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Abstract: [ Objective] To compare the efficiency of paramagnetic relaxation enhancement of five gadolinium—based
contrast agents (GBCAs) at the same dilution ratio and molar concentration. [ Methods] Five commonly used GBCAs, in-
cluding 2 linear and 3 macrocyclic GBCAs, were employed and prepared to phantoms with the same molar concentration
and dilution rate using distilled water. The phantoms were scanned in a 3.0 T MRI scanner under the same sequences and
parameters. The regions of interest (ROIs) were drawn on the T,WI SE and T, mapping images to quantitatively measure
the T,WI signal intensity and T, value from phantoms, calf muscles and surrounding air. The T, relaxation rate (R,), sig-
nal to noise ratio (SNR) and contrast noise ratio(CNR) were then calculated based on the T,WI signal intensity and T, val-
ue. The relationship from signal intensity (Sp), RSI, T, value, R,, SNR, CNR and molar concentration were analyzed.
The differences from Sp, RSI, T, value, R,, SNR, CNR in 5 GBCAs were compared. [Results] In the process of phan-
toms’ s preparation, the total used dose of Gd—DO3A-butrol was lowest. Sp and RSI were curvilinearly correlated with the
molar concentration of GBCAs(r=0). While T,p and SNR were negatively correlated with the molar concentration of GBCAs
(r<0), R, and CNR were positively correlated with the molar concentration of GBCAs. The Sp, T, values, RSI, SNR and

CNR from these five GBCAs were detected to be similar to each other, even between linear and macrocyclic GBCAs.[Con-
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clusions] Under the same molar concentration, there are no significant difference of T, W1 signal intensity and T, value be-

tween linear and macrocyclic GBCAs phantoms found from Magnetic resonance imaging. What’ s more, both high and low

molar concentration of gadolinium—based contrast agents can decrease the T, WI signal intensity of phantom, but the T, val-

ue will continue to decrease with the increase of the molar concentration.

Key words: gadolinium—based contrast agents ; phantom; magnetic resonance imaging; signal intensity ; relaxometry
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Table 1 Diluting rate and molar concentration of

the phanton

No. Diluting rate/%  Molar concentration/ ( wmol/ml.)

1 16.667 41.67
2 10 25
3 6 15
4 3.6 9

5 2.16 5.4
6 1.39 3.24
7 0.78 1.95
8 0.467 1.17
9 0.28 0.7
10 0.168 0.42
11 0.101 0.25
12 0.061 0.15
13 0.036 0.09
14 0 0
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Table2 MRI scanning sequences and parameters

Sequences Localizer T,WI_SE_Cor B,Map_for_T,_Mapping T,_Mapping_VIBE_Cor
FOV/mm 400 300 381 300

TR/ms 7.8 400 5050 54

TE/ms 3.69 10 1.83 2.44
Thickness/mm 5 3 8 2
Slice/Slabs 5 18 24 1
Resolution 256X256 384%x384 64%x64 256X256
Averages 1 1 1 4
Concatenations 11 1 1 1

Flip angle/® 20 90 ; 160 8 3515

MRI: magnetic resonance imaging; T WI: Tl-weighted imaging; SE:

tion; FOV: field of view; TR: repetition time; TE: echo time.
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The measurement on T,WI SE (A) and T, mapping (B) images. Circular ROls were manually drawn on the phantom (ROI1-14) and lower leg

muscle (ROI-15).
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Fig.1 Measurement of T, WI signal intensity and T, values
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Table 3 The preparation of five phantoms

Items Gd-EOB-DTPA Gd-DTPA Gd-DO3A-butrol Gd-HP-DO3A Gd-DOTA
Molecular mass 725.72 938.01 604.72 558.7 753.9
Molar concentration/(mol/L) ~ 0.25 0.556 1 0.4999 0.5003
Total used volume/mL 4.17 1.87 1.04 2.08 2.08
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A to E show the relationship from Sp, RSI, T,p, R,, SNR, CNR and molar concentration of GBCAs, respectively. Sp (A) and RSI (B) were cur-

vilinearly correlated with the molar concentration, T,p (C) and SNR (E) were positively correlated with the molar concentration, while R, (D) and

CNR (F) were negatively correlated with the molar concentration. Sp: signal intensity of phantom; RSI: relative signal intensity; T,p: T1 value of

phantom; R : T, relaxation rate; SNR: signal to noise ratio ; CNR: contrast noise ratio.
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Fig.2 The cures of Sp, RSI, T,p, R,, SNR, CNR and molar concentration of GBCAs
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Table 4 Correlation of Sp, RSI, T,p, R,, SNR,
CNR and molar concentration of GBCAs (n=14)

Correlation

coefficient P
Tp A —-0.987 <0.001
B =1l <0.001
C =l <0.001
D =l <0.001
E =il <0.001
R, A 0.985 <0.001
B 0.996 <0.001
C 0.996 <0.001
D 0.996 <0.001
E 0.996 <0.001
SNR A -0.987 <0.001
B =il <0.001
C =1l <0.001
D =1l <0.001
E =1l <0.001
CNR A 0.587 0.027
B 0.596 0.025
C 0.6 0.023
D 0.6 0.023
E 0.596 0.025

A: Gd=EOB-DTPA;B: Gd=DTPA;C: Gd-DO3A-butrol;D:
Gd-HP-DO3A;E: Gd-DOTA.
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Table 5 The comparison of Sp, RSI, T,p., R,, SNR and CNR in different gadolinium—based contrast agents

[tems Sp RSI Tp R, SNR CNR
Gd-EOB-DTPA 1 071.21+634.33 4.89+2.9 142.24 0.007 0.17 1.75
Gd-DTPA 1 133.85+641.24 5.08+2.87 196.55 0.006 0.24 1.69
Gd-DO3A-butrol 1 135.26+647.25 4.85+2.76 198.04 0.006 0.24 1.64
Gd-HP-DO3A 1096.36+613.60 4.37+2.45 195.46 0.006 0.24 1.8
Gd-DOTA 1163.31+652.72 4.6+2.58 213.92 0.006 0.26 1.61
F/H 0.045 0.144 0.222 0.115 0.222 3.954
P 0.996 0.965 0.994 0.998 0.994 0.412

R 6 ZMEFMAIFZE GBCAsH Sp.RSL.T,p.R,.SNR.CNR H tb %
Table 6 The comparison of Sp, RSI, T,p, R,, SNR and CNR in linear and macrocyclic GBCAs

Ttems Sp RSI Tp R, SNR CNR
Linear GBCAs 1 102.53+626.69 4.99+2 83 149.13 0.007 0.18 1.71
Macrocyclic GBCAs 1 131.64+622.95 4.60+2.54 199.88 0.005 0.25 1.66
4 1=—0.191 1=0.572 -0.108 -0.066 -0.114 -0.659
P 0.849 0.57 0.914 0.947 0.909 0.510
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