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How can we improve imaging evaluation of 

pediatric TBI?

ÅImprove detection of hemorrhage

ÅImprove detection of injury in ónormal-

appearingô brain parenchyma

ÅImprove ability to measure white matter 

injury in fiber tracts, explain neurocognitive 

deficits

ÅUltimately improve ability to predict patient 

outcome and affect patient management 



Advanced neuroimaging techniques in 

evaluating pediatric TBI

ÅSWI ïsusceptibility weighted imaging

ÅMRS ïmagnetic resonance spectroscopy

ÅDTI ïdiffusion tensor imaging

ÅfMRI ïfunctional MRI

ÅPET ïpositron emission tomographyé



Susceptibility Weighted Imaging (SWI)

ÅVarious techniques called 
ñSWIò

ÅReichenbach JR, 
Venkatesan R, Schillinger 
DJ, Kido DK, Haacke EM. 
Small vessels in the 
human brain: MR 
venography with 
deoxyhemoglobin as an 
intrinsic contrast agent. 
Radiology. 1997 
Jul;204(1):272-7.

ÅVariations available on 
several commercial MRI 
scanners



Pediatric TBI ïNot just little adults

ÅSedation issues

ÅTransport

ÅMonitoring

ÅCoil modifications

ÅSequence modifications

ÅAccidental vs Non-accidental trauma



Susceptibility-Weighted Imaging

ÅHigh resolution 3D modification 
of conventional T2* sequence 
(see Reichenbach et al for 
parameters) utilizing both 
phase and magnitude 
information, and with special 
postprocessing

ÅAccentuates magnetic 
susceptibility effects of 
paramagnetic or diamagnetic 
substances such as 
hemorrhage, iron, calcium

ÅIs a new technique for detecting 
brain pathology involving 
venous structures, presence of 
blood products, iron deposition, 
altered vascular oxygen status

ÅApplications:

ÅTrauma

ÅNeoplasm

ÅVascular malformations

ÅCerebrovascular dz

ÅCoagulopathy

ÅHypoxia, ischemia

ÅIron deposition dz



Principles of SWI

ÅMagnetic susceptibility (x) = magnetic response of a 

substance when placed in a magnetic field

ÅEach tissue/substance behaves differently in field

ÅDiamagnetic (x < 0): calcium

ÅParamagnetic (x > 0): iron-based tissues

ÅTissue/substance with magnetic susceptibility will distort 

the local magnetic field, resulting in local phase 

differences

ÅPhase images (are usually ignored) contain information 

about microscopic (e.g. iron deposits) and macroscopic 

(e.g. air/tissue interface effects) magnetic fields



Principles of SWI

ÅIn 1845, Michael Faraday (discoverer of electromagnetic 
induction) studied magnetic properties of dried blood.

ÅIn 1936, Linus Pauling described magnetism of hemoglobin:  
magnetic susceptibility of oxygenated arterial blood differs 
as much as 20% from deoxygenated venous blood.

ÅVenous blood is partially deoxygenated - paramagnetic.

ÅDifference in magnetic susceptibility between venous blood 
and either arteries or parenchyma ïis basis of functional 
BOLD MRI (fMRI). 

ÅThe SWI technique exploits these susceptibility differences 
to make deoxygenated blood (venous blood or certain types 
of blood product) visible.



SWI uses three types of images:

Phase

Image

Magnitude

Image

Final SWI image



Increasing degrees of filtering 

Step 1: High pass filter to reduce low spatial 

frequency (macroscopic) background field changes



phase

phase mask

Step 2: Create a phase mask

ÅCreate mask by 

suppressing pixels 

with certain phase 

values

ÅEnhances phase 

differences in selected 

tissues



ÅEnhances contrast in original magnitude image

ÅParamagnetic structures become variably hypointense in signal. All 

other tissue becomes various degrees of ñgrayò.

Step 3: Phase mask and Magnitude images 

multiplied together  to create Final SWI image



Step 4: Create minimum intensity 

projection (mIP) over multiple slices

ÅOriginal slice is 2 mm

ÅUsually collapse at 

least 4 slices 

together 

ÅCan collapse more to 

improve visualization 

of venous anatomy 



SWI and TBI

SWI detects 

hemorrhage:

ÅParenchymal

ÅIntraventricular

ÅSubarachnoid



Diffuse Axonal Injury

ÅIn the pathology literature, the majority of DAI lesions are 
reportedly non-hemorrhagic.

ÅPure axonal injury is difficult to detect, although 
promising results with diffusion tensor imagingé

ÅHemorrhagic DAI lesions are thought to be petechial 
injuries from vascular injury due to extravasation of blood 
from small adventitial vessels contiguous to areas of 
DAI.

ÅTraditionally, small hemorrhages on imaging have been 
presumptive markers of DAI, although sensitivity has 
been poor, particularly using CT. In early MRI studies, 
only about 20% of lesions were reported to be 
hemorrhagic 



Greatest number of hemorrhagic DAI 

lesions on SWI are small, < 10mm2
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Number of hemorrhagic DAI lesions 

correlates with outcome
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Injuries at Gray-White Matter Junction

2D GRE 3D SWI

MVA

NAT



Deep Shearing Injuries

2D GRE 3D SWI

Corpus
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Midbrain



Peripheral Brain Injuries

GRE SWI

2D GRE 3D SWI

Contusion,

IVH

tSAH


