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Objetivos

A Ressonancia Magnética Nuclear (RMN) é
uma técnica n&o invasiva, que inclui a
Relaxometria como uma de suas aplicagbes. A
Relaxometria por RMN ¢ realizada no dominio
do tempo, e permite a obtencdo de
informagdes Uteis sobre a dindmica e a
estrutura de atomos e moléculas do tecido ou
material estudado a partir dos tempos de
relaxacdo T, (longitudinal ou spin-spin) e T,
(transversal ou spin-rede).

Existem sequéncias de pulso tradicionais,
como a Carr-Purcell-Meiboom-Gill (CPMG),
para medida de T,, e a Inversion-Recovery (IR),
para medida de T,, que foram previamente
implementadas no Espectrémetro de
Ressonancia Magnética Digital (DMRS) [1]. O
DMRS, desenvolvido pelo Centro de Imagens e
Espectroscopia por Ressonancia Magnética
(CIERMag), utiliza Field-Programmable Gate
Arrays (FPGAs) permitindo um hardware
flexivel e re-configuravel [2]. O CIERMag
também criou o Python Magnetic Resonance
Framework (PyMR), para suprir a necessidade
de um software de RMN para planejamento e
execucao de experimentos [3], e desenvolveu a
linguagem F para facilitar a programagéo das
sequéncias de pulso de RMN, [1].

O objetivo deste trabalho é implementar um
método 2D de Relaxometria por RMN para
obtencao 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]. A implementagdo do método 2D no
DMRS envolveu a programagdo da sequéncia
IR-CPMG na linguagem F e o desenvolvimento
de scripts de validagdo e processamento dos

dados em Python.
b TR
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Figura 1. Diagrama da sequéncia de pulsos IR-CPMG. TE
€ o tempo ao eco, TR é o tempo de repeticdo, n varia de 1
ao numero de ecos. 1; € o tempo de inversado da repetigao i.

O meétodo IR-CPMG, ilustrado na Fig. (1),
combina as sequéncias IR e CPMG. O primeiro
pulso de radiofrequéncia (RF) & um pulso de
180°, que inverte a magnetizacdo do eixo z
para -z. Em seguida, ha um periodo de espera
T durante o qual a magnetizagdo comega a
relaxar de volta ao equilibrio térmico no eixo z.
Esse tempo de recuperagdo varia a cada
repeticdo para mapear a recuperagdo da
magnetizagdo. Apdés o tempo T, é aplicado um
pulso de 90° (pulso de excitagdo), que transfere
a magnetizagao para o plano transversal, onde
0s spins comegam a perder coeréncia de fase.
Apds um tempo TE/2 sdo aplicados pulsos de
180° de refocalizacao e o eco é formado.

Os experimentos foram feitos no Instituto de
Fisica de Sao Carlos (IFSC), com um magneto
permanente de 0,5463 T, operando a 23,256
MHz para nucleos de Hidrogénio (H'). Os
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pulsos de RF foram calibrados previamente,
assim como a frequéncia de operacdo do
espectrometro. As amostras utilizadas foram de
1 ml de CuSO4 10g/L com NaCl 2g/L e 1ml de
CuS04 10g/L. Os experimentos de IR, CPMG e
IR-CPMG foram repetidos 5 vezes para cada
amostra e os valores de T, e T, foram
calculados como a média dos valores obtidos.

Resultados

A parte superior da Fig. (2) contém a
recuperacdo exponencial da magnetizacédo
longitudinal para as amostras de CuSO. 10 g/L
com NaCl 2 g/L e CuSO: 10 g/L e na parte
inferior o decaimento exponencial da
magnetizacao transversal para ambas.

CuS04 10 g/L com NaCl 2 g/ CuS04 10 g/L

Tabela 1. Tempos de relaxagao obtidos com os
métodos IR, CPMG e IR-CPMG.

CuSO: 10 g/L + NaCl 2 g/L CuSO0: 10 g/L

IR CPMG IR CPMG
T, (ms) T, (ms) T, (ms) T, (ms)
32,948+0, 543 29,093+0, 096 32,505+0,092 | 29,104 +0,199
IR-CPMG IR-CPMG
Ty (ms) Tz (ms) Ty (ms) Tz (ms)

32,102+0, 261 29,07440, 564 32,86610,338

T, =(32.102 £ 0.261) ms
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Figura 2. Graficos dos comportamentos das magnetizagdes
longitudinal e transversal obtidos com IR-CPMG.

A Tab. (1) mostra um comparativo dos tempos
de relaxacdo obtidos com os métodos
convencionais, i.e., IR e CPMG, e os obtidos
com o método 2D implementado neste
trabalho.

Conclusoes

O DMRS, com o PyMR e a Linguagem F, é
uma abordagem atual e que simplifica a
criagdo e implementacéo de técnicas de RMN.
Os resultados obtidos com o método IR-CPMG,
implementado no DMRS, para T, e T, das
duas amostras s&o consistentes com os
resultados obtidos com IR e CPMG, dentro do
desvio padrédo, confirmando a precisdo e
aplicabilidade do método implementado.
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Objectives

Nuclear Magnetic Resonance (NMR) is a
non-invasive technique that includes
Relaxometry as one of its applications. NMR
Relaxometry is performed in the time domain
and provides useful information about the
dynamics and structure of atoms and molecules
in the studied tissue or material by measuring
the relaxation times T1 (longitudinal or
spin-lattice) and T2 (transverse or spin-spin).

Traditional pulse sequences, such as
Carr-Purcell-Meiboom-Gill (CPMG) for
measuring T2 and Inversion-Recovery (IR) for
measuring T1, have already been implemented
on the Digital Magnetic  Resonance
Spectrometer (DMRS) [1]. The DMRS,
developed by the Centro de Imagens e
Espectroscopia por Ressonancia Magnética
(CIERMag), uses Field-Programmable Gate
Arrays (FPGAs), allowing for flexible and
reconfigurable hardware [2]. CIERMag has also
created the Python Magnetic Resonance
Framework (PyMR) to address the need for
NMR software for experiment planning and
execution [3] and developed the F language to
facilitate the programming of NMR pulse
sequences [1].

The objective of this work is to implement a 2D
NMR Relaxometry method for the simultaneous
acquisition of T1 and T2 on the DMRS.

.Methods and Procedures

In the context of CIERMag, a method
encompasses all stages of the experiment, from
pre-processing to data processing [1]. The
implementation of the 2D method on the DMRS

involved programming the IR-CPMG sequence
in the F language and developing scripts for
data validation and processing in Python.
b TR i

b—Ti— + TE—— TE— TE— :
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Figure 1. Diagram of the IR-CPMG pulse sequence. TE is
the echo time, TR is the repetition time, n varies from 1 to
the number of echoes. 7; is the inversion time of repetition i.

The IR-CPMG method, illustrated in Fig. 1,
combines the IR and CPMG sequences. The
first radiofrequency (RF) pulse is a 180° pulse,
which inverts the magnetization from the z-axis
to -z. Following this, there is a waiting period
T\taut during which the magnetization begins to
relax back to thermal equilibrium along the
z-axis. This recovery time varies with each
repetition to map the magnetization recovery.
After the time Til\tau_iti, a 90° pulse (excitation
pulse) is applied, transferring the magnetization
to the transverse plane, where the spins start to
lose phase coherence. After a time of TE/2,
180° refocusing pulses are applied, and the
echo is formed.

The experiments were conducted at the
Instituto de Fisica de Sao Carlos (IFSC) using
a 0.5463 T permanent magnet, operating at
23.256 MHz for Hydrogen ('H) nuclei. The RF
pulses were pre-calibrated, as well as the
spectrometer's  operating frequency. The
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samples used were 1 ml of CuSO. 10g/L with
NaCl 2g/L and 1 ml of CuSO. 10g/L. The IR,
CPMG, and IR-CPMG experiments were
repeated 5 times for each sample, and the T1
and T2 values were calculated as the average
of the obtained values.

Results

The top part of Fig. 2 shows the exponential
recovery of longitudinal magnetization for the
CuSO. 10 g/L with NaCl 2 g/L and CuSO: 10
g/L samples. The bottom part displays the
exponential decay of transverse magnetization
for both samples.

CuS0O4 10 g/L with NaCl 2 g/ CuS04 10 g/L

Table 1. Relaxation times obtained with the IR, CPMG, and
IR-CPMG methods.

CuSO. 10 g/L + NaCl 2 g/L CuSO: 10 g/L

IR CPMG IR CPMG
Ty (ms) T, (ms) Ty (ms) T2 (ms)
32,948+0,543| 29,093+0,096 | 32,505+0,092 | 29,104 + 0,199
IR-CPMG IR-CPMG
Ty (ms) T (ms) Ty (ms) T, (ms)

32,102+0, 261 29,074+0,564 32,86610,338

T:=(32.102 +0.261) ms
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Figure 2. Graphs of the longitudinal and transverse
magnetization behaviors obtained with IR-CPMG.

Table 1. shows a comparison of relaxation
times obtained with conventional methods, i.e.,
IR and CPMG, and those obtained with the 2D
method implemented in this work.

Conclusions

The DMRS, along with PyMR and the F
Language, represents a modern approach that
simplifies the creation and implementation of
NMR techniques. The results obtained with the
IR-CPMG method implemented on the DMRS
for T1 and T2 of the two samples are consistent
with those obtained using IR and CPMG, within
the standard deviation, confirming the accuracy
and applicability of the implemented method.
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