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MRI Contrast Agents

,,Contrast’ refers to the signal differences between adjacent regions, which could be
,.tissue and tissue®, ,,tissue and vessel®, and ,,tissue and bone®. The inherent difference in
T1 relaxation time between biological tissues, or between normal and pathologic tissue is
not always large enough to obtain a detectable contrast in the MR image (Figure
9.53a). e ¥y Aoy MAanil¥l g AawiI (6% O (Ray g B glatiall (alalial) ¢ BLEY) UBA) ) culal ady
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In order for pathology to be visible in MRI, there must be contrast or a difference in signal
intensity between it and the adjacent tissue. &) w> «shblia Gl st 84 e Gal ) (s LS
Bl Al G g g B LEY) B B DGR i il LA (58

The contrast mechanism for MRI is more complicated and not as in the contrast agents
for X-ray and CT where show contrasting effects according to the electron-density
difference, and they produce direct contrast effects on their positions. <3 2 i) ) s
(AL Wb g Aite ol Bl gl o Andahal) And¥ g Asanad) An) (A Ol Bl g8 (b Jlad) o LaS gl g 12n AT punshaliiall 01 by
LBl ga o B pdilia (il <l il il g oy g ASIY) ABUS

For MRI, the contrast enhancement occurs as a result of the interaction between the
contrast agents and neighboring water protons, which can be affected by many intrinsic
and extrinsic factors such as proton density and MRI pulse sequences. The signal contrasts

can arise in MRI from differences in four basic physical parameters: o= »paill il
LA Jal gl o aadly AU G Sy (A 9 6B glanall slall Clighgng Cubl Jal g G J U Al ll) (paand Cidny ¢ ualalital)
G orlalinall Gl g gaail) B B LAY il LA o (S uandiliiall (i I guall (o Jeaeatig ¢y 9 9 ) ABES (Jia 4 A1
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SD: The spin density of the various tissues/fluids being analyzed J9 s«l)/iswi) lisal o )54l 4dlis
Lad oy A
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T1: The time constant with which the spin magnetization of a given tissue will build up

after being saturated/inverted/pulsed-away. s (s gowdd 05 dhiia sdie aS) Hiw  2l) a3l el

Ay Addayl/AuSe [Anp i

T2*: The time constant with which the spins’ signals arising from a given tissue will
diphase due to inhomogeneous broadening —this is the kind of signal decay that can be
echoed away by m pulses; for instance the one arising from field inhomogeneities or
susceptibility differences. witaiall 4y £l o (ra g (o Ll ciligsend) & ) 48 o Laion (g4 o Jff ol
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T2: The time constant with which the spins’signals arising from a given tissue will decay
away due to homogeneous broadening — this is the kind of irreversible decay that can't be
echoed away, arising from microscopic random fluctuations in the magnetic field. a3 %)
OSar Y g Ad dan ;Y A DAY £ o8 98 13 5 — Guilatiall £ LudY) Cum (e e (pe ADSLY) Clinad) il LE) 4 Jaadaia )
wnbliiall Jlaall (2 4 pgaall 4l pdal) LB (g Ly 5 <) 023,

Contrast in most MR images is actually a mixture of all these effects; but careful design of
the imaging pulse sequence allows one contrast mechanism to be emphasized while the
others are minimized. The ability to choose different contrast mechanisms by tailoring the
appropriate pulse sequence and choosing the right pulse sequence parameters is what gives
MRI its tremendous flexibility. c< <) 500 03 JS o gmia @85l (2 s niliaal) Guisl g alina A cplidl)
O ll ) e 8080 ) Lo AY) ) Gl o) Laty Saa) g ol Al e 3y e g peal) Gasi Juadial (38401 ppancil
AL A g ja ahiliiall (il g seail) zias L 2 Aagauall (il Juudud Glalea JUE g uabiall Gl Juudeds aganali (31 )k (e Adlida
In certain cases, the intrinsic differences in T1, T2, T2%, etc, may not be sufficient to

achieve the desired degree or kind of contrast. In those cases additional differences can

be introduced by adding contrast agents (figure 9.53b): paramagnetic chemicals that

localize in certain tissues/fluids, and artificially change their spin relaxation properties.
Oy cc¥lal) dli A qgllaall cplal) £ o8 ol Ax ) Galadll 4818 (D L) Lag o, 1.2 (8 4 a sl CllBUAY) ()9S Y 38 calal) Gy
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Figure 9.53: MR image to diagnose tumor in the brain without contrast
agent (a) and with contrast agent.

In order for an excited spin system to return to its equilibrium magnetization, energy must be transferred
from the spin system to the lattice (surrounding). The return to equilibrium is described by the spin-

lattice relaxation time, T1. When Tl-weighted sequences are used, the magnitude of the MR-signal

increases with decreasing Tlrelaxation times. Further, the contrast between two tissues will of course

also increase with increasing difference in T1 relaxation times between the two tissues. Cual) alad 3 gay S
clg A e OO ) Bagal) ey oy (Aasaall) ASEN ) Gaead) pUS (e ABUSY) JBT iy 03168 Al ) Ul
Ol e 3 dle |1 LA uY) B gl JulES aa 3 LEY) ana 3130 o] Aan e cdldud aladiiad die | ol sl ASud A i)
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Sufficient contrast is of particular importance in differentiating pathological tissue from normal
surrounding tissue. Exogenous MR contrast agents were developed shortly after the first commercial MR
systems became available in the early 1980’s. 4wl e dud yal) Aoy Jual B dald Lpaa] Al ALY bl
L) undlital) i 1) dalill 865 cra yuald B g am A JAY) pesdaliiial) ¢ iy Gl Jal g g ghatl o5 Aniaal) daubal)
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Today, MR contrast agents are typically in a significant proportion of MR examinations; with the highest
usage in CNS applications (tumor diagnosis). MR contrast agents are also widely used in MR
angiography (MRA). (&) Gluagad (e b pnS dpd (A Baga ga (eabilitall (il Cpbill Jalge (19S5 La Bale <o gal)
Ol Galll) Jalge Ul addiad  (als¥) pasddl) Sl o) Slgad) clinda 3 aladiad) Jof e ¢ publiaal)
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MR contrast agents act by selectively reducing T1 (and T2) relaxation times of tissue water through
spin- interaction between electron spins of the metal-containing contrast agent and water protons in
tissue. JoU) A (e Aol sla sl i) Byl ca (2 9) Banly B el AEIN il gk e bl Jalge Jand
A B plall clighg g Garall o (g giaall Cpbll Jalad g ASIY) 0 593 (o (o Sl
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There are two classes of MRI contrast agents available: s s<aill Aaldl) culidl) Jal so (ha (lialia lisd Slia
(rhalinal) ¢l M

(1) Tl-weighted contrast_agents (e.g., gadolinium-(Gd®") and manganese- (Mn?") chelates) are

paramagnetic in nature which increase the T1 relaxation time, resulting in bright contrast T1-weighted
images; \as dhaiias dagh il A (el Cliliag o g galad) (JUial) Jusan A2) 1 Adgsall cpbll Jal e €))
1 (0 < b (il S e Ao Jand) ) g5 Laa (] #8 AuN) g e

(2) T2-weighted contrast _agents arc superparamagnetic materials (e.g., magnetite (Fe3Os)

nanoparticles) which reduce T2 relaxation times, giving rise to dark contrast T2-weighted images. The
efficiency of a contrast agent to reduce the T1 or T2 of water protons is referred to as relaxivity and
defined by followed equation: <ufiial) Cilagun (Jihall Japn o) A8id dyaudaiin i 31 ga g2 2 Adg ) gall (bl Jal g0
b bl Jale Bl ) Ly i 59 ld ASIa Gl ) g 9 ) (525 Laa oA i) B gf (ha (e JIS (0 9 (4 530
Al Adalaally L dyand ol g oA Aul slall iy (a2 o) 1 Jalis
/T2 =1/T01,2 +y1,2C

Where 1/T;,; is the observed relaxation rate in the presence of contrast agents, 1/Ty;,21s the relaxation
rate of pure water, C is the concentration of the contrast agents and y; and y; are the longitudinal and
transverse relaxivities, respectively. Ja s 01,2/15 <Gkl Jalso 529 A B galal) gl Sl Jana 92 1,2/1 S
A e gall g skl pIA ) Lat 2.9 19 Gl Jalge S5 gh g il slpall £18 )

Various inorganic nanoparticles have been used as magnetic resonance imaging (MRI) contrast agents
due to their unique properties, such as large surface area and efficient contrasting effect. ) a)adiu) ai
el dalse fia B3 ) puailiad] 1305 (puntbliball (i pgeal) (b oS ol snS ypuanll 1 il lagusnl 3o
Jladl) Gl i g 8 sl

Since the first use of superparamagnetic iron oxide (SPIO) as a liver contrast agent, nanoparticulate
MRI contrast agents have attracted a lot of attention. Magnetic iron oxide nanoparticles have been
extensively used as MRI contrast agents due to their ability to shorten T2* relaxation times in the liver,
spleen, and bone marrow. (H) Ja)ge Cuda (Sl Gl JalaS Laphiiall ($8 Haad) LSy JgY) aladiuy) e
gl g (Gl o ulalial) aad) asY 4 gilil) Clasuad) aladiiad ai alaia ¥l cpa Sl 4G 3l unaliial) i M s il
pliad) plad g Jladall g Sl (A (4 pa oA ) B gl paual e g a8 ) IS padaliiial) il g gail) (B (il Jal gaS

More recently, uniform ferrite nanoparticles with high crystallinity have been successfully employed as

new T2 MRI contrast agents with improved relaxation properties. Iron oxide nanoparticles
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functionalized with targeting agents have been used for targeted imaging via the site-specific
accumulation of nanoparticles at the targets of interest. 4535 Cy 81 Uy ja aladin) plady a3 B paY) 4 gY) B
Baat) L] oy aladicd i Aduaa sl jiul gailad ga adlUiad) (il g geaill Sasaa (b Jal gaS Jlad) | obiil) <l
ALaY) Jaa CilaaY) B ad gally Aalidl) 4y 3Ll Cilasual) aSI 5 e Ciagiiniall g gaaill Cilagiad) Jal g aa Jati A1) 4y g3l

Recently, extensive research has been conducted to develop nanoparticle-based T1 contrast agents to
overcome the drawbacks of iron oxide nanoparticle-based negative T2 contrast agents. 33 4g¥) 3
s Aailil) 2 Al cplll Jal o e o Galiall 4y il cilagaal) e Al 1 cplll Jal e ghall CiiSa ing 51 50 o
aadl 2] (e 4 I Slagal)

K-Space

K-space is a formalism widely used in magnetic resonance imaging introduced in 1979 by Likes and in
1983 by Ljunggren and Twieg, which form raw data matrix in MRI which can be converted into an image
using Fourier transformation (Figure . 9.45). a3 (ublial) G Ml geaill (8 al g (Ui Ao dariiois 4085 A
Ol ngeall) (B Ayl clily dbghuan JUEI Allg o9 Al s 1983 ale Ay clilacy) daul g 1979 ale (B Lgayals
hyg b Jasad okl B s ) Ll sad Sy (il 5 (ouashilital
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Figure 9.45: Raw data matrix in MRI converted into an image using FT.

The value k. defines the number of phase cycles per meter distance from the origin (x =

0) a magnetization vector passes through due to application of the magnetic field gradient (Gx). By analogy
to the firequency given as cycles per time, k is called the "spatial frequency". To illustrate the idea of k-
space to start with the following question: Why is k-space so important? 4dlea J<!  ghll <) ;g3 3 dadl) aaa3
Baa JS (B i jgaS aral) 2 ) o Ulld () ohiliad) Jlaal) a8 (bl G Adaiial) J8U Ly o (=) Juad) (0 sia
S4saa ¥l odgy g8 13l 1 L) ) peally Tl pLiall) § S8 mada gil |1 ALl 208" o
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The_answer is: It helps us to understand how an MRI image is acquired and how various pulse-
sequences work. <Sudud Jas &S g puuhaliall (i by gaail) 3 gt S J guanl) AuiiS agh o Lasloy 43) 1 98 il g2
." .S.ﬁ. S‘ « .OS‘

In MRI physics, k-space is the 2D or 3D Fourier transform of the MR image measured. Its complex
values are sampled during an MR measurement, in a premeditated scheme controlled by a pulse sequence,
i.e. an accurately timed sequence of radiofrequency and gradient pulses. In practice, k-space often refers
to the temporary image space, usually a matrix, in which data from digitized MR signals are stored
during data acquisition. 5,5l JaN) 0 gl AU Ay b Jigat ga pliadl) (enhlial) (il gl pl3d 8
Aol gy A aSal) Ay daria Jabadia (B ¢ alitall (i ) (ubd o L) Balaall Lgad (pa e 34 Ay Aililall pundalinal) ¢y )
Llua ) jads La GE Alaad) Lallll cp gz i) cliasi g 4 g ) colan it A8y o gl ddaa Juaded (51 ¢ puand Juudis
bl Ao guand) oL Apad 1 daliial) 0y ) <l LAY Cpa i) 0 543 aly Gua (Ad ghuna ()5S La Bale g (A8 gall 5 ) guaal)

When k-space is full (at the end of the scan) the data are mathematically processed to produce a final
image. Thus k-space holds raw data before reconstruction. % «(feal) 4ilgd 8) dilian dalaal) (40 Ladic
OB Ay Auigdl 5 guall U Lualy ) cilill) Aallask-space . okes ) Bals) g 43 5 i) Jasy

“The MRI data prior to becoming an image (raw or unprocessed data) is what makes up k-space”.
Synonyms for k-space are matrix and time time-domain. The task of an MRI scanner is to recognize and
collect MR signals and store them in a specific order which is recognizable for further analysis. <l ()
A OSall clda) ) daluall JSdE AN A (Aadlae € o) aA clily) )9 mmal O J asblinadl Gl gaail)
gan g (rmlliiall (i) LB o i) (B mnbaliiall (il g el ke aga il a3l Jlaally 48 gheaall
Sl Gy el dple el (S ddaa il A L JAS

At each RF excitation, combinations of different excitations are collected as one complex signal. The read-
out MR signal is stored in @ 2D array called k-space, containing samples of the continuous Fourier
transform of the object's magnetization. ©-5\S 435541 5 ) (e Gl gana pan ol (s g) 1) 2o il 8 ) S die
) AnBial paiecal) A ) 98 Jagad (e cilie o (g giad ¢ dag¥) 43U 4D ghiaa B Be) A1) B LAY 0 AT Ay Salaa Baa g
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