MRI:

How It revolutionized Radiology
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The Origin of Radiology

Wilhelm Roentgen ¢ KS T ANA Urayil89 R A

First Nobel Prize winner in 1903 Using a cathode ray tube



Comparison of-xay and MRI




Differences between-ray and MR

A X-ray image is a projection thru the whole body,
MRI Image Is a slice

A X-ray depends on relative penetration of
radiation, while MRI depends on the properties
of the water within the tissue (dense tissues are
usually bright, watepoor regions are dark).

A X-ray shows poor tissue discrimination while MRI
shows excellensoft tissue discrimination

A X-ray has poor resolution, MRI has fine resolution



Computerized Tomography (CT)

Sir Godfrey Hounsfield
With first EMI machine A CT scan
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Nobel Prize in 1973



Picture of a modern CT Scanner




The Introduction of MRI

Paul Lauterbur

Nobel laureate 2003

A PaulLauterburwon the
Nobel Prize for Physiology or
Medicine in 2003 for the
Invention of MRI

A He died in 2007 aged 78

A His academic career started
In StoneyBrook, NY, and
ended as Lab Director at
Univ. of lllinois

A First paper on MRI published
In 1973



Advantages of MRI

A MRI uses magnetic fields and radiequency
radiation, which are safe I.e. naanizing

A MRI observes the distribution of water within the
body (no additional substances are needed)

A MRI allows discrimination (contrast) between soft
tissues in the body

A MRI images can be obtained with high resolution
A MRI images can be taken in any direction

A MRI is a dynamic method allowing monitoring of
changes with time, such as blood flow




Picture of a Modern MRI scanner




The Basis of Nuclear Magnetic Resonanc
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How MRI works

A In a strongnagneticfield the nuclei (protons)
of the hydrogensof water orient in the
direction of the applied magnetic field

A When a specific RF is applied these protons
exhibit aresonancecondition that is detected
as a signal

A When a magnetic fieldradientis added the
frequency of the signal can be translated as
distance producing amage



Resonance

Music IS based on resonance

1st thru 5th harmonics of a vibrating string

The resonance frequenc @

Is that which equals the
natural frequency of the
string or column of air.




An example of resonance
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The Tacoma NarrovwBridge, long and
narrow, exhibitsesonancebefore it
collapses in 1940




Effect of linear gradient




First MR Image (1973)

Lauterburused two capillaries filled with water

With a magnetic gradient two signhals were seen



Schematic of MRI Machine

Probe with
coils inside
magnet Computer

Superconducting

Magnet Console with
RF transmitters
and receiver



Diagram of field gradient in MRI
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Function of Gradients

A Magnetic field gradients in three directions
allow thespatial encoding of frequency

AMRI allows the viewing of any plane
through any part of the body

A Combinations of slices can give-d 3
picture

A The switching on and off of the gradients
causes the loud sounds heard in the MRI



MRI scans of the head

The observation of lesions within the brain aids diagnosis




Issues In MR

A Thecontrastbetween different soft tissues
depends on the properties of the water in the
tissues.

A Usually this depends not so much on the amount
of water as on theelaxation timeof the water In
the specific tissue.

A Therelaxation time is the rate at which the
nuclear spins lose energy to their surroundings.

A Superconducting magnetse used because of
their great stabllity, reduced heating and higher
magnetic fields.



Superconducting magnets

A A superconducting magnet consists of two
dewars an outer one containing liquid
nitrogen €70°C) and an inner one containing
liquid helium €270°C) in which a coll of a
metal alloy €g. NSn Is suspended.

A Liguid He is very expensive

A Superconducting substances conduct
electricity without resistance giving a high
magnetic field strength, e.g. 1 Tesla



Magnet Safety

A Because of the high magnetic field strength it
IS dangerous to bring metal objects close to
the magnet.

A Accidents do happen

A This has led to the
development of non
ferro-magnetic(TI)
Instruments




Other forms of MRI

Interventional MRI
For scared and fat people For surgery with MRI monitoring



Research MRI Machine

Animal research MRI machine in my lab at NIH




What is PET Scanning?

A PET scanning is based on an entirely different
concept than Xay and MRI

A It is based on the fact that specific radioactive
nuclel such as 19F emipasitron, which
disintegrates upon hitting an electron, thus
producing a pair of light gamma ray particles that
go Inoppositedirections.

A These particles are detected in a circular
scintillator ring, but onlyoincident pairare
registered and reveal the spatial location of the
original nucleus




Schematic of PET Function

Coincidence
Processing Unit

Sinogram/
Listmode Data

Annihilation Image Reconstruction



A PET scanner




Concept of Functional Imaging

A Functional imaging is both spatial and
provides information on the function of the
molecules within the body

A For example, 19fbelled glucose (which
must be synthesized for each application) is
Injected into the blood and enters the brain
where it continues to degrade

A Using PET the location of glucose is observed
and 1ts metabolism can be followed In time.



Example of PET Imaging

The intense red areas
are regions of glucose
localization

The decay In the intensi
can provide information
on the regionametab-
olismof glucose In the
brain




Comparison of PET and MRI

A PET uses radioactive isotopes, MRI does not

A PET is functional, but MRI can also be used ir
a functional way since it is a tirteependent
method

A PET can only be used in axial configuration,
while MRI can be used in any dimension

A MRI has greater resolution and far wider
range of applications



Functional MR

fMRI scan thru the head /ﬁﬂ\

during a repetitive braln
function. Highlighted
areas are regions of
Intense brain activity
allowing brain mapping




Flow Applications of MRI

Kidney function MR angiography




MRI Contrast Agent

W

The use of paramagnetic With contrast agent the stroke
substances such &dDTPA is clearly revealed (break of the
allows contrast in MR images blood brain barrier)



MRI and Cancer

MRI | i ncer ' :
S suited to cancer detection  » ooe of cervical cancer

A MRI is ideally suited to detect
cancer because the cancer
cells differ from the
surrounding normal cells.

A The major difference is that
the cancer cells are larger and
unspecialized and therefore
the water in the cells behaves
differently, allowing contrast
between the tumor and the
surrounding tissue (Damadian)




Other Applications of MRI

A MRI can see inside the bones,
So it is very useful to detect
bone cancer or bone marrow
disorders

A MRI allows the detection of
plaques in the brain causing
Multiple Sclerosis. This doe
not lead to cures, but allows
more accurate diagnosis.

A MRI is excellent for
monitoring the effects of
therapy over time from
changes in tumor
characteristics and volumes

Myelin plaques in cerebral sphere



Whole body MRI scan

The advent of many kinds of

MRI machines and the abllity

to see in detall within all parts

of the body as well as the reaime
monitoring of surgery by MRI and
the potential use of focused US In
combination with MRI bring us to
the era of space age medicine




