the preferred 
direction.

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 34
MAGNETOM Trio. Courtesy of Dr. Dai, Tiantan Hospital, Beijing, China.

DTI Examples (Meningioma)
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MAGNETOM Trio. Courtesy of Dr. Dai, Tiantan Hospital, Beijing, China.

DTI Examples (Meningioma)
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MAGNETOM Trio. Courtesy of Dr. Dai, Tiantan Hospital, Beijing, China.

DTI Examples (Glioma)
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DTI Examples (Glioma)
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MAGNETOM Trio. Courtesy of Dr. Dai, Tiantan Hospital, Beijing, China.

DTI Examples (Metastasis)
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MAGNETOM Trio. Courtesy of Dr. Dai, Tiantan Hospital, Beijing, China.

DTI Examples (Metastasis)
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 47

Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Diffusion Tensor Task Card
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Summary and Discussion

� Diffusion techniques provide a way to analyze the freedom of 
microscopic molecular motion within the tissue

� Basic diffusion images (orthogonal, trace) display the strength of 
diffusion but provide limited information regarding direction

� Apparent Diffusion Coefficient maps remove the T2 component (shine-
through) leaving only pure diffusion

� Multi-direction-diffusion-weighted imaging encodes the data in 
directions beyond slice, read, and phase to provide a greater 
understanding of the preferential direction of diffusion

� Diffusion Tensor Imaging (DTI) calculates the tensor of MDDW data to 
display the three dimensional direction and velocity of diffusion

� Diffusion Tractography reconstructs the inferred barriers (white matter 
tracts) encountered by molecules from the 3D tensor data. 
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fMRI and BOLD
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� fMRI

� Functional MRI is a general term describing the stu dy of the 
function of specific neural regions or activities i nstead of structure

� BOLD

� Blood Oxygen Level Dependence imaging describes the  imaging of 
the effects of variations in blood-oxygen concentra tion and is the 
method by which fMRI data is acquired

fMRI and BOLD
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Why BOLD?

� Assess the risks vs. the benefits of surgery

� Provide pre-surgical roadmap to plan the surgical a pproach

� Provide clinical mapping of critical areas for intr a-operative 
guidance

� Minimize functional deficit after surgery

� Maximize lesion resection

� Post-surgical assessment
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MRI
-1971: MRI Tumor detection (Damadian)
-1973: Lauterbur suggests NMR could be used to form images
-1977: clinical MRI scanner patented
-1977: Mansfield proposes echo-planar imaging to acquire images faster
fMRI
-1990: Ogawa observes BOLD effect with T2* 
-1991: Belliveau observes first functional images using a contrast agent
-1992: Ogawa et al. and Kwong et al. publish first functional images 

The history of fMRI
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Magnetic Susceptibility

Magnetic susceptibility is defined as the measure o f the degree to 
which a material will become magnetized when placed  within 
the vicinity of a magnetic field.

� MRI systems are designed to have a homogenous magnetic field

� When you add an object the field becomes non-uniform

� This non-uniformity is due to magnetic susceptibility

� Spins become dephased before a signal can be measured (fast T2*)

� Signal loss and distortions may occur

� Small scale susceptibility artifacts occur between air and tissue

� Large disturbances (10+cm) in the field are evened out by shimming
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Magnetic Susceptibility

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 58

What is Hemoglobin (Hgb)?

� A component of red blood cells which attracts and p icks up 
oxygen in the lungs and carries it to the body

� It contains iron molecules which attract and hold t he oxygen 
molecule

� When hemoglobin is not carrying oxygen (deoxyhemogl obin) the 
iron molecule is unshielded and has a positive net magnetic 
susceptibility (paramagnetic)

� When oxygen is present (oxyhemoglobin) the iron mol ecule is 
shielded and has a minimal net magnetic susceptibil ity 
(diamagnetic)
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� Four  globin chains

� Each globin chain contains a heme group

� At the center of each heme group is an iron atom (Fe )

� Each heme group can attach an oxygen atom (O 2)

� Oxyhemoglobin (four O 2) is diamagnetic 

� Deoxyhemoglobin is paramagnetic

Hemoglobin (Hgb)
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What is Hemoglobin?

Fe

� 1

Magnetic Susceptibility ( ���� ) =  

� Looking at it another way

Signal to noise ( SNR) =  
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What is Hemoglobin?

Fe

� 1

Magnetic Susceptibility ( ���� ) =  

� Looking at it another way

O
2

O
2

Signal to noise ( SNR) =  
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Something to think about.

� Why do we use a Flash sequence with a high TE when we are 
looking for residual blood product (hemosiderin) in  the brain?
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Something to think about

� What is susceptibility weighted imaging?
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Oxygen Utilization

� Active neurons consume 
oxygen from the red 
blood cells in the 
capillaries of the local 
environment

� This leads to a small, 
short-term reduction in 
localized oxygen 
concentration.
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Oxygen Utilization

� Surrounding capillaries 
are signaled to provide a 
surplus of oxygenated 
blood 

� This leads to a higher 
concentration of 
oxygenated blood in the 
local capillaries

� Localized signal to noise 
will increase
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How does an fMRI exam work?

� Essentially, take an image while the patient is res ting then take 
an image while the patient is performing a certain activity and 
then subtract the images

Rest Active Subtract
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� Patients participate in an exercise (paradigm) desi gned to 

increase neuronal activity in a specific area

� Pulse sequences sensitive to minute signal changes are acquired 

during the exercise

� Resulting data is analysed to show only areas of si gnal change 

related to the exercise

� Data is combined with anatomic images for spatial l ocalization

What is an fMRI exam?
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What is a Paradigm?

� A paradigm is an exercise carried out by the patien t or sequence
of events designed to increase neuronal activity in  a specific area 
or region of the brain

� These “tasks” or “events” are followed by a period of  rest

� The paradigm is repeated in order to increase the B OLD signal 
similar to using averages

Paradigm Active Active ActiveRest Rest

Hemodynamic 
response ( � SI)
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Examples of different Paradigms

� Motor – Finger tapping

� Sensory – Acoustic, Visual

� Cognitive – Patient learns a cognitive task
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Examples of an fMRI study of Broca’s area

Rhyming Word Generation
Courtesy Dr. David Dr. David LefkowitzLefkowitz, Dr. Adam Gray, , Dr. Adam Gray, NeuroradiologyNeuroradiology UMMCUMMC
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Examples of an fMRI study of Broca’s area

Courtesy Dr. David Dr. David LefkowitzLefkowitz, Dr. Adam Gray, , Dr. Adam Gray, NeuroradiologyNeuroradiology UMMCUMMC

Visual Cortex Activation

Field map
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Exam Protocol Options – Which one should you use?

� Protocol options for 
customers without the 3D 
Neuro card.

� T1 SE axial acquisition used 
for anatomic reference 
images.
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Exam Protocol Options – Which one should you use?

� Protocol options for 
customers with the 3D 
Neuro card.

� Incorporates a 3D MPRage 
for anatomic reference data.
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Exam Protocol Options – Which one should you use?

� License free protocol 
options.

� Basic EPI acquisition for off-
line analysis
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Exam Protocol Options – Which one should you use?
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Morphologic/Morphometric Images (2D and 3D)
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Gradient Field Map

� Acquire the field map with the 
same number and in the same 
position as the slices to be 
used for the BOLD acquisition.
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Gradient Field Map

� Measures the main magnetic field (B0 field) and displays local 
distortion and signal nulling of the images due to the EPI 
measurement technique.

� Areas where functional information is superimposed upon anatomic
data should be checked against the field map since the spatial 
overlay cannot be guaranteed.

Courtesy Dr. David Dr. David LefkowitzLefkowitz, Dr. Adam Gray, , Dr. Adam Gray, NeuroradiologyNeuroradiology UMMCUMMC
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Gradient Field Map

Copyright © 2006 Siemens Medical Solutions USA, Inc.  All rights reserved.Page 80

The BOLD Protocol Tab
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Baseline | Active

The BOLD Protocol Tab
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T-Test (Old)  vs.  GLM (New)

� T-Test (Linear Correlation): ONE model-function used to describe data 
between two states (e.g. rest – active)

� General Linear Model : Many model function includes several different 
statistical methods to enable detailed evaluations of the measurement 
data including but not limited to a T-Test.

� GLM results are optimized through various models.

� Some parameters model aspects which are of interest .

� Some parameters model aspects which contain unwanted effects.
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What can the GLM statistics model?

1. The basic model of the paradigm

2. The ignore transitions if needed

3. The variation in transitional states

4. Baseline pixel intensities

5. Compensation for temporal acquisition differences

6. Filters for noise and drift
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The Design Matrix

� The design matrix provides a visual representation of the GLM 
model and describes the various parametric components used in 
the evaluation.
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Baseline | Active

The BOLD Protocol Tab
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Dynamic T-Maps

� Dynamic t- maps 

� Permits real-time operation of 3D Neuro task card

� A Start FMRI series is created

� Generates and stores t-cards during scan

� Updates 3D Neuro task card during the acquisition
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The BOLD Protocol Tab

� Number of initial scans excluded 
from the evaluation

� Contrast has stabilized and 
tissues have reached a steady 
state.
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Baseline | Active

The BOLD Protocol Tab
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Ignore after transition

� The number of acquisitions to be ignored after a transition     
(e.g. passive to active)

� Corresponds to the “ignore” from the paradigm definition

� If used (i.e. >0), transition states can no longer be modelled and the 
HRF is no longer used.
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Baseline | Active

The BOLD Protocol Tab
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The Hemodynamic Response

Initial dip in local O 2 

concentration signals
capillaries in the area

Incidentally, after the
stimulus has been removed
continued O 2 consumption
leads to a post response 
undershoot

stimulus
(e.g. finger tapping)

Capillaries in the area supply
a surplus of oxygenated blood
Leading to an increased SNR and 
a positive BOLD response
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Modeling Transition States

� Transitions between active and rest periods can be included in 
the evaluation through modelling. 

� Provides the data of the entire measurement sequenc e for the 
purpose of evaluation.  (It’s similar retro-gating)

� Modelling prevents incorrect interpretation of the experimental 
responses.
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Modeling Transition States

Paradigm Active Active ActiveRest Rest

Hemodynamic 
response ( � SI)

� The T-Test required the incorporation of ignore measurements so 
data acquired before the peak of signal change would not 
compromise the results 

Ignore
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Modeling Transition States

Paradigm Active Active ActiveRest Rest

Hemodynamic 
response ( � SI)

� The Hemodynamic response function is used to model the 
transition time between the low signal rest period and the high 
signal active period

HRF Model
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The Design Matrix

� The data which is convoluted with the HRF and demonstrates the 
transitional states.
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Baseline | Active

The BOLD Protocol Tab
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The Design Matrix

� A high-pass filter is incorporated to compensate for sinusoidal 
signal fluctuations (slow, low-frequency drifts).  

� These drift may be physiologic or system related in origin.
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Baseline | Active

The BOLD Protocol Tab

� Threshold 

� Sets a threshold for data 
acceptance.

� Pixels below this set value are 
excluded in t-test evaluation
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Baseline | Active

The BOLD Protocol Tab
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The Design Matrix

� The basic paradigm in this case is the active and rest portions of 
the exercise.
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The Design Matrix

� Column 1 displays all the data used for the measurement.
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The Design Matrix

� The constant off-set provides a value for each voxel describing a 
median or baseline signal intensity
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The Design Matrix

� Since slices within a group are not acquired simultaneously the 
temporal derivative (also called derivation pattern of activation) 
models the difference in the time between acquired slices.
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Baseline | Active

The BOLD Protocol Tab
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Motion Correction

� Correction performed during calculation of images

� Small patient movements (0.3 mm) may cause significant 
artifacts  

� 3D motion correction can reduce relative motion (translation and
rotation) between measured volume data sets  
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Baseline | Active

The BOLD Protocol Tab
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Interpolation

� Interpolation: Interpolation method for motion correction

� Linear: Line by Line Motion Correction, fastest method of 
real-time post-processing

� 3D-K-space: Interpolation in Fourier space for Motion 
Correction Best quality method of real-time post-processing
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Baseline | Active

The BOLD Protocol Tab
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Spatial Filter

� Spatial Filter: Low-pass filter for softening images.  Increases 
signal-to-noise ratio, reduces spatial resolution and overwrites 
original images.

� Filter Setting: Defines strength of Gaussian filter.  Lower the 
number, stronger filter and blurrier images.  

(i.e. Must have Motion correction selected)

No Filter Weak 2.0 Medium 1.0 Strong 0.5
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Baseline | Active

The BOLD Protocol Tab
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Others

� Measurements

� Number of times the slice group will be sampled  
(i.e. Averages)

� Delay in TR
� Time between two or more consecutive scans  

(i.e. Only one delay time can be set for all scans)

� Multiple series
� How the data is sorted
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The acquisition

� Changes in the 
paradigm will be 
displayed in the 
lower left corner 
during the 
acquisition.
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The acquisition

� The standard protocols include a paradigm of 20 wit h 10 baseline
and 10 active.

� The easiest paradigm to demonstrate and the paradig m 
recommended for training is a bilateral finger tapp ing exercise.
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The acquisition

� Begin the exercise with the right hand.

� After 10 measurements switch to the left hand.

� Continue back and forth until the entire acquisitio n is complete.

� Watch the counter in the lower left corner for para digm changes.
(e.g.  11/60B 00:03 to 21/60A 00:03)

Baseline (or Right hand)

Active (or Left hand)
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Acquisition Results

� A mosaic contains all the 
slices for a particular 
measurement.

� Mosaics minimize storage 
space since BOLD 
measurements include 
thousands of images
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Types of Post-Processing software

� Stimulate

� SPM

� FSL

� Brain Voyager

� AFNI

� MedX

� Home-grown 

� The 3D Neuro Task Card
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Conclusion                           (Code #123)
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