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Abstract

In the field of Nuclear Magnetic Resonance, the capability to distinguish or filter the signals of different parts of a sample plays a key role in many applications. For example, in the medical field, such a possibility allows to improve the image contrast and the
identification of the different tissues inside the human body. In oil and gas petrology, the characterization of different saturating reservoir fluids permits a better optimized exploitation [1, 2]. Regarding T1 filtering, literature reports many sequences dedicated to
signal selection such as Short Time Inversion Recovery and Multiple Inversion Recovery [3], but usually these techniques allow the selection of only a discrete number of T1 values at which the signal is to be suppressed.

Parametrically Enabled Relaxation Filters with Double and Multiple Inversion [4, 5, 6] (PERFIDI) is an innovative technique which implements T, filters but, in contrast to standard selective sequences, it allows to filter the signal associated with a selected range of T,
values. PERFIDI filters, de facto, act somewhat like electronic band-pass, low-pass and high-pass filters. They have been developed and tested in both Nuclear Magnetic Resonance Relaxometry and in Magnetic Resonance Imaging.

Here we present a summary of this innovative filter technique, up to this point of its development, describing the validation of the method and the application to different kind of samples, all characterized by a continuous T, distribution, such as biological tissue and

oil-water saturated porous media.

General PERFIDI Filters time scheme
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In terms of T, disribution:

PERFIDI in Relaxometry: theoretical feasibility study and an experimental test

Simulation of PERFIDI effects with respect to the d, delay (left three columns) and T, peaks distance:
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PERFIDI in Relaxometry.
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Conclusions:
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* FAST-PERFIDI: good results as much as the T,
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1000 0.256 0.327 22 experimental ones reach 20%.

PERFIDI in Imaging. Application on a system model and the protocol:
1. The model system and the tomograph: 2. The sequence PERFIDI-SE and its equation:
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PERFIDI Filter procedure:

Acquisition of PERFIDI SE and PERFIDI OFFSET images;
Restoration of the signal sign pixel by pixel (by processing
the raw data);

Linear combination of the PERFIDI SE and of the OFFSET

images:
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4. Results:
PERFIDI filter high-pass:
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the model they are in phase opposition.

The application of PERFIDI filters on a synthetic two-

Goniometric plot of the phase being from 10 selected Component Sample produced the expected resuItS.
pixel of PERFIDI_200 phase map: 5 in correspond to ) . .
EDTA_45 and 5 correspond to EDTA_800. As predicted by The PERFIDI high-pass and the low-pass filters, acting on

components with given T, relaxation time distributions,
have produced high contrast images.

PERFIDI in Imaging: application on porous media phantoms

1. Malta stone: 2. Vicenza stone:

Two concentric core have been obtained from a cylindrical sample. The inner core has  Outer core: 20 mm diameter; 30 mm height, saturated with pure water, T,= 800 ms;
been filled with Soltrol oil, which is characterized, inside the pore space, by a T; Inner core: 8 mm diameter; 30 mm height, saturated with Soltrol oil 170, T,= 70 ms.

distribution centered around 700 ms. The outer core has been filled with water,

which, inside the pore space, shows a T, distribution centered around 70-80 ms.
In this way it has been possible to obtain a wide T, distribution sample.

Malta Stone
60000 —

[ LapsrSE con TE=18 ms.

50000 [~ Oil & water porous media o Rl
L Xeig= 108100 T e B T T

--Peaks (ms); 675587 i1 ; : i

[ Percentage Water: 51 %

[ Percentage Oil: 49 %

30000 [—--i--i-iiHHe b f-d-b

40000

Water

Signal (a.u.)

20000

10000

FIIFTH I R
1 10 100 1000
Ty (ms)

) il Lol

0

.—IIIIIII

PERFIDI filter high-pass: PERFIDI filter low-pass:

50

100 100 E

150 §

1580

200 a0 B

250 250 §

50 100 150 200 250 50 100 180 200 250

Signal per neper of T (a.u.)

80000

70000

60000

50000

40000

30000

20000

10000

0

lllllllIlllllllllllllllllllllll

1

10

100
Ty (ms)

1000 10000

PERFIDI filter low-pass:

PER
prel

50 -‘ e *
100 '1
1502
200 -‘ ; _r: ; "._;.__ e 7

250 (AT

FIDI in Imaging:
iminary results on a biological tissue (pork

loins) [7]

PERFIDI filter high-pass:

PERFIDI filter low-pass:
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application of PERFIDI filter sequences, combined with the use of the

PERFIDI sequence mathematical model, on a two-component model sample,

uced the expected results.

* The use of the MRI PERFIDI sequences on a sample with a wide T, distribution,

as an oil-water saturated porous media sample, has shown that these T,

filtering techniques can effectively be used on samples characterized by
conti

inuous distributions of T, showing, for example, the spatial distribution of

the fluids.

* The next steps of the research will be the reduction of the measurement time
and the enhancement of the image contrast.
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Notes:

* Image processing made using Matlab;
* Relaxation measurement are made using a a full size coil by Stelar (Mede, It
* Relaxation T, distribution elaborated using the UPEN algorithm [8].

Future work:

Apply PERFIDI in NMR Spectroscopy!!!
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