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METHOD FOR DETECTING CRITICAL
TRENDS IN MULTI-PARAMETER PATIENT
MONITORING AND CLINICAL DATA USING
CLUSTERING

[0001] The following relates to patient monitoring and
diagnosing systems. It finds particular application to analyz-
ing multiple physiological parameters in multi-dimensional
space to determine a physiological condition and/or predict a
subsequent physiological condition of an individual.

[0002] Patients typically are connected to a plurality patient
monitoring devices that continuously or periodically measure
a variety of physiological data such as heart rate, blood pres-
sure, blood oxygen level, core body temperature, heart elec-
trical activity, etc. From this data as well as other data from
blood analyses, bone analyses, excretion (e.g., urine, mucus,
etc.) analyses, hormone analyses, etc., clinicians often deter-
mine a condition of the patient. Clinicians also use this data to
predict whether the condition of the patient is remaining in or
moving toward a condition (e.g., the condition is improving)
orunstable condition (e.g., the condition is declining), includ-
ing identifying one or more likely unstable conditions (e.g.,
sepsis, pancreatitis, pulmonary edema, etc.).

[0003] Conventional techniques for determining the condi-
tion of a patient include thresholding a linear combination of
the physiological data. For example, a temperature may be
compared to a range of “normal” temperatures, a pulse may
be compared to a range of “normal” heart rates, etc. Such
systems include Acute Physiology and Chronic Health Evalu-
ation (APACHE), Simplified Acute Physiology Score
(SAPS), Pediatric Risk of Mortality (PRISM), Pediatric
Index of Mortality (PIM), and the like. However, physiologi-
cal data usually interact ina nonlinear fashion. Systems based
on linear methods fail to take into account these interactions,
which are often a better indicator of the condition of the
patient relative to absolute values of individual parameters or
aset of parameters. In addition, these systems typically donot
analyze trends in the physiological data. Systems that do
analyze physiological trends commonly only analyze indi-
vidual parameters. For example, electrocardiogram (ECG)
monitors traditionally only analyze ECG signals over time.

[0004] With conventional techniques, nonlinear methods
for analyzing multi-parameter trends over time tend to be
very complex and computationally intractable.

[0005] In one embodiment, a physiological data analysis
component that determines a condition of an individual is
illustrated. The physiological data analysis component
includes an input component that receives a plurality of dif-
ferent physiological parameters of the individual. The physi-
ological data analysis component further includes a classifi-
cation component that maps these parameters to a multi-
dimensional space that has a plurality of regions
corresponding to two or more conditions. The classification
component determines the condition of the individual based
on the region the physiological parameters mapped within.
An output component of the physiological data analysis com-
ponent conveys the condition of the individual to auser of the
physiological data analysis component.

[0006] One advantage includes determining a present con-
dition of an individual from multiple physiological param-
eters.
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[0007] Another advantage resides in predicting a future
condition of the individual from a plurality of sets of physi-
ological parameters obtained at different time intervals.
[0008] Another advantage lies trending multiple physi-
ological parameters over time to infer a future condition of the
individual.

[0009] Still further advantages will become apparent to
those of ordinary skill in the art upon reading and understand-
ing the detailed description of the preferred embodiments.
[0010] The present technique can take form in various ele-
ments or steps and in various combinations thereof. The
drawings are only exemplary of selected embodiments and
are not to be taken as limiting the invention.

[0011] FIG. 1 illustrates a component that analyzes physi-
ological data in multi-dimensional space to determine a
present condition and/or predict a subsequent condition of an
individual.

[0012] FIG. 2 illustrates a computing system in which the
physiological analysis component can be employed.

[0013] FIG. 3 illustrates the physiological analysis compo-
nent as an independent device.

[0014] FIG. 4 illustrates an exemplary mapping of regions
indicative of sepsis within multi-dimensional space used to
determine a present condition of an individual.

[0015] FIG. 5 illustrates an exemplary trend of physiologi-
cal parameters in multi-dimensional space used to predict a
future condition of an individual.

[0016] FIG. 1 illustrates a physiological data analysis com-
ponent 10 that analyzes physiological data in multi-dimen-
sional space to determine a present condition of an individual
and/or predict a subsequent condition of the individual.
Examples of suitable physiological data include, but are not
limited to, heart rate, blood pressure, blood oxygen level, core
body temperature, heart electrical activity, white blood count,
hormone level, etc. For determining and predicting the con-
dition of the individual, stable conditions and unstable con-
ditions, such as sepsis, are modelled within multi-dimen-
sional space. In a preferred embodiment, this is achieved by
mapping physiological parameters indicative of particular
conditions (stable and unstable) to the multi-dimensional
space and correspondingly labelling those regions within the
multi-dimensional space (or assigning a degree of severity—
i.e., a severity metric). To determine the present condition of
the individual, physiological parameters from the individual
are mapped to the multi-dimensional space. The condition of
the individual is determined based at least in part on the region
in which the physiological parameters are mapped. To predict
a future condition, a plurality of sets of physiological param-
eters of the individual obtained over time are mapped to the
multi-dimensional space. A trend based on two or more of the
mappings is used to infer the future condition of the indi-
vidual.

[0017] The analysis component 10 includes an input com-
ponent 12 that receives the physiological data such as param-
eters representative of heart rate, blood pressure, blood oxy-
gen level, core body temperature, heart electrical activity,
white blood count, hormone level, etc. In one instance, the
input component 12 is coupled (e.g., via a data port) to one or
more physiological monitoring devices (e.g., ECG monitor,
blood pressure monitor, thermometer, etc.) that sense physi-
ological data and convey the sensed physiological data to the
analysis component 10 through the input component 12. It is
to be appreciated that such physiological data can be raw or
processed data. Additionally or alternatively. the input com-
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ponent 12 includes wired and/or wireless network componen-
try (not shown) for receiving physiological data over a net-
work, including the Internet. For example, the input
component 12 can receive physiological data from sensors
residing in a body area network (BAN), a database, a server,
aphysiological data monitor, acomputer, another physiologi-
cal data analysis component, a cell phone, a personal data
assistant (PDA), email, a message store, etc. Additionally or
alternatively, the input component 12 includes a port for
receiving portable storage (e.g., various types of flash
memory, CD, DVD, optical disk, cassette tape, etc.), which
can be used to transfer physiological data to the analysis
component 10. Additionally or alternatively, the input com-
ponent 12 can be attached to a keyboard, a keypad, a touch
screen, amicrophone, or other input device and receive physi-
ological data through such devices, for example, from a user.

[0018] A processing component 14 controls the input com-
ponent 12. The processing component 14 can access a con-
figuration from a configuration component 16 to determine a
frequency in which the input component 12 accepts physi-
ological data. It is to be appreciated that the frequency can be
defined by a user and/or automatically determined based on
historical activity, probabilities, inferences, user identifica-
tion, etc. In one instance, the configuration defines a polling
frequency, wherein the input component 12 polls other
devices (e.g., monitoring devices, computers, databases, etc.)
to determine whether physiological data is available. Such
polling can be through a uni-cast to a particular device, a
multi-cast to a group of devices, and/or a broadcast to any
device with componentry and permission to communicate
with the analysis component 10. In another instance, the
configuration may determine that the analysis component 10
should enter an idle or sleep state when physiological data is
not available and a wake state when physiological data
becomes available. The device delivering the physiological
data can send a notification and wait for the analysis compo-
nent 10 to wake up and respond (e.g., go ahead and send the
data, do not send any data, etc.) or it can simply emit the
physiological data.

[0019] The processing component 14 stores received
physiological data in the storage component 18. The stored
data can include raw and/or processed data and can be asso-
ciated with information such as an identity of the individual,
a time stamp, a medical history of the individual, a type of
data (e.g., temperature, blood pressure, etc.), an identity of the
source of the data, etc. Additionally or alternatively, external
storage (not shown) is used. For example, external storage can
be used to provide a greater volume of storage. In another
example, external storage can be used to reduce storage
requirements and/or the footprint of the analysis component
10. In yet another example, external storage is used as a
redundant back-up system.

[0020] The configuration component 16 also includes
instructions on how the processing component 14 should
process the data. For instance, the instructions can indicate
which types (e.g., ECG, temperature, blood analysis, etc.) of
data to use in a particular analysis. For example, the user may
decide to limit the types of data and/or number of types
analyzed in order to reduce processing time. In another
example, the user may desire to mitigate using particular
types of data deemed to provide little or no value in determin-
ing the condition of the individual. The instructions may also
indicate a number of data points to useina particular analysis.
For example, the instructions may indicate that a week’s
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worth of data should be captured prior to using the data to
determine a present or future condition. Once this amount of
data is acquired, the processing component 14 retrieves and
analyzes the data.

[0021] A classification component 20 determines the
present and/or anticipated future condition of the individual
based on the received physiological information. As
described above, this can be achieved by mapping physiologi-
cal parameters indicative of particular conditions to multi-
dimensional space from many individuals and labelling those
regions. Physiological parameters from the current individual
are mapped into the labelled multi-dimensional space. For
instance, physiological data representative of a “normal,” or
stable state can be used to define regions within the multi-
dimensional space, wherein an individual is deemed “nor-
mal” if his/her physiological data falls within any of these
regions. Physiological data representative of “abnormal,” or
unstable states can be used to define regions of instability
(e.g., sepsis) within the multi-dimensional space. An indi-
vidual is deemed as having the condition associated with the
region in which his/her physiological data falls within. By
way of example, physiological parameters indicative of sep-
sis can be mapped to one or more regions within the multi-
dimensional space, which regions are labelled as sepsis. Ifthe
physiological data of the individual is mapped to any of these
regions, the individual is deemed likely to have sepsis. [t is to
be appreciated that regions for different conditions may over-
lap. In such situations, the individual can be deemed as likely
to be associated with one or more of the conditions. Further
analysis can be performed to reduce the number of potential
conditions, if possible.

[0022] Subsequent measurements of physiological param-
eters are preferably mapped to facilitate predicting the future
condition of the individual. For instance, a trend based on two
or more of the mappings obtained at different time intervals is
used to infer the future condition of the individual. For
instance, the trend is used to determine whether the individual
is likely to remain in a “stable” region; move from a “stable”
region to an “unstable” region (e.g., representing a decline in
health); remain within an “unstable” region; move from one
“unstable” region to another “unstable” region; and move
from an “unstable” region to a “stable” region (e.g., repre-
senting an improvement in health). By way of example, if a
trend of the individual’s physiological data shows a progres-
sion toward a sepsis region, it can be inferred that the indi-
vidual may have or may be about to develop sepsis.

[0023] The data points used for trending are determined by
the configuration component 14. For example, if physiologi-
cal data is received and stored daily, the configuration com-
ponent 14 may deem each day a data point. Of course, other
time increments are also contemplated, e.g. hourly. A vector
is generated between each data point (or data from each day),
and a resultant vector over a number of days, or data points,
projects the future condition of the individual. Additionally or
alternatively, each individual vector is analyzed to determine
the future condition of the patient. Furthermore, the data
points are used to predict the future condition through
extrapolation, which extrapolation is used to predict a map-
ping of subsequently measured physiological parameters.
[0024] Depending on the type and source of data, the data
acquired within each time interval may be different. For
instance, temperature may be continuously measured through
a rectal probe, blood pressure may be measured hourly
through a non-invasive technique, white blood cell count may
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be determined daily, etc. Such data can be variously rolled up.
For example, the temperature can be average over the day or
some subset of time, including multiple averages throughout
a single day. For instance, temperature may be averaged
hourly and used along with the hourly blood pressure mea-
surements during analysis. In another example, the tempera-
ture and the blood pressure is averaged over the day and the
average is used along with the daily white blood cell count
during analysis.

[0025] The classification component 20 preferably
executes one or more classification or regression algorithms
on combinations of data reflective of known conditions in
order to label regions within the multi-dimensional space
and/or on physiological data in order to map measured physi-
ological parameters to the multi-dimensional space and to
label the patients condition or assign a severity metric. Suit-
able techniques, algorithms, approaches, schemes, etc.
include using one or more of the following: neural networks
(e.g., multi-layered perceptrons, radial basis functions),
expert systems, fuzzy logic, support vector machines, Baye-
sian belief networks, etc. Furthermore, the mapping can be
done through one or more look-up tables and/or expansion of
a polynomial representative the multi-dimensional space.
Moreover, the classification component 20 can be developed
or trained using various methods, including a priori knowl-
edge, various clustering techniques (e.g., k-means, k-me-
doids, hierarchical methods, Expectation Maximization
(EM)), probabilistic and/or statistic-based analysis and pat-
tern recognition techniques, or techniques associated with the
specific classifier used (e.g., backpropagation for a multi-
layered perceptron). The training algorithm would use known
unstable conditions and associated parameters, known stable
conditions and associated parameters, ranges of parameters
typically associated with stable conditions, results from
analysis, efc.

[0026] A messaging component 22 provides a mechanism
in which the analysis component 10 notifies clinicians, appli-
cations, devices, bed side monitors, etc. For instance, the
configuration component 16 may indicate that the analysis
component 10 should only transmit a notification when an
individual is moving from a stable (e.g., normal, known con-
dition, etc.) state toward an unstable (e.g., life threatening,
abnormal, etc.) state. As such, the analysis component 10 can
execute in connection with monitoring devices and/or subse-
quently process physiological data and inform one or more
clinicians when the individual is becoming unstable. In
another instance, the configuration component 16 indicates
that the analysis component 10 should only transmit a notifi-
cation when an individual is moving from an unstable state to
a stable state. In yet another instance, the configuration com-
ponent 16 indicates that the analysis component 10 should
only transmit a notification upon any change in state, includ-
ing moving from one unstable state to another unstable state.
The messaging component 22 can use various communica-
tion schemes to provide such notices. For instance, the mes-
saging component 22 triggers an audible and/or a visual
alarm at a bed side or central monitoring station. In another
instance, the messaging component 22 notifies a clinician
through one or more of a conventional telephone, a cell
phone, a pager, email, a PDA, etc. An output component 22
enables the analysis component 10 to convey collected and/or
processed data and/or results to clinicians, applications,
devices, etc.
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[0027] FIG. 2 illustrates a computing system 26 in which
the physiological analysis component 10 can be employed.
The computing system 26 can be essentially any machine
with a processor. For instance, the computing system 26 can
be a bed side monitor, a desktop computer, a laptop, a per-
sonal data assistant (PDA), a cell phone, a workstation, a main
frame computer, a hand held computer, a device for measur-
ing one or more physiological states of an individual, etc. The
analysis component 10 can be implemented in hardware (e.g,,
a daughter or expansion board) and/or software (e.g., one or
more executing application) in connection with the comput-
ing system 26.

[0028] The computing system 26 includes various input/
output (I/O) component 28. For instance, the computing sys-
tem 26 includes interfaces for receiving information from one
or more of the following: a keyboard, a keypad, a mouse, a
digital pen, a touch screen, a microphone, radio frequency
signals, infrared signals, portable storage, etc. The computing
system 26 also includes interfaces for presenting. For
instance, the computing system 26 includes interfaces to vari-
ous printing, plotting, scanning, etc. devices. The computing
system 26 further includes interfaces for conveving informa-
tion. For example, the computing system 26 includes wired
and/or wireless network interfaces (e.g., Ethernet, etc.), com-
munication ports (e.g., parallel and serial), portable storage,
etc. A presentation component 30 is used for displaying data,
prompting a user for input, interacting with a user, etc. Suit-
able displays include liquid crystal, flat panel, CRT, touch
screen, plasma, etc. Also, a danger light or audio alarm can be
sounded.

[0029] By way of example, the I/O component 28 receives
the physiological data used to generate the model and map
physiological parameters of an individual to the model. This
data is conveyed to the analysis component 10 and mapped to
a multi-dimensional model as described above. The model
defines regions which are associated with particular condi-
tions based on physiological parameters. The regions are
accordingly labelled as stable or instable, including the par-
ticular condition (e.g., sepsis), or assigned a value on severity
metric. Alternatively, once a suitable map is determined, the
map is directly loaded into analysis devices. An individual’s
present condition is determined by mapping physiological
parameters of the individual to one or more regions defined
within the multi-dimensional space and obtaining the corre-
sponding condition labels. A future condition is predicted by
trending physiological parameters of the individual over time
and inferring the future condition from the trend. The model,
individual points, and/or results can be presented via the
presentation component 30 and/or conveyed to a clinician, an
application, a device, etc. through the /O component 28.

[0030] FIG. 3 provides anexample in which the physiologi-
cal analysis component 10 is an independent device. In this
example, the analysis component 10 includes the input/output
(I/O) component 28, which is used for receiving and/or con-
veying information from and/or to other components, and is
connected to the presentation component 30. Similar to the
above, the I[/O component 28 receives the physiological data
used to generate the model and map physiological parameters
of an individual to the model and conveys results and/or data,
and the presentation component 30 presents the results and/or
data. The analysis component 10 defines regions of stability
and instability within multi-dimensional space and maps one
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of more sets of physiological parameters to determine the
condition and/or future condition of the individual as
described in detail above.

[0031] FIGS. 4 and 5 illustrate non-limiting examples for
determining a present and/or future condition of an indi-
vidual. In these exaniples, the condition is sepsis. However, it
is to be understood that essentially any condition, stable or
unstable, can be mapped to the N dimensional space. Suitable
parameters for detecting the onset of sepsis include, but are
not limited to, body temperature, heart rate, respiration rate,
systolic blood pressure, and white blood cell count. Exem-
plary parameter values that are indicative of sepsis include the
following:

[0032] Body Temperature (T): >38° C. or <36° C.;
[0033] Heart Rate (HR): >90 beats/min;
[0034] Respiration Rate (RR): >20 breaths/min, or

PaCO 2<32 mmHg;
[0035] Systolic Blood Pressure (SBP): <90 mmHg, or
Mean Arterial Pressure <65 mmHg; and
[0036] White Blood Cell count (WBC): >12,000 or
<4000 cells/microliter.
[0037] Parameters like WBC can be further delineated into
various constituent components, which may be associated
with the following “normal” ranges:

[0038] Neutrophils: 50-70%, or 7.4-10.4 thousand/cu.mm;
[0039] Lymphocytes: 20-30%;

[0040] Monocytes: 1.7-9%;

[0041] Eosinophils: 0-7%; and

[0042] Basophils: <1%.

[0043] FIG. 4 illustrates portions of regions within N

dimensional space, wherein N is an integer equal to or greater
then one, that are indicative of sepsis based on a subset of the
above criteria. Only three (WBC, T, and SBP) of the above
criteria are illustrated for purposes of clarity. However, it is to
be appreciated that other combinations with more, the same,
or less criteria, including different criteria, are contemplated.
As depicted in FIG. 4, white blood cell count represents one
dimension, temperature represents another dimension, and
systolic blood pressure represents yet another dimension. The
particular axis for any parameter may be arbitrary or not.
[0044] Using the ranges illustrated above, a plurality of
regions 100, 102, 104 and 106 indicative of sepsis are defined
within the N dimensional space, where N=3 in this example.
For explanatory purposes, the regions 100-106 are illustrated
as rectangular volumes. However, it is to be appreciated the
regions 100-106 can be variously shaped. For example, suit-
able shapes include spheres, elliptical volumes, irregular vol-
umes, etc. In addition, multiple conditions (stable and other
unstable) can be defined within one or more regions in the N
dimensional space, and such regions may or may not overlap.
Thus, a particular region within the N dimensional space may
be indicative of sepsis, sepsis and one or more other unstable
conditions, at least one other unstable condition, or a stable
condition.

[0045] A present condition of an individual is determined
by analyzing similar parameters associated with the indi-
vidual and mapping the set of parameters in the N dimen-
sional space. If the parameters map to a region labeled as
sepsis, the individual is deemed likely to have sepsis. If the
parameters map to a region labeled as stable (not shown), the
individual is deemed likely to be stable. If the parameters map
to a region with more than one label (e.g., an overlapping
region), the individual is deemed likely to be associated with
one or more conditions (not shown). For any point in the N
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dimensional space, a metric can be assigned in order to rep-
resent a sevetity or likelihood of a condition.

[0046] FIG. 5 illustrates a non-limiting example for pre-
dicting a future condition of the individual by tracking one or
more of the N physiological parameters and determining
which regions within the N dimensional space the parameters
are moving towards. In this example, only two (WBC and
temperature) of the above parameters with respect to time are
illustrated for sake of clarity. However, it is to be appreciated
that other combinations with more, the same, or less criteria,
including different criteria, are contemplated.

[0047] Inapreferred embodiment, a time-series analysis is
used to determine the likelihood that at a next increment of
time the individual will be associated with one or more par-
ticular conditions based on one or more movements within
the N dimensional space. In this example, the condition of the
individual is depicted over six days as follows: on a first day
(“DAY 17), the N parameters of the individual map to a point
at 112 in the N dimensional space; on a second day (“DAY
2”), the N parameters of the individual map to a point at 114
in the N dimensional space; on a third day (“DAY 3”), the N
parameters of the individual map to a point at 116 in the N
dimensional space; on a fourth day (“DAY 4”), the N param-
eters of the individual map to a point at 118 in the N dimen-
sional space; onafifth day (“DAY 5”), the N parameters of the
individual map to a point at 120 in the N dimensional space;
and on a sixth day (“DAY 67), the N parameters of the indi-
vidual map to a point at 122 in the N dimensional space.
[0048] An expected severity of a condition of the individual
at a next increment of time, a day in this example, can be
determined by taking the product of a metric of severity of any
point in the N dimensional space and a likelihood or confi-
dence that the individual will be in that region of the space at
the next time increment. This is preferably achieved through
a time series analysis. The particular time series algorithm
used may be based on the nature of the problem or otherwise.
In one instance, a traditional linear model, such as an Autore-
gressive Moving Average model (ARMA), is used. In other
instances, a nonlinear model (e.g., a neural network using a
window in time, a recurrent neural net with feedback, etc.) is
used.

[0049] A number of points used for predicting a next point
in time can be selected by the user. Fach time step is prefer-
ably analyzed as a vector in which a set of recent time-step
vectors is used to predict the next vector (e.g., a direction of
the next step) or determine a likelihood or confidence that the
individual will be in some neighboring regionofthe N dimen-
sional indicator space. The step size and/or step weighting
can vary depending upon the application of otherwise. For
instance, for sepsis a window of several days might be appro-
priate.

[0050] Various techniques can be used when employing
parameters sampled at different rates (e.g., temperature may
be sampled every hour whereas WBC may be measured every
8 hours). For example, for the parameter with a relatively
greater sampling rate, the samples closer in time to the less
sampled parameters can be used. In another example, a period
in which there is at least one sample for each parameter (e.g.,
a day) can be selected. For the parameters associated with
multiple samples, a mean or median value can be used.
[0051] Table 1 illustrates exemplary data for an individual
progressing toward sepsis. The time step is in days over a six
day period. The data for each day includes a representative
(e.g., mean, median, absolute, etc.) value for each parameter.
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Using a time-series analysis, the data from all six days or a
subset thereof is used to determine a likelihood that the indi-
vidual on a subsequent day will be in various neighboring
states in the N dimensional space. An assessment of an
expected severity determines whether to invoke a pro-active
intervention.

TABLE 1

Exemplary data for an individual progressing towards sepsis.

Signs and

Symptons Dayl Day2 Day3 Day4 Day5 Day6
Temperature 36 36.2 37.4 37.5 37.5 37.9
SBP 125 120 120 105 103 100
MAP 90 92 89 76 72 70
HR 66 68 80 77 89 88
RR 14 14 15 16 17 20
WBC 6.05 6.5 6.95 8.7 9.8 10.92
Neutrophils 5 5.2 5.5 6.9 7.5 84
Lymphocytes 8 9 92 95 1 1.1
Monocytes 2 27 33 56 78 .8
Eosinophils 04 .09 13 29 41 5
Basophils 01 .04 .07 .09 A1 12
[0052] The invention has been described with reference to

the preferred embodiments. Modifications and alterations
may occur to others upon reading and understanding the
preceding detailed description. It is intended that the inven-
tion be constructed as including all such modifications and
alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

1. A physiological data analysis component that deter-
mines a condition of an individual, comprising:
an input component that receives a plurality of different
physiological parameters of the individual;

aclassification component that maps the plurality of physi-
ological parameters to a multi-dimensional space having
a plurality of regions corresponding to two or more
conditions and determines the condition of the indi-
vidual based on the region the physiological parameters
mapped within; and

an output component that conveys the condition to a user of

the component.

2. The physiological data analysis component as set forth
in claim 1, wherein the classification component maps two or
more sets of physiological parameters obtained at different
time intervals and predicts a future condition of the individual
based on a trend derived from the mappings.

3. The physiological data analysis component as set forth
in claim 2, wherein the classification component performs a
time-series analysis to determine the trend.

4. The physiological data analysis component as set forth
in claim 2, wherein the classification component generates
the trend by connecting two or more mappings through a
vector and extrapolating subsequent mapping.

5. The physiological data analysis component as set forth
in claim 2, wherein the physiological parameters mapped to
the multi-dimensional space include one or more of the fol-
lowing:

temperature;

heart rate;

respiration rate;

systolic blood pressure; and

white blood cell count.
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6. The physiological data analysis component as set forth
in claim 1, wherein the classification component maps the
physiological parameters to the multi-dimensional space
through one or more of the following techniques: clustering,
k-means, k-medoids, Expectation Maximization (EM), neu-
ral networks, hierarchical methods, probabilistic analysis,
statistic analysis, a priori knowledge, classifiers, support vec-
tor machines, distance measures, expert systems, Bayesian
belief networks, fuzzy logic, pattern recognition, interpola-
tion, extrapolation, data fusion engines, look-up tables and
polynomial expansion.

7. The physiological data analysis component as set forth
in claim 1, wherein the physiological data includes two or
more of heart rate, blood pressure, blood oxygen level, core
body temperature, heart electrical activity, white blood count,
and hormone level.

8. The physiological data analysis component as set forth
in claim 1, wherein the classification component defines one
or more regions of stability within the multi-dimensional
space by mapping physiological parameters indicative of a
stable condition to the multi-dimensional space and labelling
these regions as stable.

9. The physiological data analysis component as set forth
in claim 1, wherein the classification component defines one
or more regions of instability within the multi-dimensional
space by mapping physiological parameters indicative of an
unstable condition to the multi-dimensional space and label-
ling these regions based on the unstable condition.

10. The physiological data analysis component as set forth
in claim 1 wherein the unstable condition regions are prede-
termined for patients previously diagnosed with each
unstable condition.

11. The physiological data analysis component as set forth
in claim 1, further including a messaging component that
transmits a notification when the condition ofthe individual is
predicted to change.

12. The physiological data analysis component as set forth
in claim 1, further including an output component for con-
veying at least one of collected data, processed data, and
results.

13. A method for determining a condition of an individual,
comprising:

receiving a plurality of physiological parameters of the

individual; and

determining the condition of the individual by mapping the

plurality of physiological parameters to a region in
multi-dimensional space that correlates to a particular
condition.

14. The method as set forth in claim 13, further comprising:

mapping at least one other set of physiological parameters

obtained at a different time interval; and

predicting a future condition of the individual based on a

change between the mappings.

15. The method as set forth in claim 14, wherein the change
is represented as a vector progressing towards the future
condition.

16. The method as set forth in claim 13, further including:

using a multi-dimensional clustering analysis to generate a

vector based on the plurality of received physiological
parameters.

17. The method as set forth in claim 13, further including:

defining one or more regions within the multi-dimensional

space by mapping physiological parameters indicative
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of one or more conditions to the multi-dimensional
space and labelling these regions.
18. The method as set forth in claim 13, further including:
conveying at least one of a message indicative of the con-
dition of the individual, a message indicative of a future
condition of the individual, and the physiological
parameters.
19. A computer programmed to perform the method of
claim 13.
20. A method for determining a present and a future con-
dition of an individual, comprising:
identifying regions of stability and instability within multi-
dimensional space;
receiving a set of physiological parameters of the indi-
vidual;
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determining the present condition of the individual by
mapping the set of physiological parameters to the
multi-dimensional space in which the condition of the
individual is based on the region the physiological
parameters mapped within;

receiving one or more additional sets of physiological
parameters of the individual, each set obtained at a dif-
ferent time;

mapping the one or more additional sets of physiological
parameters within the multi-dimensional space;

generating a trend based on the mapped sets of physiologi-
cal parameters; and

projecting a future condition of the individual based on the
trend.
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