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METHOD TO DISPLAY WITH COMBINED COLOUR
MULTIPLE QUANTITATIVE IMAGES OF TISSUE
PARAMETERS OBTAINED WITH NUCLEAR MAG-
NETIC RESONANCE

This invention relates to @ method to display with
combinad colours quantitative images of éissue parameters
obtained with nuclear magnetic resonance (quantitative
magnetic colour imaging, QMCI).

More particularly, this inventicn relates to a method
to synthetically represent tissue parameters by means of
pseudonatural colour images to.be employed with nuclear
magnetic resonance.

The documents mentioned herein with a reference numeral
are listed at the end of this disclosure.

Nuclear magnetic resonance (NMR) or magnetic resonance
imaging (MRI) is largely employed for tissue investigations
for diagnostic purposes (1).

The signal obtained in spin-echo sequences, which are
those most commonly employed in NMR, is given by the func-
tion:

1) S = KN(H)[a-e'TR/T1

(26 TE/2T1 417 TE/T2

wharein: by the symbol S =spin-echo signal in the NMR acquisition
sequencsas are meant, said sequences consisting in the re-
peatition of a set of two racicfrequency pulses, which are
called the 90° and 180° pulsss, the set being characterized
by the time of repetition TR equal to the interval between
the 90° pulses and by the time of acho TE which is equal to
twice the distance between the 90° and the 180° pulse, that
generates a NMR signal which is called the echo at an inter-
val TE from the 90° pulse; T1 and T2 are the longitudinal

and transverss relaxation times which are characteristic for

the voxel of the tissue to be analyzed, N(H) is the number
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of the hydrogen atoms, TR and TE are the repetition time

and the echo time respectively that charactesrize the se-~

~ quence of pulsss which is employed for the acquisition of

the image, X is an efficiency constant that varias with the '
exparimental conditions. The - VOxel ié the volume element
that contributes to the formation of the image glement.

The expraséion 1)'does not take into account second-
order effects such as,diffusion;_cnemical shift etc. The
NMR image is thus not like the X-ray computerized tomo-
graphy (CT), a map of one only physical parameter
(e.g. the elsctronic density), but it is a function of a

number of parameters that charactasrize the tissue under sxam-

ination. The main parameters among those mentioned above

are the T1-and ths T2. The proton density, which is a signal
multiplication factor, in most soft tissues has an
almost constant value, so that it is not a significative
parameter as far as the tissus characterizatioh is concarnec.
Usérs of such methodologies, in order to formulate a
diagnosis, carry out at present & number of acquisition se-
quences of said tissues varying the TR and the TE so as to
obtain a number of images with different weights of T1 and
T2. Thus a global evaluaticn is performed of such parametars
or of parameters depending on them. Such evaluation is not
absolute, but it is relative to reference tissuss such as
fatty parts, mﬁscles, the brain parenchyma, the cerebro-
spinal fluid, and so on. The remainder of the diagnostic
information comss from the morphology of the obsarvad tis-
suss. Moregver, it is to be remarkaed from the expression 1)

that in thz MMR image the T2 gives a direct contribution to

_ths formation of the signal, wheresas the Ti gives an inverss

contribution. Accordingly, with the same values of Tt1, tis-

suss having a Icngar T2 show brighter than tissues having a
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shorter T2, whereas with the same values of T2, tissues
having a longer T1 show darker than those having a shorter
T1. Such kind of representation which is that usually em;
ployed in the present NMR technology is not necessarily the
best one from the diagnostic standpoint.

Methods for the production of colour images as applied
also to magnetic resonance are disclosed in the tachnical
literature, but in all cases the images employed are those
of the MR signal (2-5). In order to modulats with different
information the chromatic components of colour images, dif-
ferent -acquisition sequences are employed. The rasults arsz
not much reproducfbie, and in addition they ars difficult
to interpret and of poor iconographic quality.

Setting forth in advances that by the term pixel it is
to be undarstood the image =lement, i.e. the matrix element
which is represented in the form of an image, it is possible
to calculate pixel by pixel the value of T2 (6) from a multi-
echo saquence (the TR value is constant while a number of
images with different TE values is obtained), so obtaining
an image of that parameter. In the same way, carrying out
two saquencas at equal TE but with different TR, it is poss-
ibla to obtain an image of T1 by numerical computation. Such
imagas, which are available on almost all commercial tomo-
graphic devices for MRI, are not much employed because of
the following reasons: B

1) the type of representation that stems from them is
somewhat wunnatural, as it is invertad with respect to the
anatomic reprasantation of the magnetic resonance signal;

2) the distribution of the values of the paramaters
lowers the contrast between some tissuss whersas it ampli-
fies such contrast for other ones to a large extent;

3) images show somewhat noisy in the background zones so
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that they are of poor iconographic quality-

The emplcyment of parametric images or maps of a par-
amater is quite common in "Diagnostic Imaging” though the clini-
cal applications are rare. The maps of the longitudinal and
transversa relaxation times T1 and T2 are rarely employed
in mégnetic resonance techniques, but many commercial types
of tomographic apparatuses are supplied with programs for
their production. The  relaxation rates R1 and
R2, which are defined respectively as 1/T1 and 1/72, have

never been employed, and least of ell no parametric images

" have bezen producec.

Such parametric images have on the contrary a diagnostic
validity which results in the advéntageousrsubstitution of
them for the signal images on whos2 basis the diagnosis is
formulated at present.

The Author of this'invention has found how to exploit -
the intrinsic multiparametric character of the magnetic res-
onance signal, as well as how to exploii some features of
colour perceptidn, and in particulér the property &ccording
to which all colours can be obtained frpm suitable‘combi-
naticn of red, green and blue light and, apart from satu-
ration phenomena, two coleurs obtained by §umming combina-
tions of .intensities of the thres chromatic components gre
distinguishable if at least cne chromatic component has 2
distinguishable intensity in the two combinations. Accord-
ingly, colour allows two or three different monochromatic
images of different colours to be represented simultaneously,
with no information loss, by simply overlapping such images,
or otherwise by projecting them simultaneously on the same

screen (a videoprojector or a colour monitor with RGB celor-

imetric coding).
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As the main parametars that characterize the tissue can
be obtained from the common magnetic resocnance techniques,
a chromatic characterization of the tissues is obtained
through the association of the intensity of a chromatic com-

5 -ponent to the value of each parameter and overlapping the
components pixel by pixel. The result consists of a single
image in which the tissuas can be recognized by their "mag-
netic colour", besides their own shape. It is evident that
the result also depends on the physical parameters reprasan-

10 ted. The Author has checked various parameters and he has
found that not only the longitudinal and the transverse
relaxation rates supply paramz2tric images of anatomic
type, with "diagnostic" distribution of the contrasts and
with very low noise, but the employment of the red chromatic

15 componant for the longitudfnal relaxation constant and of
the green (or, bettasr, the grsen + blue) chromatic component
for the transverse relaxation constant gives images With
almost natural colcur of the various tissues, and hence
images of rapid and easy interpretation even for unskilled

20 parsonnel. The technique can also be extanded to threz2 par-
ametsrs, as for instance thes proton density or other par-
ameters that can be obtained from MRI (flow, diffusion,
perfusion and so on) can be represented by the blue chromatic
component.

25 Moreover, quantitative digital images can be obtained
by such procadure which, compared to a two-dimensional chro-
matic scale supply the chromatic characterization of tissuss
while, through direct reading on regions of intersst, thay .
supply the values of the longitudinal and the transverssz

30 relaxation nrates . (and hence of the times T1 and T2) of
the tissues sc¢ visualized.

The synthetic representation of NMR information avoids
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a complex and inaccurata mental evaluation on the user's

side, such evaluation consisting in estimating, from the

various images of the same section, the tissue parametars of

a determined tissue, which is identified by. shape, position
or differsnt intensity with respect to the tissues around
the same. Once such parameters have been evalhated, the cor-
responding tissue type can be determined. By means of the
process which is the object of this invention, the associ-
ation in question is just the colour-tissue asscc1at10n
while the values of the relaxation parametars can be read
directly on the image shown on the monitor by means of a
standard reading téchnique~ through a cursor or the defi-
nition of a regicn of interest.

Accordingly, it is possibls to obtain:

"~ - a better diagnostic accuracy, becausz the caiculatien
of the tissue paramauers is extremely mors pr°c1sc than ths
subJeclee evaluation performed by the user, and becauss it
is possible to distinguish tissues with very small differ-
encies in thes relaxation constants;

- an increased sensitivity to small pathclogies. Indeed,
some small zonas of altered signal quite often are not
noticad in black-and-white images or they are mistaken for
acquisition artifacts. On the contrary, in the chromatic
rnconstructlon the evidence of the charaétaristic colour
attracts the attention of the user sven to very small anoma-
lies; 7

- 3 standardization of the acquisitien sequences and 2
reduction in the total time required for performing the exam-
ination. . 7 |
Indeed, the acquisition sequences are chosen at present
from time to time according to the suspected pathology in

order to incresase the contrast between tha pathological



WO 93/05405 -7 - PCT/IT92/00112

10

15

20

25

30

tissuas and those around the same. By means of the chroma-
tic technique, the acquisition sequences can be standardized
in order to optimize the colour iﬁage in terms of signal/ '
noise ratio. The decision times required at present between
an acquisition sequence and the next one are thus shortenad.

Accordingly, it is an object of this invention a method
for reprasenting tissue parameters in nuclear magnatic res-
cnance (NMR), said method comprising a synthetic represen-
tation step of said parameters by means of combined colour
images. Praferably, said synthatic representation comprises
the step of overlapping at lsast two images obtained with
diffarent and independent chromatic -scales.

According to a preferrsd embodiment of this invention,
said overlapping step of said images comprise: '

- partition of the pixel bitrdepth into at least two
partitions;

- comprassion of the parametric images onto the bit num-
ber of =2ach partition;

- assigning a bit partition to each parametric image;

- composition of a single matrix (with bit depth equal
to the sum of bits of the various partitions) in which the
images are overlapped;

- employment of a chromatic scale according to the RGB
colorimetric coding, in which the intsnsity changes of each
single chromatic componant are modulated exclusively by the
bits assigned to that component and independantly of the in-
tensity changas of the other components.

According to a preferrad embodiment of this invantion,
said tissue parametars ars representsd by physical parameters,
preferably by the longitudinal relaxation constant R1 and
the transverse relaxation constant R2, which are defined by
the formulas R1 = 1/T1 and R2 = 1/T2, whersin T1 and T2 are
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times which are characteristic of the voxel, or of thea volume

~ element that contributes to the formation of the image el-

ement. Preferably said R1 is representad by the red or red-

orange chromatic component, and R2 is represented by the

green chromatic component, and even more preferably by the
green-blue component. ’

According to a preferred eﬁbodiment of this invention,
said tissue parameters comprise, besidass R1 and R2, also at
least one parameter selected from among the proton density,
the flow, diffusion and perfusicn.

Again according to this invention, said method of rep-
resentation of tissue parameters in NMR, comprisas the quan-
titative measurement stap of said colour images.

This invention will be disclosad in the following with
rafersnce to somz application examples of the same which arse
not to be taken as limitations imposed on the invention it-
self. |

Example 1

A calculation orogramms has been developed which allows
parametric images to be obtained, with various NMR constants,
which are charactaristic of tissues, starting from standard

spin-echo images. In particular, parametric images are ob-

- tained of the longitudinal rzlaxation constants RI (= 1/71),

of the transverse relaxation constant R2 (=1/T2) and of the
productrof'the proton density (N(H)) for the afficiency con-
stant K, from images of the same tissus layer, coming from

a multiecho sequencs and from & spin-echo saquencs, with TE
equal to ths minimum value of the multiecho TE and with 2
differant value of TR. From the only multiecho saquence,
images of the R2 and approximats images of the R1 can be ob-

tained. Indeed, on the hypothesis that the proton density is

ty
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constant. If the value of T2 is kncwn, the values of R1 can
be obtained from the expression 1). Finally, from the multi-
acho sequenca thz partial saturation (PS) image can be ob-
tained, i.e. the image that would be cbtained by means of a
sequence with the same multischo TR and with TE equal to O.

The procedure employed for overlapping the parametric
images is as follows: '

1) the pixel bit depth is partitionsd into 2 or 3 par-
titions according to whether two or three chrematic compo-
nents ars desirad for employment, i.e. according to whether
the user wants to represent two or three parameters. The
partitions will be made up of N and M or of N, M and P bits.

2) The parametric images are compressad onto the bi£
number of sach partition.

3) A bit partition is assigned to =zach parametric image,
and images are written into ths assignad partitions of the
graphic storage.

4) A chromatic scale is employad which is so realized
that: the chromatic component assignad to the N bits which
are least significative goes from 0 to ths maximum valua in
the first ZN levels (in the cass mentioned; the first 16 lev-
els), in the sacond ZM lavels, and so on. The chrematic com-
ponent assignad to the M successive bits s constant
until the first component changes and increases each time
the first component becomes null, going from Q0 to thas maximum
value in the first 2N+M levels (in the case mentioned, in
all 256 levels that can be visualizéd); in the case of a
third chromatic componant assigned to the P successive bits,
it increasas each time the sacond component becomes 0 and
goes from O to the maximum value on the ZN“'1+P levels.

The procadure has besn widely employed by the Author

of this invention in various cases of brain pathologiss.



10

15

WO 93/05405

N o - PCT/TT92/00112

This invention has been disclosed with spacific refer-
ence to some preferred embodiments of the same, but it is
to be understood that modifications and/or changes can be
introduced in the same by those who are skilled in the art
without departing from the spirit and scope of the invention
for which a priority right is claimed.
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CLAIMS

1. A method of representation of tissue parameters in
nuclar magnetic resonance (NMR), said method being charac-
terized in that it comprises a step of synthetic represen-
tation of said paramsters by means of combined colours
images.

2. A method of representation of tissue parameters in
nuclear magnatic resonance (NMR) according to claim 1, charac-
tarized in that said synthetic representation comprises the
steps of overlapping at least two images obtained with
chromatic scales different from one another and indepsendent
of one another.

3. A method of reprasantation of tissus parametars in
nuclesar magnetic resonancs (NMR) according to claim 2 charac-
tarized in that said step of overlapping said images com-
prises: |

- the pixel bit depth partition into 2t least two par-
titions;

- compression of tha parametric images onto the bit num-
ber of each partition;

- assigning to each parametric image a bit partition;

- composition of a singls matrix (with bit depth equal
to the sum of the bits of the various partitions) in which
the imagss are ovarlapped;

- employmant of a chromatic scale atcording to the RGB
colorimetric coding, in which the intensity changes in each
single chromatic componant are modulated axclusively by ths
bits assigned tc that component and independantly of the
intensity changss in the other components.

4. A method of representation of tissue parametars in

.nuclear magnetic resonance (NMR) according to any one of the
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preceding claims, said method being characterized in that
said tissus paramaters ars répresgnted by physical pafameters.

5. A methbd of representation of tissue parameters in
nuclear magnetic resonance (NMR) according to claim 4 charac-
tarized in that said physical parameters comprise the longi-
tudinal relaxation constant R1 and the transverss relaxation
constant R2, which ars dafined by the fc}mulas Rt = 1/T1
and R2 = 1/72, wherein Tt and T2 are respectively the longi-
tudinal and the transverse relaxation times that are éharac-
teristic of the voxel, i.e. of the volume element that con-
tributes-to the fqrmatidn of the image element.

6. A method of represantation of tissue paramestars in
nuclazar magnetic resonance (NMR) according to claim 5, charac-
tarized in that said R1 is represented by the red or red-
oraﬁge chromatic component, and said R2 is represantad by
ths grzen or green-blue chromatic component.

7. A mathod of representation of tissus parameters in
nuclsar magnetic resonance (NMR) according to any one of
the preceding claims, characterized in that said tissue par-
amatars comprise, in addition to R1 and R2, also at lesast
one paramsatar salscted from the among the fcilowing: proton
density, flow, diffusion, perfusion.

3. A méthod of represantation of tissue parameters in
nuclear magnetic resonance (RMN) according to any one of
the pracading claims, ;haracterized in that it comprises a

v i

quantitative measurement step of said colour imagss.
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