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Abstract 

Grahn, H. and Siiiif, J., 1992. Multivariate image regression and analysis. Useful techniques for the evaluation of clinical magnetic 
resonance images. Chemometrics and Intelligent Laboratory Systems, 14: 391-396. 

Multivariate image analysis (MIA) and multivariate image regression (MIR) techniques are useful tools in the extraction of 
info~ation from magnetic resonance images. They aid the characterization of different tissues and can be used to describe their 
size and distribution. The obtained new information can be used to monitor growth, progression and effects of a treatment. The 
methodology is illustrated by a clinical example. The ongoing development of MIA and MIR, combining parameters from different 
imaging modalities, is commented on. 

INTRODUCT ION 

Imaging and spectroscopic NMR techniques, 
magnetic resonance imaging (MRI) and magnetic 
resonance spectroscopy (MRS), are undergoing 
rapid development [1,2]. The potential applica- 
tions in medical and biological research are im- 
mense [33. The techniques that create new unique 
possibilities to characterize and describe tissue in 
normal and infirm states also permit pathological 
courses and effects of a treatment to be moni- 
tored. A major advantage is that the imaging 

procedure can be performed in viva/in situ and 
that a series of measurements can be repeated 
over a longer period of time. 

MRI is today a well-established clinical diag- 
nostic technique and has been found to be a 
valuable tool in many different areas of medical 
research. There are a number of different MR 
imagers, from whole-body to micro-imagers. New 
developments in the field of electronics and 
pulse-sequences can combine MR spectroscopy 
and imaging in a technique called volume-selec- 
tive spectroscopy, which enables extraction of in- 
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formation both about chemical and spatial com- 
position in tissue from images [4]. 

Among all the methods that generate images, 
MRI has a special place because the signal 
recorded is not the image itself, but rather an 
indirect signal that has to be transformed into an 
image. MRI techniques are also able to show the 
inside of a solid or tissue, whereas most other 
imaging techniques are based on projection of a 
surface. 

Furthe~ore, an improved re~lution (in ani- 
mal studies sometimes even better than 10 pm> 
and the possibility to chemically quantify tissue 
properties have increased the usefulness of the 
MR technique. 

MR images can also be combined with other 
forms of imaging techniques such as EEG, PET 
and SPECT. In this way, new mixed images may 
be obtained which result in information both 
about anatomy and function. 

The wealth of information that the MR tech- 
nique produces is usually presented in the form 
of images. These images can experimentally be 
weighted differently, relating different chemical, 
physical and physiological parameters. Examples 
of such parameters are macromolecular distribu- 
tion, ion concentration, diffusion, flow, pH and 
temperature. 

Quite often the complexity of the images cre- 
ate difficulties in visual inte~retation. By using 
advanced image analysis tools it is now possible 
to extract more information than is traditional in 
radiology. Modern image analysis comprises sev- 
eral new techniques, amongst others multivariate 
image analysis (MIA) [5-91 and multivariate im- 
age regression (MIR) [lO,ll]. By calculating a 
regression model between several images 
(acquired under different experimental condi- 
tions but on the same anatomical site) and re- 
lated dependent images (typically binary), estima- 
tions can be made showing tissue with the same 
MR characteristics. In this way a rational and 
effective analysis and classification of tissue can 
be performed. Fu~he~ore, the operator of the 
MR instrument can interactively use the scope of 
the technique for the design and optimization of 
the experiment. 

The purpose of this presentation is to intro- 

duce some practical principles of multivariate im- 
age regression on MR images and to show how 
these can be used and envisioned in clinical and 
pharmaceutical research using a clinical case re- 
port. 

MAGNETIC RESONANCE IMAGING 

The technique of observing the behaviour of 
nuclear magnetic spins, when placed in a mag- 
netic field, was first utilized for structure deter- 
mination in organic chemistry. 

MR imaging can be considered as an extension 
of the MRS technique. A sample (liquid, tissue or 
solid) is introduced in a spatially inhomogeneous 
magnetic field. The lineshape in the MR spec- 
trum reveals the spatial distribution of nuclear 
magnetic spins. Nuclei in different magnetic fields 
will resonate at different frequencies and the 
spectral lineshape thus obtained comprises the 
total number of resonant frequencies weighted by 
the number of nuclei resonating at each fre- 
quency. Using methods similar to two-dimen- 
sional recording and processing techniques an 
image can be constructed. 

The volume-selective imaging technique, where 
chemical information is combined with the spatial 
information from imaging, has received enormous 
attention in the past two years. This form of 
localized spectroscopy is applied to research as 
we11 as clinical imaging systems. Basicahy, the 
region of interest is selected from an image. In 
the context of multivariate image analysis, vol- 
ume-selected imaging means simply adding a new 
variable that will strengthen the statistical signifi- 
cance. 

MULTIVARIATE IMAGE ANALYSIS 

The result from an MRI study is highly depen- 
dent on the extent to which the images can be 
physically interpreted. By varying one instrumen- 
tal parameter in an experiment, one can obtain a 
totahy different image. Usually these images are 
weighted using changes in some physical environ- 
ment of the nuclei in the tissue. The contrast 
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between different tissues in a sample can be 
changed through spin interactions like the relax- 
ation rates and chemical shift. In this way, it is 
possible to distinguish between tissue like fat and 
water, making the MRI method very useful in the 
separation of soft tissues. However, there are 
cases where the MRI experimental method fails 
to discriminate between unrelated materials. The 
eye cannot discover any differences, although one 
knows there are discrete dissimilarities. Efforts to 
overcome these problems have resulted in the 
development of various texture-analysis tech- 
niques in MRI where odd behaviour in for exam- 
ple damaged tissue can successfully be discrimi- 
nated [12-131. 

Another way of analyzing images for separa- 
tion and classification is to use a multivariate 
technique for analysis of several congruent im- 
ages. A typical MRI experiment can easily pro- 
duce five to ten images, each experiment weighted 
to enhance physical features in the tissue. Image 
analysis tools for handling this massive amount of 
data have been developed in accordance with 
modern multivariate statistical analysis. 

CLINICAL STUDY, CASE REPORT 

A 44-year old female patient with a long-stand- 
ing history (ten years) of a cystic astrocytoma in 
the left fronto-temporal region of the brain. The 
pathology was first established by X-ray com- 
puted tomography (CT). At the beginning of her 
illness, the patient first showed only moderate 
psychiatric aberrations, mainly depression, but af- 
ter the onset of a more rapid tumour progression 
she also developed substantial neurological symp- 
toms. At this time she was examined using MRI, 
a technique with known superiority in the detec- 
tion of white matter diseases as compared to CT. 
The patient was undergoing treatment with cyto- 
static pharmaceutics. The drug was injected di- 
rectly into the cyst in order to achieve a high 
concentration locally in the tumour tissue. The 
effect of the treatment was followed by repeated 
examinations with MRI. One of the aims with 
these examinations was to distinguish between 
healthy and pathological tissue as well as the 

different components of the tumour. Another 
goal was to describe and visualize the distribution 
of the different tissues. 

TISSUE CHARACI-ERIZATION FROM MR IMAGES 

In order to achieve these goals, the above- 
mentioned classification technique (MIR) was ap- 
plied to a set of five MR images (Fig. la). The 
images were taken from the same slice of the 
brain, but with different pulse sequences. The 
MIR approach is discussed further in an accom- 
panying contribution in this issue [14]. 

In the MIR analysis we used three disjoint 
classification variables defining the Y block. Pix- 
els describing healthy brain tissue, solid tumour 
tissue and cystic tumour component were se- 
lected from the original grey-scale MR images 
and characterized by binary (1, 0) class belong- 
ings by the three Y variables. Fig. lb shows the 
distribution of normal healthy brain tissue. High 
intensities (bright areas> have been selected in 
order to visualize the modelled tissue. Fig. lc 
shows an estimation of the solid tumour parts of 
the pathological tissue. Finally in Fig. Id the 
cystic components of the tumour are outlined. 

DISCUSSION AND SUMMARY 

The complexity of the images provided by re- 
cently developed imaging techniques, i.e., MRI, 
CT, SPECT and PET, call for new and more 
powerful analytical tools in order to extract the 
vast amount of information hidden in this type of 
images. Possibilities to tackle this task are the use 
of MIA and MIR. 

These multivariate techniques have the qualifi- 
cations to be valuable tools to characterize tissue 
in .MR imaging. Tissue can be separated and 
individually modelled and used to predict the 
occurrence of the same tissue in another sample, 
animal or individual. In this basic form, the tech- 
nique provides a visualization of the distribution 
of different tissues. This is especially important 
for tissues having a diffuse appearance where the 
outlining is usually almost impossible in the origi- 
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Fig. 1. (a) MR images of a patient with a cystic astrocytoma in the left hemisphere of the bra Iin (to the right in the image; pati 
are observed from underneath). The images were obtained at 0.8 MHz. The pulse sequent :es used were spin-echo (upper) 
inversion-recovery (lower). The images shown constitute four in a set of a total of five use1 d in the statistical evaluation (M 
Using MIR, tumour tissue could be separated from normal brain and the tumour could be differentiated into two diffe 
components. The result is visualized in (b) healthy brain tissue; (c) solid tumour; and (d) cys tic tumour component. 
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Fig. 1 (continued). 

nal MR images. From the resulting classification 
images, the area and/or the volume of a struc- 
ture or tissue can easily be estimated simply by 
counting the number of voxels belonging to the 
predicted class. By repeated examinations the 

technique can now be used to follow the PI rogres- 
sion (e.g. growth) or t :he effect of a treatml ent. 

In a future persp ective, additional va riables 
such as info~ation fi rom MRS, or other ir naging 
modalities (CT, PET and SPECT) can be added 
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to the model. This opens the possibility to study 
the relation between form and function. From a 
practical point, it would be possible to differenti- 
ate between tissues with similar MR appearance 
but with different metabolic functions, such as 
pituitary tumours. 

Other important features for a successful tis- 
sue characterization are texture (local spatial fre- 
quency), form and spatial relation to other tissue. 
Such features can easily be included in the model, 
thus increasing the reliability of the characteriza- 
tion. 
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