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SCANNER
1

A method and apparatus for screening patients for
nervous system dysfunction including neurological capacity
and dysfunction comprises producing a patient profile of
actual functional activity of a brain of a patient and
comparing the patient profile with at least one marker
comprising a profile of predetermined functional activity at
a plurality of sets of predetermined coordinates of a given
brain geometry.
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MARKERS FOR USE IN SCREENING PATIENTS

BACKGROUND OF THE INVENTION

The present invention is directed to the sCreening of
patients for nervous System dysfunction including
neurological or psychiatric degenerative conditions.

Functional brain imaging by means of positron
emission tomography (PET) and single photon emission
computed tomograph (SPECT) is known, but up to now, has
been applied mainly for research purposes and has had
limited diagnostic applicability.

Currently, a neurological diagnosis wutilizing a
functional brain image requires the interaction of =a
CLrained physician or technologist to first manually

identify brain regions on the image using an anatomical
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SUMMARY OF THE INVENTION

The main object of the present invention is to
provide a marker for use in screening patients for nervous
system dysfunction.

This object 1is achieved in accordance with the
invention by the use of a marker having a profile of
predetermined functional activity at a plurality of sets
of predetermined coordinates of a given brain geometry.
Each set of the predetermined coordinates preferably has
a single numerical value assoclated therewith
corresponding to functional activity. Preferably, each
set of coordinates corresponds to a region of interest in
a patient's brain with each region of interest preferably
having a volume of no greater than about 1 cm3. In a
particularly advantageous embodiment of the present
invention, each region of interest comprises at least one
pixel of at least one slice of a corresponding brain scan
and the profile comprises an array of values for each
slice of the corresponding brain scan.

Each pixel has a value associated with it which is
the relative contribution of brain activity in the volume

defined by the pixel.
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In accordance with the invention, the markers are

used for the diagnosis of Parkinson's disease, Alzheimer's

disease, torsion dystonia, cerebellar degeneration,

depression, premature aging and neurological AIDS.
Another object of the present invention is to provide

a method for screening patients for nervous system

dysfunction.

This object is achieved in accordance with the
present 1nvention by a method comprising producing a

patient profile of actual functional activity of a brain

functional activity at a2 plurality of setgs of
predetermined coordinates of a given brain geometry.
The'method.preferably'comprises comparing the patient
profile with a plurality of markers for different nervous
system dysfunctions. In this way, the same scan can be

used for screening for different nervous system

through multiple brain scans is eliminated.

The plurality of markers can be for nervous system

dysfunction selected from Parkinson's disease, Alzheimer's
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dlsease, torsion dystonia, cerebellar degeneration,
depression, premature aging and neurological AIDS.

The patient profile is produced according to the
present invention preferably by calculating numerical
values of functional activities of a plurality of regions
of interest of the brain of the patient corresponding to
the plurality of sets of predetermined coordinates of the
given brain geometry. The step of calculating preferably
comprises producing a single numerical value for each
region of interest.

A further object of the present invention is to
provide an apparatus for determining the presence or
severity of nervous system dysfunction in a patient.

This object 1is achieved in accordance with the
present i1invention by providing an apparatus including a
memory storing at least one marker for a nervous system
dysfunction comprising a profile of predetermined
functional activity at a plurality of sets of
predetermined coordinates of a given brain geometry. A
pre-processor 18 receptive of data corresponding to
functional activity of a brain of a patient for producing

a patient profile of functional activity for each of a
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plurality of regions of interest of the patient's brain
corresponding to the plurality of sets of predetermined

coordinates of the given brain geometry. A processor

cross-correlates the patient profile with the at least one

marker and a post-processor determines the presence or
severity of a nervous system dysfunction as a function of
the degree of covariance for the cCross-correlation.

In accordance with the present invention, the
apparatus preferably comprises a scanner for scanning the
patient's brain to produce the dats applied to the pre-

proceéssor. The scanner preferably comprises one of a PET
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the processor cross-correlates the patient profile with

the plurality of markers. The plurality of markers

preferably are for nervous system dysfunctions including
Alzheimer's disease, torsion dystonia, cerebellar
degeneration, Parkinson's disease, neurological AIDS,
depression and premature aging.

Further 1n accordance with the present invention, the
scanner can be disposed at a remote location from the pre-
processor and thus the apparatus further comprises data
communication cilrcuitry for transmitting data £from the
scanner to the pre-processor. The communication can be
made by means of wlre or wireless transmission, can be

carried out by modem over telephone lines or by other

networking technigues.

Another object of the present invention is to provide
a method for determining the presence or severity of a
nervous system dysfunction in a patient.

This object 1s achieved in accordance with the
present invention by a method comprising providing at
least one marker for a nervous system dysfunction
comprising a profile of predetermined functional activity

at a plurality of sets of predetermined coordinates of a
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given brain geometry, producing a patient profile or
functional activity for each of a plurality of regions of
interest of a patient's brain corresponding to the
plurality of sets of predetermined coordinates of the
given brain geometry, Cross-correlating the patient
profile with the at least one marker and determining the
presence or severity of a nervous system dysfunction asg a
function of the degree of covariance for the cCross-
correlation.

In accordance with the present invention, the method
further comprises scanning the patient's brain to produce
data for the patient profile. The scanning preferably
comprises one of PET scanning, SPECT scanning and
functional MRI scanning.

The step of producing the patient profile preferably
comprises spatially filtering the data and performing a
log transform on the filtered data.

The step of determining the presence or severity of
the dysfunction preferably comprises rescaling the degree
of covariance to produce a patient's score for the marker.
Preferably, the method compares the patient's score for

the marker with the patient's previous score for that
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marker to determine the progressive changes in the

dysfunction over time.

In a preferred embodiment of the present invention,
a plurality of markers are provided and the step of cross-
correlating comprises cross-correlating with the plurality
of markers so that a single scan can be used for various
dysfunctions such as Alzheimer's disease, torsion
dystonia, cerebellar degeneration, Parkinson's disease,
neurological AIDS, depression and premature aging.

The method can preferably be carried out with the
scanning performed remotely from the processing of the
data from the scan by transmitting data from the scanner
to the location where the processing is carried out.

In a further preferred embodiment of the present
invention, the step of determining the presence or
severity of the given nervous system dysfunction is

achieved by comparing the patient's score with a

distribution of patients' scores of a patient population

having the given nervous system dysfunction, a

distribution of patients' scores of a patient population
having a different nervous system dysfunction and a

distribution of patients' scores of a patient population
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absence of neurodegenerative condltions including

Parki ‘ ' ) !
kinson's disease, Alzheimer'sg disease, torsion

and related conditions. This method may also be used as
4 S8Screen to determine whether a subject's brain function

18 age-appropriate, that is, whether or not there is
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of a marker to individual subject scans for the purpose of
diagnosis without reliance upon direct user visualization
of i1mages.

The method and apparatus in accordance with the
present invention is applicable to any functional imaging
modality, including PET, SPECT and functional MRI.
Moreover, the method and apparatus can be used with any
disease-related network in 1its analysis of individual
gcans and thus act as a marker for differential diagnosis.

For example, i1n the work-up of an elderly patient who
is felt to be cognitively impaired, the physician can pose
a variety of possibilities including normal aging,
Alzheimer's disease, Parkinson's disease, depression, etc.
The invention will produce a statistical likelihood of
occurrence for each diagnostic possibility.

The present 1invention can be used as a means of
disease detection, as a means of assessing the severity of
a particular disease and as a means of age-appropriateness
of brain function as a screening technique for the
agsessment of cognitive functioning in the elderly.

The present invention achieves the determination of

the presence or severity of the disease by cross-

10
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correlating a brain Comographic image obtained by PET,

SPECT or functional MRI as an array of pixels, with a
multi-regional Copographic marker  whose expression
indicates the presence and/or severity of a particular
disease. The cross-correlation using covariance analysis
produces a data set including a patient score which

quantifies the degrees of expression of the disease-

particular marker in the given disease, as well as

distributions of scores in populations with related but

different diseases and in normal control populations.
Based upon those distributions, a 1likelihood ratio of
having the given disease will be produced for a physician.

The marker is able to exXtract diagnostic network
information from functional brain images. Anatomical
imaging techniques, such as magnetic resonance lmaging

(MRI) and computer tomography (CT), are restricted to
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(PET), single photon emission computed tomography (SPECT)
and functional MRI have the capacity to quantify actual
regional brain function.

The markers herein allow for the identification and
measurement of small abnormalities in brain networks which
arise from multiple brain regions that are functionally
and/or anatomically interconnected. This is based on the
fact that the data from the whole brain can be analyzed as
a 8et of networks each comprising the interrelated
(covarying) metabolic activity from individual brain
reglions. The present invention explores the functional
brain data on an individual case basis for the presence or
absence of a diagnostic marker. By quantifying the extent
to which any marker is represented in a given subject's

brain image, the present invention allows a physician to

diagnose Parkinson's disease at its earliest stages,
separate drug responsive Parkinson's disease from drug-
resistant look-alikes and monitor the severity of the
illness over time. Similarly, diagnosis and/or severity
determinations can be made for Alzheimer's disease using
PET and SPECT modalities and for the assessment of the

normal aging process.

12
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The present invention is particularly useful in the
diagnosis and assessment of neurodegenerative and

psychlatric disorders. These conditions entalil primarily

Alzheimer's disease and related forms of dementia, as well

accuracy, because CT scans and MRT typically appear normal
in the face of significant clinical abnormalities.
Functional brain images with PET or SPECT can be used with
disease-related markers of the present invention to
diagnose these conditions with great accuracy. In
addition, the present invention is capable of providing an
Objective rating of disease severlity to assess the

efficacy of treatment and the rate of progression of an

1llness in treated and untreated stateg.

assessment of these disorders.

In addition, the capacity to gauge the effects of
normal aging on a case by case basis can afford
neurologists, psychiatrists and geriatricians a valuable

tool 1in determining whether 2 given individual is

13
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performing according to his or her chronological age. The
invention is therefore a wvaluable screen with which to
examine individuals suspected of having neurodegenerative
disease at an early stage prior to the development of
clear-cut behavioral deficits.

The present 1nvention is an important tool for the
clinical assessment of elderly patients in whom such a
neurodegenerative disorder is suspected, as well as in the
ongoing care of those in whom a neurodegenerative disorder
has already been diagnosed. Because of the capacity of
the present invention to provide differential diagnostic
probability information on an automated basis, the
invention has vast applicability in neurology, psychiatry,
general medicine and geriatrics.

The brain data information from the PET and SPECT
sources can also be transferred through communication
networks to remote sites where the analysis according to
the present invention can be routinely performed. An
individual subject's functional brain image can be
digitized and analyzed 1like a database at a remote
information processing center, wherein it is screened with

a plurality of markers for the presence or absence of a

14
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number of specific diseases 1in accordance with a

the numeric likelihood of a correct diagnosis.
Patient evaluation through functional brain imaging
can begin with an assessment as to whether the brain

function is appropriate for age, followed by a search

through a standardized battery of degenerative disorders

whether this conforms with the cliniecal history.
Alternatively, the scan of a patient with an established
clinical diagnosis can be Cross-correlated with a diseasge-
specific marker to gauge the progression of disease and
its response to treatment. On this basis, individuals
already diagnosed can be assessed for change over a period
of time without therapy or during the course of a1

therapeutic intervention. This Cechnology is useful for

neurological and psychiatric degenerative illnesses of the

brain.

In accordance with the invention, the diagnosis can

be performed without manually placed regions or wvisual

15
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interaction. This invention allows the brain to be
divided into a set of standardized pixels (stereotaxic
coordinates) and analyzed 1in an entirely automated
fashion.

These and other features and objects of the present
invention that will be achieved in accordance with the
present invention will become more apparent from the

following detailed description of the invention taken with

the attached drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a block diagram of the apparatus for
screening patients for nervous system dysfunction in

accordance with the present invention;

Fig. 2 1s another embodiment of the apparatus of Fig.

Fig. 3 is a flow chart of the method according to the

present invention;
Fig. 3A 1s a flow chart showing details of Fig. 3;

4

Fi1g. 4 is a flow chart of an additional aspect of the

method of the present invention;

Fig. 5 1llustrates a region of a brain and the

16
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numerical values associated therewith before processing;

and

Flg. 6 shows the region after processing with the

single value associated therewith.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, a tomographic scanner 1, such as

& PET scanner, a SPECT scanner or a functional MRTI

scanner, produces data corresponding to the functional
activity of a patient's brain. This data is in the form
of an array corresponding to the geometry of the

particular patient's brain.

For example, a PET scanner typically produces between
14 and 35 slices, with corresponding slice thickness of
between 5 and 8 millimeters. Within each slice, the size
of the array is a function of the linear resolution of the
scanner. Typically a 5 millimeter linear resolution will
be produced for 1,024 x 1,024 pixels for each slice,
whereas a 1 centimeter linear resolution will be produced
for 512 x 512 pixels per slice. In accordance with the
invention, the linear resolution should be at least 256 x

256 producing pixels ranging from .1 cm?® to 10 cm?.

17
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The output of the scanner in step 101 of Fig. 3 is an
array of data which is applied to a pre-processor 3 which
produces a patient profile from the data in step 102.

Details of the production of the patient profile
carried out 1in pre-processor 3, are set forth in the steps
of Fig. 3A. As shown therein, the data is first resized
and reoriented in step 102a to correspond to a given brain
geometry (stereotoxic coordinate system) that has been
selected for the purpose of this invention.

The given brain geometry discussed hereinafter, has
been defined using the Talairach atlas coordinates. Other
standardized brain atlas coordinate systems could also be

used to define a given brain geometry within the scope of

the present invention.
The resized data is then spatially filtered in step
102b 1n a low pass spatial filter to reduce noise and to

produce a more limited size array of data. This allows

the 1ndividual differences in brain configuration to be
minimized such that all brain slices can be placed in a
common coordinate system. The spatial filter can be a
Gaussian filter or another type of low pass filter. A

spatial filter suiltable for use herein is described in Kak

18
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and Slaney, Principles of Computed Tomographic Imaging,

IEEE Press, New York, 1987, pp. 40, 41, 226.

In Fig. 5, one region of the brain is illustrated by
a group of 27 pixels each having a volume on the order of
1 cm® and each having a numerical value associated
therewith and corresponding to the brain activity at that
pixel. The array of numbers shown in Fig. 5 correspond to
the values for each of the pixels. For example, the pixel
P;s« has a functional value equal to 2. The spatial
filtering of the array effectively produces a pixel volume
of 27 cm?® with an average value for the overall region so
that the resulting single pixel P';;x has a wvalue of 1.
Thus the resulting array will have 1/27 the number of
pixel valuesf

The pre-processor 3 also performs a log transform on
the data in step 102¢c so as to allow the subtraction of
global effects (metabolic activity that affects all brain
regions equally) from an individual's brain scan.

In step 103, the output of the pre-processor 3 .is
then cross-correlated in cross-correlator 5 with at least

one stored marker stored in memory 4. The cross-

19
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correlation 1s carried out according to the equation

; Pi.Mi

N

where P, 1is the preprocessed value for each region of

interest, M; 1s the corresponding marker value for that

region of i1nterest in which

2 M, =0
i

and N is the total number of regions of interest. This
cross-correlation with the marker produces a single
covariance value for each marker in step 104, representing

the marker's expression in that data array. The post-

processor 6 takes the wvalue obtained by the cross-

correlator and rescales the raw data 1n step 105 to
produce values between 0 and 1 which are the patient or
subject scores.

In accordance with step 106, steps 103-105 are
repeated for each marker stored in memory 4 1f a battery

of tests is called for by a physician, as set forth in

step 107.

In accordance with the present invention, in addition

to the production of patient scores, the likelihood of the

20
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patient having the dysfunction being screened for can be
further determined in post-processor 6 by the steps set
forth in Fig. 4.

In that procedure, the patient scores are input in
step 110 and in step 111, other input variables are
entered including for example, the patient's race, gender,
age, welght, and clinical and medication history. These
additional inputs allow the post-processor to normalize
the patient scores so that they can be compared to scores
of other patients with comparable demographics. The
normalized data is then compared in step 113 with data
distributions for the marker in an established population
known to have the dysfunction in question, patient
populations having different but closely related
conditions, and normal control populations. This database
is stored in memory 4.

Based wupon the comparisons with all of the

distributions, the 1likelihood of a patient having the

the doctor (step 114), which includes all of the
demographic data and the determined probability of

dysfunction. Another important feature of the present
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actual outcome of the patient in step 115 so as to make
the distributions more accurate for future comparisons.
The pre-processor 3, cross-correlator 5 and post-
processor 6, as described hereinabove, can be implemented
by a microprocessor such as an Intel 80X86, Pentium, Power
PC 6100 microprocessor and more ©preferably in a

microcomputer workstation such as those made by Hewlett-

Packard or Sun Microsystems.

For example, the system of Fig. 2 can be used in
accordance with the method to carry out the method as
described. The functions of the pre-processor, post-
processor and cross-correlator of Fig. 1 are carried out
by a CPU 10 of a microcomputer which also has I/0 12, a
memory 13 for the stored markers and databases of patient
scores, a printer 14 for letters and a display for
prompting the user.

In this embodiment, the scanner 1 can be remotely
situated in a different city, state or country, and the
functional brain data therefrom can be transmitted from
station 15 having a modem or the like wvia a wire or
wireless communications network 17 to a station 16 having
a modem or the like located at CPU 10 and interfacing with

I/0 12.

22
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Example 1

In the screening for Parkinson's disease, a patient

is injected with a radiolabeled analogue of glucose (18 p-

fluorodeoxyglucose) for PET lmaging on scanner 1 which is

a commerclally available Cenersl Electric Advance

Tomograph. The PET image consists of 35 parallel slices

Oof 4.2 millimeters with 25¢ X 256 pixels per slice.

This data isg

The pre-processor 3, which is

preferably'constituted,by CPU 10 and memory 13, stores the

data in memory 13.

Because of the difference in the size and shapes of

different subjects brains, each image slice is resized

cooxrdinate

system, preferably the Talairach Atlas coordinates.
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clarity. This data of Table II is also stored in memory
13.

The next step in the process is spatial filtering otf
the data in pre-processor 3. The results of the spatial
filtering for the data of Table II 1is shown 1n Table III.
The spatial filtering would, of course, be carried out for
all of the data in the slice and for all of the slices.
The individual pixels of Table III describe metabolic
activity over a larger spatial expanse than in Table I.
The data is spatially filtered to minimize the effects of
subject differences in brain geometry. The pixel values
in Table III are less affected by local misalignments
between the raw brain image and the given brain geometry
than the pixel values of Table I. In Table III, the data
is a single value which represents the mean of the data in
groups of 12 pixels in Table II. The data of Table III is
stored in memory 13.

In the next step, the values of Table III are log
transformed by pre-processor 3 into natural logarithmic
values shown in Table IV. The log transformation would,
of course, be carried out for all of the spatially

fFiltered data in the slice and for all of the slices. The

data of Table IV is stored 1n memory 13.

24
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coordinate system. In order to simplify the processing,

the marker is defined in terms of a series of standardized
elliptical areas encompassing pixels in the resized and

spatially filtered array, as illustrated in Table V. The

wherein

Z 1s the horizontal plane distance of the
slice from the Ac-Pc line which connects
the anterior and posterior commissures,
and 1is the standard reference line for
stereotaxic coordinate systems

X, Ye are elliptical origin coordinates

R1, R2 are principal axes radii

Ang the acute angle that either R1 or R2 makes
with the Y-axis, which is measured in the
counterclockwise direction

LH Left hemisphere

RH Right hemisphere

The value assigned to each volume of interest of the

marker Py,; is the relative contribution of metabolic

activity in that volume to the overall disease related

25
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covariance pattern. That is, in determining a patient's
assignment to a single diagnostic category using a given
marker, the relationshlips of covarying metabolic activity
between volumes with high absolute wvalues in the marker
are, relatively speaking, of greatest diagnostic wvalue.
As shown 1in Table VII, all pixels within the elliptical
area are assigned a value of 2.11 in the profile, and all
other pixels have a value of -0.01. Because each imaging
modality measures a specific aspect of local brain
function, the regional weights that comprise the marker
for any given nervous system dysfunction or for normal
aging, can be somewhat different for PET, SPECT and
functional MRI. The data of Table VII is stored in memory
13. As will be understood, each of the correlation

calculations is performed in cross-correlator 5 for each

of the 100 regions addressed in the marker.

In terms of individual slices, both a patient's
functional 1image and the marker are mathematically
represented as two-dimensional numeric arrays of
corresponding volume values. Together the sets of slices
define a three-dimensional array in which the third
dimension specifies the slice position relative to a

parallel reference line (e.g., Ac-Pc line) or plane. By

26
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rendering the patient's brain into an entlrely digital
form, the invention allows for the application of the
marker to any new brain image, and permits a completely
automated method of patient score calculation.

The result of the pixel-by-pixel multiplication of
the two arrays of Tables IV and VII is shown in Table
VIII, which 1s stored in memory 13. This correlation
would, of course, be carried out for all of the data in
the slice and for all of the slices by using the relevant
marker values in Table VI. From this data which is input
LO post-processor 6, the covariance between the marker and
the patient's profile is obtained, and this represents the
strength with which the marker pattern is expressed in the

functional image.

The pixel-by-pixel multiplication of the Tables IV

and VII resgults 1n a value of

2 PiM,

4

Of 35.215 for the pixels given in the region illustrated
in Table V. When tables corresponding to other portions
of the slice and the other slices are combined and they

result in a total covariance of 0.114. The covariance

statistic 1s a measure of the degree to which an

27
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individual expresses the given marker in his/her
functional images relative to a standardized array. In
this analysis, the degree to which each individual patient
expressed the marker was referenced to a baseline
determined by a mean array acquired across a large sample
of normal subjects.

Upon rescaling in post-processor 6, the score for the
patient is .77. The score is compared in post-processor
6 to known statistical distributions of the scores in
established populations of normals and patients with the
disease in question to determine the likelihood of the

disease. As a result, the patient is calculated to have
a likelihood of 85% that the patient is in an early stage

of Parkinson's disease.

Example 2

The patient of Example 1 is now sgcreened for
Alzheimer's Disease by utilizing the same data which is
then resized, spatially filtered and log transformed to
result in an array of data similar to that shown in Table
IV. 1In this case the spatial filtering reduces the scan
data 1n each slice to an array of 64 x 64 values. As a
result, the doctor can perform a single scan for a

patient's brain and use that same scan to screen for
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different nervous system dysfunctions. This reduces the

inconvenience to the patient.

The specific marker is defined as a table of g42

L ;

values for each slice corresponding to each pixel in the
data array for each of the 35 sgslices.

The value assigned to each pixel Py; is multiplied by
Che values 1n the spatially filtered array from the scan.
Thus a calculation is performed for each of the 642 x 135
pixels.

The combined covariance vyielded a wvalue of 0.24
which, upon rescaling, produces a score for the patient of
.15. As a result, the patient shows a likelihood of 5%

that the patient is in an early stage of Alzheimer's

Disease.
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Example 3

A patient is screened to determine whether his brain
function is age appropriate. The patient 1s subjected to
a SPECT brain perfusion scan.

As in Example 2, the resulting resized, spatially
filtered and log transformed data 1s cross-correlated with
a normal aging marker having a predetermined value for
each pixel.

The resulting covariance value 1s compared to the
distribution of values obtained in a normal population at
the same chronological age. The clinician will use the
invention to determine whether the subject's computed
neurological age is within the normal limits established
for individuals of comparable chronological age and
demographics. Alternatively, if the chronologic age of a
patient is not known, the clinician will use the subject's
computed neurological age as an estimate of the true
chronological age.

It is understood that the embodiments described
hereinabove are merely illustrative and are not intended
to limit the scope of the invention. It 1s realilzed that
various changes, alterations, rearrangements and

modifications can be made by those gkilled in the art
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without substantially departing from the spirit and scope

of the present invention.
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- .1 1.358 3.25 3.75 .408 -

.25 3.167

175 2.853
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23026 | -2.3026 -2.3026 . -2.3026 | -2.3026 | -2.3026

-0.1335 | -1.3863 | -2.3026 | -23076

1.85895 | 2.0149 | 1.60944 | 02492 | -2300¢
1.04134 | 1.67391 | 1.70475 | 1.46626 | 0.04114

-2.3026 | -2.3026 | -0.4432 | 0.81093 1.0116 | 0.41673 | -1.743 | -23026
-2.3026 L7435 | -1.1239 | -2.3026 | -23026 | 23076
-2.3026 | -2.3026 -2.3026 | -2.3026 | -2.3026 | -2.3026

-2.3026
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TABLE VI, cont.
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TABLE VIII

0.02303 | 0.02303 | 0.02303 | 0.02303 | 0.02303 | 0.02303 | 0.02303
0.02303 | 0.02303 | 0.00583 | 0.00134 | 0.01386 | 0.02303 | 0.02303
0.02303 | 0.64569 | 2.48696 | 2.7889 | 1.93337 | 0.00896 | 0.02303
0.01386 | 2.43238 | 3.92239 | 4.25145 | 3.39591 | -0.0025 | 0.02303
0.02303 | 0.01743 | 2.19722 | 3.53196 | 3.59702 | 3.09381 0.02303
!
| 0.02303 | 0.02303 | 0.00443 | -0.0081 { -0.0101 | -0.0042
i

0.02303 0.02303 0.02503 0.01743 | 0.01124 | 0.02303
0.02303 0.023053 0.02503 0.02303 | 0.02303 | 0.02303 0.02303 0.02303

0.02303

0.02303

0.02303

0.02303

0.01745

0.02303
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What is claimed is:

1. A method for screening patients for nervous
system dysfunction, comprising the steps of: producing a
patient profile of actual functional activity of a brain
of a patient; and comparing the patient profile with at
least one marker comprising a profile of predetermined
functional activity of a dysfunctional brain as a
plurality of sets of predetermined coordinates of a given

brain geometry.

2. The method according to claim 1, wherein the

step of comparing comprises comparing the patient profile
with a plurality of markers for different nervous system

dysfunctions.

3. The method according to claim 2, wherein the
plurality of markers are for nervous system dysfunctions
selected from Parkinson’s disease, Alzheimer’s disease,

torsion dystonia, cerebellar degeneration, depression,

premature aging and neurological AIDS.
4. The method according to claim 1, wherein the

step of producing a patient profile comprises calculating

numerical values of functional activity of a plurality of
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regions of 1interest of +the brain of +the patient
corresponding to the plurality of sets of predetermined

coordinates of the given brain geometry.

5. The method according to claim 4, wherein the
step of calculating comprises producing a single numerical

value for each region of interest.

6. An apparatus for determining the presence or
severity of nervous system dysfunction in a patient,
comprising: a memory storing at least one marker for a
nervous system dysfunction comprising a profile of
predetermined functional activity of a dysfunctional brain
at a plurality of sets of predetermined coordinates of a
given brain geometry; a pre-processor receptive of data
corresponding to functional activity of a brain of a
patient for producing a patient profile of actual
functional activity for each of a plurality of regions of
interest of the patient’s brain corresponding to the
plurality of sets of predetermined coordinates of the
given brain geometry; a processor for cross-correlating
the patient profile with the at least one marker; and a
post-processor for determining the presence or severity of
a nervous system dysfunction as a function of the degree

of covariance for the cross-correlation.
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7. The apparatus according to c¢laim 6, further
comprising a scanner for scanning the patient’s brain to

produce the data applied to the pre-processor.

8. The apparatus according to claim 7, wherein the
scanner comprises one of a PET scanner, a SPECT scanner

and a functional MRI scanner.

9. The apparatus according to claim 6, wherein the
pre-processor comprises a spatial filter for filtering the

data.

10. The apparatus according to claim 9, wherein the
pre-processor further comprises a circuit for performing a

log transform on the filtered data.

11. The apparatus according to c¢laim 6, wherein the
post-processor comprises circuitry for rescaling the

degree of covariance to produce a patient marker score.,

12. The apparatus according to claim 11, wherein the
post-processor further comprises circuitry for comparing a
patient marker score with a previous patient marker score

for the patient to determine severity of a dysfunction.
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13. The apparatus according to claim 6, comprising a
plurality of markers stored in memory and wherein the
processor cross-correlates the patient profile with the

plurality of markers.

l4. The apparatus according to claim 13, wherein the
plurality of markers are for nervous system dysfunctions
selected from the group comprising Alzheimer'’s disease,
torsion dystonia, cerebellar degeneration, Parkinson’s
disease, neurological AIDS, depression and premature

aging.

15. The apparatus according to claim 7, wherein the
scanner 1s remote from the pre-processor and further
comprising data communication circuitry for transmitting

data from the scanner to the pre-processor.

16. A method for determining the presence or
severity of nervous system dysfunction in a patient,
comprising the steps of providing at least one marker for
a nervous system dysfunction comprising a profile of
predetermined functional activity of a dysfunctional brain

at a plurality of sets of predetermined coordinates of a

given brain geometry; producing a patient profile of
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actual functional activity for each of a plurality of
regions of interest of a patient’s brain corresponding to
the plurality of sets of predetermined coordinates of the
given Dbrain geometry; <cross-correlating the patient
profile with the at least one marker; and determining the
presence or severlity of a nervous system dysfunction as a
function of the degree of covariance for the cross-

correlation.

17. The method according to c¢laim 16, further
comprising scanning the patient’s brain to produce data

for producing the patient profile.

18. The method according to claim 17, wherein the
scanning comprises one of PET scanning, SPECT scanning and

functional MRI scanning.

19. The method according to claim 17, wherein the
step of producing the patient profile comprises spatially

filtering the data.

20. The method according to claim 19, wherein the

step of producing the patient profile further comprises

performing a log transform on the filtered data.
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21. The method according to claim 16, wherein the
step o0f determining the presence or severity of the
dysfunction comprises rescaling the degree of covariance

to produce a patient score for a marker.

22. The method according to c¢laim 21, wherein the
step o0of determining the presence or severity of the
dysfunction further comprises comparing a patient score

for a marker with a previous patient score for that marker

for the patient.

23. The method according to c¢laim 16, comprising
providing a plurality of markers and wherein the steps of
cross-correlating the patient profile comprises cross-

correlating with the plurality of markers.

24. The method according to claim 23, wherein the
plurality of markers are for nervous system dysfunctions
selected from the group comprising Alzheimer’s disease,
torsion dystonia, cerebellar degeneration, Parkinson'’s
disease, neurological AIDS, depression and premature

aging.

25, The method according to claim 17, wherein the

scanning 1s performed remotely from the production of the
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patient profile and further comprising for transmitting

data from a scanner.

26. The method according to claim 21, wherein the
step of determining the presence or severity of a given
nervous system dysfunction further comprises comparing the
patient score with a distribution of patient scores of a
patient population having the given nervous system
dysfunction, a distribution of patient scores of a patient
population having a different nervous system dysfunction
and a distribution of patient scores of a patient

population not having the given Nnervous system

dysfunction.
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