[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-19 ]

[ DOI: 10.29252/jsdp.17.3.71]

5

2O =S (Hiigy &3 CEST suwwl y3S - yuass
oubliae 32345 (S19890 (SIS 32 29405

SIrleoloes loen  cuis olRidls ( Kay owiige 0g,S

oS>

Slogad & Ligilom pllR0g) audedd el cewl S b Jole (2bd) U (puablon wadd Gy @ Jedse s)loppead
OBl i omablin wulid Sl $9) 2 el ) ppgal Il ) (21b b Slglomen;s (Casl 00,5 @al)3 | (oorled e
Cowl jogimo (CEST) (ol Jold alawlgds gLl JUS! oasay & o5 yT 9 !l oS Jole oy (2lboads Jold oyl3me (550 310!
090 0 (s lido dyald pguad glilgy wad u'-‘aiu—:-'LL 9 ol S 39,00 olaxs Sals 4y e CEST 1 .cawl ol 1 dy 5!
G e 1a3) Gl SlBASLE 5 lomsds S &5 it (olalnd slalily 355 9 so 4335 b CEST i anl 235 1 sl 4 10
‘;ab) J’.D)B sS.: U“'QB)\", “u' Rsow Py kY ‘)‘-")3‘ |) CEST wl)‘..s 6)Lu6;S 9 LS).AGG)".\J‘ 4 6“43)*& ;().f.:é é)ls.a 9 pH 5;3.1);
JEG 08k polie (oo p Jolae (oLebols b andlao (] 0 o2 0 aslyl (uld g 1,05 sacdls )0 CEST Cawlids 31 (3280 asiwn
31 ooliiwl U (glazmogam 5 90 s Jow 30 CEST Cuwl oS (0T oo EL 51 9 (MT) b JgJg0g Sl bwgd (Shigss uudolio
U oLy CEST cawl pios gollai 090 o0 Gilw e ooy wlualicn 31 ol sodld g yu cdl 31 aid )8 s (g ol yly grodld
Jae SO jo SLaiXolyl, canl s s Jole gl cwaawl 1,5 sdg i 3l ol Sliwl 390 &5 3l e (5503l Shgy
Fegdle g9 yioS w0y e 31 (2 00ld Alwd aw (g9 p wgto jobas Bl e s glas lie el ool )y Glasmd g
Joe 5o SGiKalis g fols p e oslo wlal 1 525 Jg08 G L golgidny CEST Canl S (ym Joudo (5,500 Qi
a ol (Kily 092 35 5 GHluainge Sl CEST conl iS5 Lalowi' abal) cnl 4 (pbcaws b 3500 owsd o slazdsmgo
e 3 4kals wile) (gmblitog S lly (Sl S5 3 silsond JOL 55 el S Jale CABLE lme wiile 58 5T st el

3ngn bl ((shbiane slaplly 5 ol

P S 5% oY olao (CEST w‘r-\f 7 b goas S .‘;Ju,.m owbliao g gLl JLn.\.vl 1gals Qlf')"lg

Analytical determination of the chemical exchange
saturation transfer (CEST) contrast in molecular magnetic
resonance imaging

Mohammad Reza Rezaeian
Biomedical Engineering Department, Hamedan University of Technology, Hamedan, Iran

Abstract

Magnetic resonance based on molecular imaging allows tracing contrast agents thereby facilitating early
diagnosis of diseases in a non-invasive fashion that enhances the soft tissue with high spatial resolution.
Recently, the exchange of protons between the contrast agent and water, known as the chemical exchange

* Corresponding author Ll loosge Botus g

FO by ¥ 5yl 1FAQ YL 95 aalllas gg ® VTR N0 L] )l SAYAAN Y/ Y0500y go b SVYAAL VY sallis Jlo )l b @

&


http://dx.doi.org/10.29252/jsdp.17.3.71
http://jsdp.rcisp.ac.ir/article-1-994-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-19 ]

[ DOI: 10.29252/jsdp.17.3.71]

saturation transfer (CEST) cffect, has been measured by applying a suitable pulse sequence to the magnetic
resonance imaging (MRI) scanner. CEST MRI is increasingly used to probe mobile proteins and
microenvironment properties, and shows great promise for tumor and stroke diagnosis. This effect leads to
a reduction in magnetic moments of water causing a corresponding decrease in the gray scale intensity of
the image, providing a negative contrast in the CEST image. The CEST effect is complex, and it depends on
the CEST agent concentration, exchange rates, the characteristic of the magnetization transfer (MT), and
the relaxation properties of the tissuec. The CEST contrast is different from the inherent MT of
macromolecule bounded protons which evidently occurs as a dipole-dipole interaction between water and
macromolecular components. Recently it was shown that CEST agents can be strongly affected by the MT
and direct saturation effects, so corrections are needed to derive accurate estimates of CEST contrast.
Specifically, the existence of an analytical relation between the chemical exchange rate and physiological
parameters such as the core temperature, glucose level, and PH has generated more interest in
quantification of the CEST contrast. The most important modcl was obtained by analyzing water saturation
spectrum named magnetization transfer ratio spectrum that was quantified by solving Bloch equations. This
paper provides an analytical closed-formula of CEST contrast under steady state and transient conditions
based on the eigenspace solution of the Bloch-McConnell equations for both of the MT and CEST effects as
well as their interactions. In this paper, the CEST contrast has been modeled in two- and three-pool systems
using measured (experimental- real data) and fitted data similar to the muscle tissue by considering
interfering factors. The resulting error was characterized by an average of relative sum-square between
three experimental data and fitted CEST contrast based on the proposed formulation lower than 4 percent.
For further validation, these formulations were compared to the empirical formulation of the CEST effect
based on a diamagnetic contrast agent introduced in the two-pool system. Using the proposed analytical
expression for the CEST contrast, we optimized critical parameters such as concentration contrast agent,
chemical exchange rate and characteristics of the electromagnetic radio frequency pulse via amplitude and
pulse width in the rectangular pulse.

Keywords: Chemical exchange saturation transfer, Bloch-McConnell equations, Magnetization transfer,
Numerical solution, Z-spectra modeling.
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(Figure-1): Z-spectra of rat in various (Radio
frequency) RF powers and durations.
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