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MRI 
Recap

What is MRI?

• In MRI, we are mostly concerned with the hydrogen nucleus,
the singly positively charged proton

• Other nuclei can be used, but this is mostly in research
applications (e.g., 3He, 17O, 23Na, 31P)

• The protons interact with externally applied magnetic fields
and radiofrequency pulses
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Nuclear Spin in an External Magnetic Field

 Within a large external 
magnetic field (called 
B0), nuclear spins align 
with the external field. 

 Some of the spins align 
with the field (parallel) 
and some align against
the field (anti-parallel)

© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org

w0  B0

Joseph Larmor
Irish physicist

Born in July 1857
in Magheragall, County Antrim

Died 1942
(4 years before the discovery of NMR)Frequency = 42.6 x magnetic field

(MHz) (T)

© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org

Precession Frequency: Larmor Equation

90o RF pulse

© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org
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T1w and T2w images of the prostate

Rundo et al - Automated Prostate Gland Segmentation - Information 8 49 2017

Diffusion 
Weighted 
Imaging

Diffusion

 www.dictionary.com:
• an intermingling of molecules, ions, etc...,

resulting from random thermal agitation, as in
the dispersion of a vapour in air

 This random motion sometimes called 
“Brownian Motion”

 MR signals are sensitive to these random molecular 
motions

• DIFFUSION WEIGHTED IMAGING!

Diffusion Weighted Imaging

 DWI focuses on the random micro-movements of water 
molecules inside voxels

 These motions encounter different obstacles in the body 
(cell membranes, proteins, macromolecules, fibres, ...)

 Obstacles vary according to the tissues and certain 
pathological modifications (intracellular oedema, abscess, 
tumours...)

 Essentially, extracellular water is the main object of 
exploration in DWI

 Diffusion data provides indirect information about the 
structure surrounding these water molecules

http://www.imaios.com/en/e-Courses/e-MRI/Diffusion-Tensor-Imaging
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 We can control the amount of diffusion weighting by 

varying parameters of the gradient pulses
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δ
ΔδGγb 222

 The stronger the gradients, the longer they are applied and
the more spread out in time, the greater the b-value

Why do these gradients cause diffusion 
sensitivity?

 Remember these gradients have equal and opposite 
effects!

 If protons are stationary they will experience equal and 
opposite effects
• NO NET EFFECT ON SIGNAL

 If the protons have changed location during the time 
between the two gradient lobes they will experience 
unequal effects.

 The second gradient lobe cannot undo the effects of 
the first because the protons have moved
• DECREASE IN  SIGNAL

ADC map
b=0 b=500 b=1000

DbeS(0)S(b) 

S(b)

S(0)

b0 500 1000

This is done for 
every pixel

ADC 
map
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Just a little more complex!
 Diffusion can occur in any direction so we must acquire DW images in at

least 3 directions
• i.e., apply our equal and opposite diffusion gradients in 3 directions

 The geometric mean is taken to yield an “iso-directional” image,
sometimes called the trace image.

 Done automatically on scanners

 Can sometimes ask for these directional DW images on the MR operator
console

3 × ×

phase freq slicetrace

=

http://en.wikipedia.org/wiki/The_2nd_Law

Choi et al - Functional Imaging of Prostate Cancer - Radiographics 27 63-77 2007

Dynamic Contrast 
Enhanced

MRI 
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Gadolinium Chelates

 Gadolinium has 7 
unpaired electrons

 Strongly paramagnetic

 Toxic in elemental state

 Chelated to a ligand to 
eliminate/reduce 
toxicity

Ground state 
electron 
configuration:

[Xe].4f7.5d1.6s2

90o RF pulse

© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org

Contrast Agent shortens T1

 T1 relaxation happens 
more quickly

 Mz recovers faster

 See effect on T1w 
images:

• Shortens T1, tissue bright

Mz

t

Pre-contrast

Post-contrast

TR

Dynamic Contrast Enhanced MRI - Prostate

 Multiple images taken in time series

 3D T1w fast spoiled gradient echo
 High sensitivity to T1 changes
 Rapid data acquisition (~10s)
 High SNR
 Images taken out to 5 minutes
 Low resolution

 i.v. injection of GBCA
 Antecubital vein
 2-4 ml/s
 20 ml saline flush

http://upload.wikimedia.org/wikipedia/commons/b/b1/Electron_shell_064_Gadolinium.svg


7

Why is DCE-MRI 
data useful?

Verma et al - Overview of DCE-MRI in prostate cancer diagnosis and management - AJR 198 1277-88 2012

TYPE 1
TYPE 2

TYPE 3

 Same as other organs, cancer 
shows earlier and more 
pronounced enhancement on 
DCE-MRI

 Aggressive tumours have the 
ability to initiate an angiogenic 
“switch” that upregulates 
molecular pathways leading to 
tumour angiogenesis

 Number of vessels increase
 Newer vessels have higher 

permeability (more leaky)
 Analysis of the dynamic 

enhancement curves
 Malignant lesions show earlier 

and faster enhancement and 
earlier contrast agent washout 
compared healthy prostate tissue

Prostate DCE-MRI

Verma et al - Overview of DCE-MRI in prostate cancer diagnosis and management - AJR 198 1277-88 2012

Fig. 3—52-year-old man with prostate cancer of central
gland, Gleason score 7 (4 + 3) and prostate-specific
antigen level of 19.3 ng/mL who underwent negative
transrectal ultrasound prostate biopsy. Endorectal MRI
was performed at 3 T for tumor detection. Axial
diffusion-weighted image was markedly distorted and
nondiagnostic because patient had bilateral hip
replacements.
A, Axial T2-weighted image shows ill-defined
homogeneous low-signal-intensity mass like region in
left central gland (arrow).
B, Sagittal T2-weighted image shows homogeneous
low-signal-intensity mass far anteriorly in central gland
(arrow).
C, Early contrast-enhanced T1-weighted gradient-
recalled echo image (at peak enhancement) (right)
shows avid enhancement in left central gland
corresponding to T2-weighted abnormality (arrow).
Benign prostate hypertrophy (BPH) (asterisk) is seen in
right central gland. Kinetic curve (percentage of
enhancement over time) comparison (center) is made
between prostate cancer (red) and BPH (blue). Vertical
lines show location of peak enhancement. BPH shows
longer time to peak when compared with prostate
cancer. Late enhancement pattern in BPH in this case
shows washout, although to lesser degree than in
prostate cancer. This example shows that BPH
enhancement curves have characteristics that may
closely resemble cancerous tissue. Slightly delayed
contrast-enhanced T1-weighted gradient-recalled echo
image (just past peak enhancement) (left) shows avid
enhancement in entire central gland masking tumor
(arrow) (5.8 s/timpoint).
D and E, Fusion of transverse T2-weighted images with
color-encoded maps show utility of color map in
identifying tumor. Ktrans (forward volume transfer
constant) (D) and kep (reverse reflux rate constant) (E)
maps delineate tumor area (arrow). Pharmacokinetic
parameters may be helpful for better differentiation.

DWI and DCE-MRI of the prostate

Loffroy et al - Current role of mpMRI for prostate cancer - Quant Imag Med Surg 5 754-764 2015

Figure 3 Multiparametric magnetic resonance imaging (mp-MRI) detects significant prostate 
cancer. This 63-year-old man had a doubling of serum PSA in less than 2 years.
(A) A pseudonodular mass of the anterolateral part of the left mid-peripheral prostate with low 

signal on T2-weighted imaging (T2WI) is shown; 
(B) this mass is associated with low signal on the apparent diffusion coefficient (ADC) map 

signifying restricted diffusion; 
(C) focal asymmetric early enhancement on the arterial phase of the dynamic contrast-

enhanced perfusion imaging. 
Targeted biopsies of this area revealed high volume Gleason 4+3=7 cancer. PSA, prostate-specific 

antigen.

Magnetic Resonance 
Spectroscopic Imaging
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Water and Fat

Water / fat protons : different chemical environments 
slightly different B0, different resonant frequencies

© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org

Chemical Shift

 Chemical shift corresponds to a change in the resonance
frequency of the nuclei within the molecules, which is a
function of their chemical bonds

 The surrounding electron cloud constitutes an electronic
shield that slightly lowers the B0 field that the nuclei “feel”

 Different electron clouds from different molecules/atoms,
hence different metabolites will offer different alterations to
the local B0 field

 Hence, nuclei attached to different molecules will have
different Larmor frequencies!

Prostate Metabolites

Syngo MR D11, Basic Manual Spectroscopy, Siemens, MR-05002.640.03.02.02

MR 
Spectra of 
Prostate

Verma et al - Prostate MRI and 3D MRS; how we do it - AJR 194 1414-26 2010

A, 62-year-old man with prostate 
cancer of Gleason grade 7 (3 + 4). 
Ch = choline, 
Pa =polyamine, 
Cr = creatine, 
Ci = citrate.

Normal
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MR Spectroscopic 
Imaging  of the 

Prostate

Verma et al - Prostate MRI and 3D MRS; how we do it - AJR 194 1414-26 2010

Fig. 12.
62-year-old man with biopsy-proven prostate 
cancer with prostate-specific antigen level of 
6.8 ng/dL and Gleason grade 6 (3 + 3).
A, T2-weighted axial MR image shows 1.7-cm 
low-signal-intensity mass in right mid gland
with prostate capsular bulge.
B, Spectroscopy grid from A shows abnormal 
ratio of choline and creatine to citrate ratio
corresponding to low-signal-intensity mass.

MR Spectroscopy

MR Spectroscopy Quick Guide, Siemens Medical

ESUR prostate MR guidelines 2012

Barentsz et al - ESUR prostate MR guidelines 2012 - Eur Radiol 22 746-757 2012

ESUR prostate MR guidelines 2012

Barentsz et al - ESUR prostate MR guidelines 2012 - Eur Radiol 22 746-757 2012
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Putting it all together

Putting it all together
T2WI, DWI, DCE and MRSI

Loffroy et al - Current role of mpMRI for prostate cancer - Quant Imag Med Surg 5 754-764 2015

mpMRI-prostate and Radiotherapy 

Dinh et al - MRI for prostate cancer radiotherapy - Physica Medica 32 446-451 2016 Dinh et al - MRI for prostate cancer radiotherapy - Physica Medica 32 446-451 2016

Dinh et al. 

MRI for 
prostate 
cancer 

radiotherapy

Physica 
Medica 32 

446-451 2016
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Dinh et al - MRI for prostate cancer radiotherapy - Physica Medica 32 446-451 2016

Dinh et al. - MRI for prostate cancer radiotherapy - Physica Medica 32 446-451 2016

“

”

Over the horizon - MR Fingerprinting
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