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MANAGMENT AND DIAGNOSTIC SYSTEM
FOR PATIENT MONITORING AND
SYMPTOM ANALYSIS

FIELD OF THE INVENTION

[0001] This invention relates to systems that monitor the
health and well-being of an individual. In particular, this
invention relates to a patient monitoring system for assessing
and predicting patient needs and generating proper alerts
therefore.

BACKGROUND OF THE INVENTION

[0002] With the new inventions in the field of Information
Technology in the recent past, home-based disease-manage-
ment programs are an important application of telemedicine.
Home telecare and/or remote monitoring are rapidly evolving
towards focused care in a home or community. Their primary
role is providing support for the patient rather than the health
professional. Typical applications include the management of
chronic heart failure, Asthma, Diabetes and Hypertension.
[0003] Inthe current state of the art, Health Care Agencies
install in-home monitoring systems and configure them to
transmit various vital parameters at configured time intervals.
After completing the necessary configurations, the monitor-
ing systems transmit the different vital parameters to a Cen-
tralized Data Storage server. Once this data is available in the
Central Station, assigned Nurses monitor these vital param-
eters continuously for the wellness of patients. Apart from
monitoring these vitals or readings manually, nurses can even
configure different limits (both high and low limits) for dif-
ferent vitals. The main advantage of these limits is, if any of
the vitals’ value crosses the configured limit boundaries then
the system automatically generates an alert. With this auto
generation of alerts, nurses can effectively monitor those
patients whose vitals are abnormal.

[0004] However, for effective management and monitoring
of health conscious people, chronically ill patients and/or
elderly patients, it is essential to monitor various vital param-
eters in combination with each other. In addition to monitor-
ing vital parameters individually and taking the necessary
corrective actions, predicting trends in patient vitals can be
very useful so that preventative measures can be taken prior to
a patient becoming critical. By performing predictive analy-
sis on the patient’s historic data and generating trends there-
from, physicians would be able to take the appropriate pre-
ventative rather than reactionary steps. Therefore, a
monitoring system that could assess trends in patient vitals
and generate alerts based on those trends according to physi-
cian inputted conditions would be advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1isablock diagram of the logical architecture
for an illustrative embodiment of the claimed invention.
[0006] FIG.2 isa flowchart showing the architecture of the
rule-based analysis of an embodiment of the claimed inven-
tion.

[0007] FIG. 3 is graphical representation of data collected
by a weight sensor of an embodiment of the claimed invention
over a period of time.

[0008] FIG.4is a graphical representation of data collected
by a heart rate sensor of an embodiment of the claimed inven-
tion over a period of time.
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[0009] FIG. 5is a graphical representation of data collected
by FVC, FEV1 and weight sensors of an embodiment of the
claimed invention over a period of time.

DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENT

[0010] While the present invention is susceptible of
embodiment in various forms, there is shown in the drawings
a presently preferred embodiment that is discussed in greater
detail hereafter. It should be understood that the present dis-
closure is to be considered as an exemplification of the
present invention, and is not intended to limit the invention to
the specific embodiment illustrated. It should be further
understood that the title of this section of this application
(“Detailed Description of the Illustrative Embodiment™)
relates to a requirement of the United States Patent Office, and
should not be found to limit the subject matter disclosed
herein.

[0011] The present embodiment of the claimed invention is
directed to a patient monitoring system 10 composed of vari-
ous physiological condition sensors 14 that wirelessly trans-
mit physiological data regarding the patient 12 to a remotely
located data storage server 20. Additionally, embodiments of
the present invention can include a patient interface where
healthcare professionals 18 can ask the patient 12 various
questions about his or her condition and the answers are
transmitted to the data storage server 20 as well. The data
storage server 20 also contains historical data about the
patient 12, physiological data regarding a plurality of other
patients also being monitored by the system 10 and medica-
tion and treatment plan information for all patients.

[0012] After storage on the server 20, the data can then be
analyzed in a variety of ways. A processor and first software
analyze the data for validity and for the presence of any
trends. Second software takes the results of the first software
and at least some portion of the data and analyzes them with
at least one logical rule to determine and validate whether a
particular condition is present in the patient. The logical rule
is created and stored by a healthcare professional using a
conditional logic generator 40. The output of the second
software then can be used to generate various types of alerts
44 to both the patient 12 and relevant healthcare professionals
18. A history of these generated alerts 44 is stored on the data
storage server 20 and can be used in subsequent analyses.
Finally, third software can be employed to do further analysis
of the data stored on the data storage server 20 in order to
classify patients by a particular condition, criticality, and/or
treatment plan so that patients with similar conditions and/or
treatment plans can be readily identified. This will help the
healthcare professional to compare patient progress on a par-
ticular treatment plan and eventually assess the best medica-
tion or treatment plan for a particular disease.

[0013] Referring now to FIG. 1, a block diagram depicting
the architecture of the patient monitoring system 10 is shown.
First, data regarding a patient’s 12 physiological characteris-
tics 1s acquired through a plurality of physiological sensors
14. These physiological sensors 14 can include but are not
limited to blood pressure sensors, heart rate sensors, lung
function sensors, glucose sensors and PT/INR sensors. Addi-
tional data regarding the patient’s 12 condition can be
obtained through use of the health questionnaire 16. The
health questionnaire 16 is comprised of an interactive patient
interface as understood by those of ordinary skill in the art
where the patient 12 can input answers to a series of questions
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pre-stored by the healthcare professional 18 or asked in real
time via the interface or other means of communication. Once
the data regarding the patient 12 has been collected, it is then
transmitted wirelessly to a remotely located data storage
module 20. The data storage module includes a server 20a
where data can be stored, executable software 205 for pro-
cessing data and a storage unit 20c¢ which stores at least one
database.

[0014] Once received by the storage module 20, the
patient’s data is processed into a database so it can be readily
retrieved for further analysis. The storage unit 20c also stores
previously collected data from the patient 12, physiological
data collected from a plurality of other patients using similar
systems and medication and treatment plan data for all
patients. The medication and treatment plan data for a par-
ticular patient is input into the storage unit 20¢ by a healthcare
professional 18 through a data input interface 22.

[0015] After processing at the storage module 20, the data
undergoes data mining analyses 24 by a processor and first
software. Due to various reasons including sensor malfunc-
tion, improper configuration or improper usage, there is a
chance that data received by the storage module 20 is not
valid. Therefore, the data is analyzed by the first software for
validity and identification of false alerts using data mining
and/or OLAP principles as understood by those of ordinary
skill in the art. For instance, consider the scenario where the
reading for a patient’s weight suddenly drops from 116
pounds to 29 pounds as shown in FIG. 3. In the current stat of
the art, an alert would be generated based on this occurrence.
However, the first software is able to discard the data point of
29 pounds as invalid thus preventing a false alert from being
generated.

[0016] Next, the first software uses curve fitting method-
ologies such as linear regression or non-linear regression
and/or data mining principles to analyze for the presence of
any trends in the data. Any identifiable trends or notable
changes in the patient’s 12 physiological characteristics are
outputted by the first software. This way, rather than being
able to alert the patient 12 or healthcare professional 18 only
after the patient’s 12 condition is severe, the system 10 can
predict the onset of a severe condition and take preventative
actions. For example, if the alert limit for heart rate was set at
80 and the received heart rate value is 79.5, no alert would be
generated in the current state of the art. Moreover, the
patient’s heart rate could be rapidly increasing, as shown in
FIG. 4, indicating the onset of a serious condition but no alert
would be created. The first software mitigates these issues by
its predictive analysis thus allowing proactive rather than
reactive measures to be taken.

[0017] Next, the data and any output from the first software
are input into rule-based analysis 26 performed by a second
software. The detailed architecture of rule-based analysis 26
is shown in FIG. 2. The output of trend analysis 28 and
validated raw data 30 from the first software are input into the
rule segmentor 32. The rule segmentor 32 assesses what type
of data has been input and retrieves the appropriate logical
equations or rules from the rule data store 38. The rule execu-
tor 34 then parses and evaluates the data and/or data trends
according to the conditions of the rule or rules. Finally, the
rule validator 36 checks the outcome of the rule analysis to
ensure it is consistent with other data and analyses for the
patient 12. After this analysis, the second software then gen-
erates an output based on the results of the analysis which is
then transmitted to the alert generator 42.
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[0018] Prior to rule-based analysis 26, the healthcare pro-
fessional 18 must create at least one rule to be analyzed by
using the conditional logic generator 40. The conditional
logic generator 40 is an interface component where the
healthcare professional 18 can input one or more physiologi-
cal parameters that will define a condition of interest in the
patient 12. As those of ordinary skill in the art will understand,
the conditional logic generator 40 will then generate logical
rules based on the healthcare professional’s 18 inputs and
send them to the rule data store 38 for later use in rule-based
analysis 26.

[0019] Forexample, if a doctor wanted to generate a severe
weakness alarm, he would enter: if Appetite<3 AND (Feeble
OR Tired)>7 AND Ache>7 then create alert. Alternatively,
the doctor could create a sinus alert by entering: if A FEV1<0
AND A FVC<0 AND A Weight>0 then create alert. Even
though an alert may not be generated by this rule, valuable
information may still be obtained because the system 10 will
analyze the parameters of the rule side by side as shown in
FIG. 5.

[0020] The alert generator 42 receives the output of the
rule-based analysis 26 and generates an appropriate type of
alert 44 when necessary. The alert 44 can be in various forms
including but not limited to email notification, pager notifi-
cation, graphical output generation and other standard audio
and/or visual notifications as understood by those of ordinary
skill in the art. The alert 44 can be sent to either of or both of
the patient 12 and the healthcare professional 18. Addition-
ally, a record of each alert 44 that is generated by the alert
generator 42 can be saved on the storage unit 20¢ for potential
use in future analyses or on a separate alert data store 48.

[0021] After utilization of the rule-based analysis 26 and
accompanying infrastructure to identify various conditions
present in the patient 12, a third software can perform patient
categorization and treatment plan analyses 46. These pro-
cesses involve using the identified conditions present in the
patient 12 to search the storage server 20 for other patients
with similar conditions for purposes of disease diagnosis and
medication or treatment plan development. For instance, if a
patient is determined to have a particular disease, then the
healtheare professional 18 can do a quick search of the exist-
ing patients who have similar symptoms. Once the search
vields results, the healthcare professional 18 can quickly find
the medication plans for this disease in an orderly manner and
identify whether the plan can be applied for this patient 12 as
well. The third sofiware can also determine which of a
selected group of patients is in the most critical condition and
therefore most in need of immediate medical attention.
Patient’s 12 answers to questions on the heath questionnaire
16 as well as each physiological characteristic sensed can be
assigned a ranking. This way, the third software can identify
a patient as critical where the rank is more than a specified
threshold value and medical attention can be quickly admin-
istered.

[0022] Itwill be understood that elements 24,26, 40 and 42
could be implemented with appropriate software executed by
server 20a, or one or more additional programmable proces-
sors all without limitation. The additional processor or pro-
cessors could be proximate to server 20q, or displaced there-
from. Communication between server 20a and one or more
additional processors, as noted above could be wired or wire-
less and/or via one or more computer networks including the
Internet.
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[0023] From the foregoing, it will be observed that numer-
ous variations and modifications may be effected without
departing from the spirit and scope of the invention. It is to be
understood that no limitation with respect to the specific
apparatus illustrated herein is intended or should be inferred.
It is, of course, intended to cover by the appended claims all
such modifications fall within the scope of the claims.

What is claimed is:

1. A patient monitoring system comprising:

at least one sensor of a physiological condition of an indi-

vidual;

at least one transmittal interface capable of transmitting

collected data from the at least one sensor to a displaced
location;

a displaced data storage server;

at least one processor;

first software executable by the processor enabling analysis

of validity of collected data, analysis of trends in the
collected data and production of an output based on
these analyses;

at least one pre-stored logical rule; and

second software executable by the processor enabling the

analysis of at least some of the collected data and output
of the first software based on the at least one rule to
determine the presence of a condition in the individual,
validation of the condition in the individual and the
production of atleast one output based on the outcome of
the analysis and validation.

2. The system of claim 1 further comprising a user interface
wherein the individual is asked at least one question about his
or her physiological condition and inputs at least one answer.

3. The system of claim 2 where the at least one answer is
collected and sent by the user interface to the data storage
server and analyzed by the first and second software as col-
lected data.

4. The system of claim 1 which includes a plurality of
physiological sensors.

5. The system of claim 4 where menbers of the plurality
are selected from a class that includes at least blood pressure
sensors, heart rate sensors, lung function sensors, glucose
sensors and PT/INR sensors.

6. The system of claim 1 wherein the data storage server
includes a data storage unit with previously collected data for
the individual.

7. The system of claim 6 wherein the data storage server
includes a data storage unit with physiological data from a
plurality of patients other than the individual.

8. The system of claim 7 wherein the data storage server
includes a data storage unit with a history of all outputs
previously generated by the second software.

9. The system of claim 8 wherein the second software
analyzes the previously collected data for the individual,
physiological data from a plurality of patients and the history
of alerts in conjunction with the collected data.
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10. The system of claim 7 wherein the data storage server
includes a data storage unit with medication and treatment
information for the plurality of other patients.

11. The system of claim 10 which includes a third software
that compares the collected data for the individual to the
physiological data and medication and treatment information
from the plurality of other patients.

12. The system of claim 1 wherein the at least one pre-
stored logical rule is created by a physician or nurse interact-
ing with a conditional logic generator.

13. The system of claim 1 which includes a plurality of
pre-stored logical rules.

14. The system of claim 13 wherein the second software
segments the collected data according to each of the pre-
stored logical rules to which the data pertains.

15. The system of claim 1 wherein the transmittal interface
wirelessly transmits collected data to the displaced storage
server.

16. The system of claim 1 where the at least one output of
the second software is selected from the class including at
least email notification, pager notification, graphical output
generation, audio alerts and visual alerts.

17. A computer readable medium encoded with:

first software that determines whether entered data is valid

and analysis of entered data to identify the presence of
trends therein; and

second software that evaluates entered data according to at

least one pre-stored logical rule and produces at least
one output based on the outcome of the evaluation.

18. The computer readable medium of claim 15 which
includes third software that assesses common trends and data
points within a plurality of pre-stored data sets and sorts the
data according to at least one of its characteristics.

19. A method for monitoring the physiological condition of
an individual comprising:

connecting at least one physiological sensor to the indi-

vidual;

transmitting the collected data from the at least one sensor

to a displaced data storage server;

analyzing the collected data for validity and presence of

any trends;

analyzing the collected data with at least one logical rule;

and

generating at least one output based on the outcome of the

analyses.

20. The method of claim 19 where the at least one logical
rule is created by interacting with a conditional logic genera-
tor.

21. The system of claim 10 wherein the data storage server
categorizes the patients depending on symptoms or other
logical rule.

22. The system of claim 10 including software to analyze
parameters of the patients and effectiveness of medication
plans.
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