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Objetivos

A Relaxometria por Ressonancia Magnética
Nuclear (RMN) permite a obtengdo das
constantes de relaxagdo T, (longitudinal) e T,
(transversal), fornecendo informagdes sobre os
mecanismos de relaxacdo em diferentes
amostras, o que permite sua caracterizagao [1].

Existem sequéncias de pulsos 1D tradicionais,
Inversion-Recovery (IR) para T e
Carr-Purcell-Meiboom-Gill (CPMG) para T,
previamente implementadas no Espectrometro
Digital de Ressonancia Magnética (DMRS) [1].
Desenvolvido pelo Centro de Imagens e
Espectroscopia por Ressondncia Magnética
(CIERMag), o DMRS usa Field-Programmable
Gate Arrays (FPGAs) e conta com ferramentas
préprias, como o Python Magnetic Resonance
Framework (PyMR), software para
planejamento e execugdo de experimentos [3],
e a linguagem F para facilitar a programagéao
das sequéncias de pulso de RMN [1].

O objetivo deste trabalho é implementar e
avaliar métodos 2D de Relaxometria por RMN
para obtengao simultanea de T: e T. no DMRS.

Métodos e Procedimentos

No contexto do CIERMag, um método abrange
todas as etapas do experimento, desde o
pré-processamento até o processamento de
dados [1]. Com programac&o em linguagem F e

IR-CPMG

scripts auxiliares em Python para organizagao,
validagdo e analise dos sinais, os métodos
implementados (Fig. 1), baseiam-se em
preparagdes distintas da  magnetizagao
longitudinal: Inversion-Recovery (IR-CPMG),
Partial-Inversion-Recovery (PIR-CPMG) [4] e
Saturation-Recovery (SR-CPMG), seguidas por
CPMG. Busca-se comparar esses métodos
quanto a precisdao, tempo de aquisicdo e
reprodutibilidade em relagdo aos métodos

tradicionais unidimensionais (IR e CPMG).
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Fig. 1: Diagrama dos métodos 2D. TE é o tempo ao eco,
TR é o tempo de repetigéo, n varia de 1 ao numero de
ecos. 7; € o tempo de inverséo da repeticdo i e t € o tempo
de polarizacéo parcial.

Os experimentos foram feitos com um magneto
permanente de 0,5463 T, operando a 23,256
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MHz para H'. Os pulsos de radiofrequéncia
(RF) e a frequéncia do espectrdmetro foram
previamente calibrados. A amostra utilizada foi
de 1 mL de CuSO, 0,5¢g/L. Os experimentos de
IR, CPMG e métodos 2D foram repetidos 3
vezes e os valores de T, e T, foram foram
obtidos a partir da média das medidas.

Resultados

A Fig. 2 mostra a evolugdo da magnetizagao
longitudinal e um decaimento transversal em
cada método 2D, evidenciando diferengas
dinamicas. Cada ponto da dimensao de T: é
seguido de um decaimento exponencial da
magnetizagao transversal, usado para obter T..
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Fig. 2. Evolugado da magnetizagao longitudinal (a esquerda
e decaimento da magnetizacdo transversal (a direita) para
cada método.

A Fig. 3 apresenta mapas de intensidade que
indicam o ajuste entre dados experimentais e
simulados. Os picos identificam as estimativas
mais provaveis de T: e T, permitindo comparar
a precisdo dos métodos.
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Fig. 3: Mapas de correlagédo T:+—T: para os métodos 2D.
A Tab. 1 mostra os valores de T, e T, obtidos:

10402

CPMG IR IR-CPMG SR-CPMG PIR-CPMG
T: (ms) - 556+8 562+6 56343 562+2
T:(ms) 506,9 +0,2 - 500 + 1 496+6 48715
t (min) 10 45 80 45 45

Tab. 1: Comparagéo dos tempos de relaxagao obtidos. t é
o tempo total de aquisi¢éo.

Conclusoes

Os metodos 2D sao consistentes com IR e
CPMG. PIR-CPMG equilibrou precisdo e
tempo; IR-CPMG foi mais preciso, mas mais
lento; SR-CPMG menos preciso e mais ruidoso
em T:. Os mapas mostraram correlagéo T+—T. e
diferencas de ruido. O DMRS mostrou-se
eficaz e versatil. Futuros trabalhos poderao
aplicar a Transformada Inversa de Laplace

(ILT) para  espectros quantitativos e
diferenciagéo de compartimentos.
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Objectives

Nuclear Magnetic Resonance (NMR)
Relaxometry allows the determination of the
relaxation constants T: (longitudinal) and T
(transversal), providing information  on
relaxation mechanisms in different samples,
thus enabling their characterization [1].

Traditional 1D pulse sequences exist,
Inversion-Recovery (IR) for T and
Carr-Purcell-Meiboom-Gill (CPMG) for T,

previously implemented in the Digital Magnetic
Resonance  Spectrometer (DMRS) [1].
Developed by the Centro de Imagens e
Espectroscopia por Ressondncia Magnética
(CIERMag), the DMRS uses
Field-Programmable Gate Arrays (FPGAs) and
features proprietary tools such as the Python
Magnetic Resonance Framework (PyMR), a
software for experiment planning and execution
[3], and the F language to facilitate NMR pulse
sequence programming [1].

The objective of this work is to implement and
evaluate 2D NMR relaxometry methods for
simultaneous acquisition of T: and T: in the
DMRS.

Materials and Methods

In the context of CIERMag, a method
encompasses all stages of the experiment, from
pre-processing to data processing [1]. With

IR-CP

programming in F language and auxiliary
Python scripts for organization, validation, and
signal analysis, the implemented methods (Fig.
1) are based on distinct preparations of the
longitudinal magnetization : Inversion-Recovery
(IR-CPMG), Partial-Inversion-Recovery
(PIR-CPMG) [4], and Saturation-Recovery
(SR-CPMG), followed by CPMG. The objective
is to compare these methods in terms of
precision, acquisition time, and reproducibility
with respect to the traditional one-dimensional

methods (IR and CPMG).
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Fig. 1: Diagram of the 2D methods. TE is the echo time, TR
is the repetition time, n ranges from 1 to the number of
echoes. Tiis the inversion time of repetition /, and 1 is the
partial polarization time.

The experiments were performed with a
0,5463T permanent magnet, operating at

time
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23,256MHz for 'H. The radiofrequency (RF)
pulses and the spectrometer frequency were
previously calibrated. The sample used was 1
mL of CuSO. 0,5¢/L. The IR, CPMG, and 2D
methods experiments were repeated three
times, and the T: and T. values were obtained
from the average of the measurements.

Results

Fig. 2 shows the evolution of the longitudinal
magnetization and a transverse decay for each
2D method, highlighting dynamic differences.

Each point in the T+ dimension is followed by an
exponential decay of the transverse
magnetization, used to obtain T-.
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Fig. 2: Evolution of longitudinal magnetization (left) and
decay of transverse magnetization (right) for each method.

Fig. 3 presents intensity maps that indicate the
fit between experimental and simulated data.
The peaks identify the most probable estimates
of T: and T, allowing comparison of the
methods’ precision.
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Fig. 3: Correlation maps T:—T- for the 2D methods.
Tab. 1 shows the values of T, e T, obtained:
CPMG IR IR-CPMG SR-CPMG PIR-CPMG
T: (ms) - 556+8 562+6 563+43 562+2
T:(ms) 506,9 + 0,2 - 500+1 49616 4875
t (min) 10 45 80 45 45

Tab. 1: Comparison of the relaxation times obtained. t is
the total acquisition time.

Conclusions

The 2D methods are consistent with IR and
CPMG. PIR-CPMG balanced accuracy and
acquisition time; IR-CPMG was more accurate
but slower; SR-CPMG was less accurate and
noisier in T:.. The maps showed TT.
correlation and noise differences. The DMRS
proved to be effective and versatile. Future
work may apply the Inverse Laplace Transform
(ILT) for quantitative spectra and compartment
differentiation.
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