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What is Perfusion

Perfusion describes the amount of blood delivered to the capillary
beds of a block of tissue in a certain time period.

Transport of oxygen, glucose and other nutrients from blood to
tissue.

Occurs at the capillary level (radius ~ 5 uym)

It is typically characterized by three quantities: cerebral blood
volume (CBV), cerebral blood flow (CBF), and mean transit time
(MTT). The typical imaging voxel contains several thousand
capillaries.

CBF and MTT measurements necessarily rely on techniques
sensitive to motion (for instance, bolus tracking techniques), CBV
may g)e measured with other methods (for instance, in a steady
state).




Cerebral Perfusion: measurable

parameters

+ CBF: rate at which blood flows through the
microvasculature of a region of tissue.

* In gray matter 40-60 ml/100g/min

* — In white matter 20 ml/100g/min

Net blood flow through the voxel
Mass of the voxel

rCBF =

Cerebral Perfusion: measurable
parameters

CBV: fraction of volume of tissue occupied by blood
(~3%).

» Dependent of MRI technique (sensitivity to vessel size)
* —In gray matter 4 ml/100g tissue

* — In white matter 2 mil/100g tissue

Volume of blood in a voxel

rCBYV = Mass= of the voxel

Volume of blood in a voxel

rCBV (%) = 100 Volume of the voxel




Cerebral Perfusion: measurable
parameters

« MTT: Mean transit time, average time that blood spends

passing through the blood volume with a region of tissue
before it exits though the venous system.

Advantages of MRI over CT, PET &

SPECT

MRI has the advantages of

high temporal and spatial resolution
using no radioactivity,
being almost noninvasive

and offering combination studies using
other MR techniques (diffusion,
spectroscopy, angiography, structural
imaging).




Types of Perfusion Imaging

MR perfusion imaging is divided into categories:
(1) Exogenous based techniques either
(a) using intravenous bolus injection of paramagnetic contrast
agent, dynamic susceptibility contrast magnetic resonance
imaging (DSC-MRI). or
(b) Steady State techniques

(2) Endogenous - arterial spin labeling of protons in blood.

Contrast enhancement with Blood
pool agents

» Blood pool tracer perfusion imaging is carried out with exogenous
paramagnetic contrast agents, such as gadolinium chelates.

» A nondiffusible contrast agent does not cross the intact BBB and
remains in the intravascular compartment, where it changes the
blood T1 and T2.

» Although the agent is confined to the vascular space, its effects
extend to the extravascular space as well, due to magnetic
susceptibility effects and to water exchange between blood and
tissue.

» As aresult, the presence of a nondiffusible contrast agent within the
vascular bed may also change the relaxation times in the adjacent
tissue




Gadolinium

*  Cuuumnan o dnthanide metal being paramagnetic property due to seven
unpaired electrons. Due to toxicity gadolinium is chelated to different
compounds: Gadolinium-DTPA

* Gadodiamide (Gadolinium DTPA) provides greater contrast between normal
tissue and abnormal tissue in the brain and body.

* Gd is non radioactive.

» Before the imaging takes place it is injected into a vein and then
accumulates in the abnormal tissue.

* Animportant feature of using gadodiamide as a contrast agent is that the
only known adverse side effects are mild headaches, nausea, local burning
at entry site

Susceptibility

= Magnetic Susceptibility is the degree of magnetization of a material in response to
a magnetic field.

sthe magnetic field is strengthened by the presence of the paramagnetic material

mParamagnetic contrast agent within the vasculature

sDistorts the magnetic field
"

=Reduces T2 around the vessel
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Changes in T1 relaxation

The effect of MR contrast agents on T1 relaxation is caused by so-
called dipole-dipole interactions i.e. on direct interaction of protons
in the water molecules with the dipole moment of the unpaired
electrons of the paramagnetic contrast agent.

Gadolinium-compounds in the brain are intravascular when the
blood brain barrier is intact. T1 shortening produces signal
enhancement in the blood volume, that contributes about 5% of the
total brain volume.

The change in blood water longitudinal relaxation rate may be easily
obtained from the relaxivity r1 and the blood concentration cb of the
contrast agent:

R1 =1/T1 and R19 is the intrinsic blood water relaxation

R, = R + rics.

T1 in adjacent tissues

In the normal brain the BBB prevents diffusion of contrast agents out of the
intravascular spaces.

However, water exchange induces a change in extravascular T1. The residence time
of water in capillaries has been considered to be on the order of 500 msec.

Water exchange is slow with respect to MR measurement times, resulting in a limited
shortening of tissue T1.

"T1 maps" have poorer contrast-to-noise ratios than corresponding T2-weighted
maps

T1 change is relatively small and the method has not found broad applications.




Transverse Relaxation Rates

» The transverse relaxation of blood is predominantly due to diffusion
of water protons through field gradients arising from the
susceptibility difference between red blood cells (RBC) and plasma

-'i}(f REC/plasma — XFBC — l}(plasmn + Xoal

» Since RBC susceptibility depends on the oxygenation, changes in
the relaxation rate(R2) due to the injection of the contrast agent,
also depend on the oxygenation level.

» For fully oxygenated blood, the injection of contrast agent increases
susceptibility difference, resulting in a decreased blood T2. With
dgoxygenated blood, the contrast agent causes an increase in blood
T2.

Changes in T2 and T2” in Adjacent
Tissue

* The echo time in gradient-echo or spin-echo experiments is generally
smaller than 100 msec, Thus, here also water exchange between intra- and
extravascular compartments is slow, and it does not contribute significantly
to T2 changes.

* The changes in tissue T2 and T2* are mainly due to the dephasing of the
extravascular spins in the spatially non uniform field created by the
magnetic susceptibility differences between vascular and extravascular
compartments.

» This susceptibility difference causes magnetic field distortions in the vicinity
of blood vessels, resulting in a decrease of the transverse relaxation times
of protons in the extravascular compartment.

» The presence of microscopic magnetic field heterogeneities creates a
distribution of resonance frequencies.




Vessel size and susceptibility effects

The signal change caused by a paramagnetic compound also depends on
how many different magnetic fields the spins experience during the duration
of the pulse sequence.

Around a larger vessel, water molecules will only experience the same
"static" magnetic field because the distance travelled by diffusion is small in
relation to the characteristic distance of field inhomogenity. Dephasing due
to static inhomogenity leading to signal loss will occur in a gradient-echo
experiment but not in a spin-echo experiment.

Around smaller vessels, the water molecules will experience varying
magnetic field gradients due to diffusion (around the vessel and around the
neighboring vessels), this will lead to dephasing and signal loss in a
gradient-echo as well as in a spin-echo experiment.

Spin echo sensitive to microvasculature
Gradient echo sensitive to all vessel sizes

GE, T,=60 ms -
SR
SE, T,=100 ms

10 p/um 100




Gradient Echo Experiments

» Atlarge doses of contrast agent, all the vascular components are on
the plateau and gradient-echo experiments can measure the total
vascular volume. It has been shown that at the long echo times
usually employed and at a high concentration of contrast agent, the
enhancement in relaxation rate is given by

ARS = - myxEacuBiCBV,

-7
. A1=3‘95.10

AR, (™)
n
4

W] b=

Ax=1.97 107

e = SN
- - 7

P S g 2%=0.98,10

1 10 100

Spin Echo Experiments

* In spin-echo experiments, the dephasing resulting from static local
differences in Larmor frequencies is refocused and diffusion effects
become more visible.

* The phenomena that induce a change in transverse relaxation rates
are closely related to the diffusion length during the experiment time
TE. This diffusion length LD depends on the self-diffusion coefficient
D of water in the vicinity of the vessel walls:

I.D == "-,B'DTE .




» The water molecules move through field gradients induced by the blood-
tissue susceptibility difference.

» With large vessels one can assume that during the experiment time (TE)
each diffusing water molecule experiences an approxmatel% constant field
gradient whose value depends on its initial position (slow diffusion
approximation). An attenuation of the echo occurs (T2 decrease).

» For small vessels, a diffusing water molecule experiences a whole range of
magnetic fields resulting in the averaging of phase differences (motional
narrowing) and reduced signal attenuation. At a given rCBV, the change in
R2 of a spin-echo experiment reaches a maximum for microvessels and
decreases when vessel size increases.

~ay=0.98 10”7
“ax=1.97 107
Ay=3.85 107

Gradient Echo Spin Echo Fast IR

pir]

L=
=)

Gd-injection

ity
2 =2 =2
m o~

rel. Signal Intensi
2 o
E T

—=—GEWM
-u—GE GM
| ——SE WM

——SEGM

2 2
L)

=

3 13 23 33
Scan no. (2.5 s each)

Figure 1. Signal-time course of the relative signal intensities for
gray and white matter and the middle cerebral artery for the GE
[black squares) and the SE method (gray diamonds). While the
GE-based method shows a larger signal change in the gray mat-
ter {open symbols), the SE-based method shows a larger relative Figure 2.
signal change in the white matter (solid symbals). L
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Spin Echo v/s Gradient Echo

Gradicnt Echo Spin Echao
rCBF Map rCBF Map

Spin Echo v/s Gradient Echo

spin-echo(SE)-based perfusion MR yield a better estimate of
capillary tissue perfusion.

In computer simulations, the sensitivity of a GE based method is
relatively independent of the size and distribution of vessels and
capillaries within a given voxel, whereas SE-based methods show a
maximum sensitivity for vessels between 5 and 10 mm diameter, the
size of capillaries in the human brain.

The apparent advantage of the GE technique is its higher contrast-
to-noise ratio (CNR) compared with the SE technique.
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