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S57) Abstract: A patient care distribution and management system (1) is provided. The system (1) allows for the seamless roamin
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B of a patient within a particular medical facility or between medical facilities. The system (1) includes body area network (BAN),

&= management agents (4) which process data within specified parts of a defined operational remit of a medical facility; a BAN hub

& agent (7) associated with each patient (10) that communicates with a BAN management agent (4) and stores patient data delivered

& thereto by medical telemetry monitor diagnostic devices (MTMDD’) (8) connected to each patient (10). The essential feature of
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the system is that the BAN hub agent (7) has relatively little processing power compared to the BAN management agent (4) which
feeds it with patient monitoring rules to monitor the patient condition and to enable the BAN hub agent (7) to set off alarms etc. as
required.
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The present invention relates to a method for the collection, analysis and distribution

of patient data from a patient staticnary or moving within various operational remits' of

5 a medical facility to provide patient condition daté to patient cafe staff in accordance
with monitoring rules where at least one medical telemetry monitor diagnostic device
(MTMDD) is attached to the patient with an associated body area network (BAN) hub

agent for the collection and processing of patient diagnostic data when a patient is
assigned to one of the operational remits of the medical facility. Further, the invention

10 provides a patient care distribution and management 'system. Such a specified
operational remit, of a niedical facility can be one or both of a predetermined
geographical area within or outside the medical facility, a transporter moving a patient

within or outside the medical facility or indeed a particular patient condition.

15 It 1s known, for example, to secure many MTMDD's to a patient and to download
information from the MTMDD's to some central processor, to analyse the downloaded
data which Is then compared with reference sets of measurements to determine
whether a patient condition requires medical intervention or not. Indeed, there are
many such systems, such as described in US Patent No. 6,290,646 (Cosentino et al),

20 US Patent No. 6,443,890 (Geva) and US Patent No. 6,577,893 (Besson et al). The
patents describe how the MTMDD's gather data about a patient's condition and
compare it with stored information. The dat'a Is obtained from the patiént and then
analysed remote from the patient. In other paténts, such as US Patent No. 6,221,011
(Bardy), US Patent No. 6,607,485 (Bardy) and US Patent No. 6,544,173 (West et al),

25 there is described methods which do not, strictly speaking, actively examine patient

data but the patient condition is determined by comparisons with reference sets of

measurements or some other expert system rules.

In any of the systems heretofore described, where there is an active “training”, using
30 machine learning or other techniques. This training Is carried out within the system
leading to very unwieldy, costly and powerful processing equipment being required.

While undoubtedly there are many systems described relating to machine learning for

patient diagnostics, heretofore they have not been satiéfactory in that the amount of
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processing required has been inordinate.

A further problem is that, iIn most facilities, the need to provide the roaming of patients

within the facilty and information sharing between cooperating facilities has been

5 difficult heretofore. Such roaming may require the handing ovef as it were the care of
the patient from one set of medical personnel to another set. Thus, for example, i is
necessary to provide for Internal roaming of MTMDD'’s within a single facility, for
example, a patient being moved from an emergency room to a ward or department

within the tacility. The problem is then to transfer the control of the particUlar MTMDD

10 from the emergency room to the ward or department and similarly, to monitor the
patient, as the patient Is being transferred. Exactly the same problems arise, for
exampie, when a patient Is being transferred from one medical facility to another,

such as by ambulance from one hospital to another hospital. Thus, while the
MTMDD's, in many instances, work satisfactorily, they are difficult to manage and

15 organiéé withih the medical facility to support internal roaming and then to promote
external roaming beyohd the facility. What is needed is a seamless transfer of a
patient's care from one set of medical personnel to another set of medical personnel

~ within the same medical facility or between medical facilities, whether physically

adjacent or geographically remote.

20
Further, it is very important to detect when thers has been a breakdown in
communications between the MTMDD'’s and the mon‘rtoring personnel.
Statements of invention

25 -

According to the invention there is provided a method for the collection, analysis and
distribution of patient 'data from a patient stationary or moving within various
operational remits of a medical facility to provide patient condition data to patient care
staff in- accordance with monitoring rules where at least one medical telemetry
30 monitor diagnostic device (MTMDD) is attached to the patient with an associated
body area network (BAN) hub agent for the collection and processing of patient
diagnostic data and on a patient being asSigned to one of the operational remits of

the medical facility the method comprising:
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defining the diagnostic data to be collected on a separate BAN

management agent for the operational remit;

defining initial training monitoring rules to be appli'ed to the diagnostic

5 data to provide patient condition data;

sending from the BAN management agent to the BAN hub agent the
initial training monitoring rules ahd the diagnostic data to be collected to
provide the required patient condition data: ' '

10
collecting diagnostic data at the BAN hub agent and providing patient

condition data to the BAN management agent;

collecting for the same diagnostic data patient condition data from

15 patient care staff;
comparing the two sets of patient condition data:

amending, as necessary, the initial training monitoring rules to provide
20 operational monitoring ruies; inputting the operational monitoring rules

from the BAN management agent onto the BAN hub agent;-

continuing in a real-time operational phase to collect new diagnostic
data from the MTMDD;

25
applying the operational monitoring rules to the patient diagnostic data

in the BAN hub agent to provide patient care data; and

the BAN hub agent carrying out the necessary communication with the
30 patient care staft having a responsibility assigned to them for the
particular patient, having regard to thé patient care data produced and
_ the monitoring rules. ' ,
- There are certain major advantages according to the present invention in that more

efficient bed management and more efficient patient care may be achieved. For
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example, with the present invention it will be considerably easier for departments
within the hospital to share beds Without the control of the patient transferring from

one department to another. It will also be easier for example if the first department or

ward in a hospital transfers some of its patients to another ward for that first ward

5  which is ultimately responsible for the patient, to track and monitor the patient's
condition. It will greatly faciiitate the work flow effectiveness in the hospital and will

also allow this flexibility of movement and mobility of patients because the monitoring

of the patient’'s condition will not be affected by the fact that internal roaming is
occurring within the hospital. Also when for example a patient has moved from one

10 department in the hospital to another department the original department with that
patiént‘s care responsibiiity residing in them will be able to locate the patient and in

the event of an emergency will be able to quickly have the requisite medical attention

for that patient.

15 In one method according to the invention when the processing of some of the patient
condition data requires considerable processing capacity, the patient diagnostic data
is first sent to the BAN management agent for processing into a form suitable for the
BAN hub agent to apply the monitoring rules. The advantage of this is that the BAN
hub agent can have relatively little processing power while the BAN management

20 agent can do most of the processing.'This is particularly advantageous since
generally BAN hub agents will be devices powéred by batteries and if too great

processing power is required of such BAN hub agents they will continually fail due to

lack of power.

25  Another method according to the invention the patient diagnostic data Is downloaded
to the BAN management agent from the BAN hub agent for subsequent processing.

This means that processing can occur off-line.

in one method according to the invention when on examination of a patient by patient
30 care staff, the patient condition data is downloaded to the BAN hub ménagement '
- agent, the operational monitoring rules are amended, as necessary, and are inputted
as new operational monitoring rules into the BAN hub agent to replace the existing

rules. This allows for ongoing off-line training.
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In one way of carrying out the invention each patient is initially classified as an
identified class of patient by patient care staff having regard to the assessment of
each patient's medical condition, general physical and other lifestyle characteristics.
This allows for a quick choice of various initial training monitoring rules to be made.
5  With this latter method the initial training monitoring rules are chosen having regard

to the identified class of that patient.

In one way of carrying out the invention, each patient's diagnostic data and patient
condition data are stored by the BAN management agent as they are provided by
10 class of patient and the initial monitoring rules are reviewed and altered over time for
each class of patient. By having classifications of patients it is envisaged that in due

course many sub-classifications will be devised and a considerable amount of useful

data can be stored to facilitate patient care generally.

15 In another method according to the invention when the communication with the
patient care staff requires the issuing of an alarm whllch Is subsequently determined
by patient care staff to be a false alarm being spurious, the patient care staff may
optlonally input to the BAN management agent an alarm suppression for that patient
in similar circumstances and then the BAN management agent amends the

20 operational monitoring rules for that patient and inputs the new operational monitoring
rules to the BAN hub agent. This allows for the suppression of an alarm for one
particular patient because a doctor or other patient care specialist realises that for

that particular patient the operational mohitoring rules re'quire adjustment}

25 In another method according to the invention when the communication with the
patient care staff requires the issuing of an alarm which is subsequently determined
by patient care staff to be a false alarm being spurious, the patient care staff may
Optionally input to the BAN management agent a shared alarm suppression for that
class of patient in similar circumstances and then the BAN management agent

30 amends the monitoring rules for that class of patient and inputs the amended
monitoring rules to the BAN hub agents of that class of patient. In this way groups or
classes of patients may have their operational monitoring rules aitered so as 1o

prevent a large amount of false alarms.
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In another embodiment of the invenfion on a false alarm being raised and no input is
received from the patient care staff the patient diagnostic data and patient condition

data are stored in the BAN management agent for subsequent énalysls and possible
revision of the operational monitoring rules by patient care staff off-line. This S

5 particularly advantageous because it must be appreciated that very often patient care
staff can bé very busy. There can, for example be a crisis occurring in a particular

ward or medical facility and when a false alarm Is raised the patient care staff don't

have time to do any work on the false alarm but simply to delete that spurious alarm

and carry on with the more important work required. This, however, allows such data

10 to be stored off-line and subsequently to be considered and possibly used to change

the operational monitering rules.

In another method according to the invention on a patient and BAN hub agent moving
from a first operational remit of a medical facility to a second operational remit, the
15 new seCond BAN management agent of the second operationa'l remit contacts the
first BAN management agent of the first operational remit and downloads the relevant
data and monitoring rules for subsequent use. This allows roaming between and
within the facility. On a modification of this method on downloading the operational
monitoring rules, the second BAN management agent reviews and amends, as
20 appropriate, the operational monitoring rules having regard to the charaoteristlcs of‘ its

operational remit.

One method according to the invention, the BAN management agents download data
to other BAN management agents for use by all the BAN management agents.

25
In one method of carrying out the invention on a patient and BAN hub agent moving
from the operational remit of a first medical facility to that of another second medical
facility the first medical facility'sends all relevant patient data to the second medical
facility. This facilitates roamin'g'betweeh various facilities and could for example

30 facilitate the transfer of a patient from a hospital in one city to a hospital in another.

In accordance with one method of the invention the BAN management agent senses
and stores the physical location of the BAN hub agent for ease of location. This can

be of vital Importance to patient care staff in the sense that they know where all their
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patients are such that if an emergency arises the patient can be quickly located or
indeed if the patient is simply required for routine examination the medical care staff

can quickly locate the patient and make the necessary decision regarding

examination,
5
In another method according to the present invention on a breakdown of
communications between the BAN hub agent and the BAN management agent one
or more of the steps of:
10 causing an alerting alarm at the BAN hub agent;
causing an alerting alarm at the BAN management agent;
causing an alerting alarm for those patient care staff having a responsibility
15 assigned to them for that particular patient; and

re-establishing communications by way of an alternative standby

communications system, are carried out.

20 This is most important as one of the biggest problems with many of the wireless
communications now being used more extensively in medical facilities is the fact that
communications can break down for relatively simple reasons. Therefore it Is vital
that patient care staff be aware that the particular patient is out of commun'ications. It
also may be very important that they know exactly where the patient is located as the

25 location may make it obvious to the patient care staff why communication has broken
down. But it is also very important to be able to have some way of restoring the N

communications or if not of restoring it causing an alerting alarm to be raised.

According to the invention there is provided a patient care distribution and

30 management system comprising:

a plurality of medical facility agents each having means to provide
information relating to patients within a defined operational remit of a

medical facility;
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a medical facility registry having means to allow individual medical
facility agents to identify, locate and interact with other medical facility
agents,

body area network (BAN) management agents for the collection and
management of data within specified parts of the defined operational

remit:

10 | a BAN hub agent associated with one patient for communication with a
BAN management agent and for the storage and processing of patient

data;

medical telemetry monitor diagnostic devices (MTMDD) for connection

15 to each patient for the collection and delivery of patient data to each
BAN hub agent;

monitor agents for communication with each BAN management agent
for use by patient care staff to receive and transmit information relevant
20 to the BAN hub agent of a specific patient;

communication means for connecting the medical facility registry with

the medical 'facility agents the medical facility agents with the BAN
management agents and the BAN management agents with the BAN

25 hub agents and the monitor agents; and

communications transfer means for connecting' a BAN hub agent to a
second BAN management agent on moving from the operational remit

of a first BAN management agent to the operational remit of the second

30 BAN management agent.

This facilitates the seamless roaming of a patient within a particular medical facility

between the various smaller facilities making up that major medical facility.
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In one embodiment of the invention communication transfer means comprises:

a physical sensor to detect the presence of the BAN hub agent in a

defined operational remit;

5
a network broadcast mechanism; and
means to identify the BAN management agent associated with the
operational remit.
10

it Is very important to have reliable means to locate patients and to identify the

necessary BAN management agents associated with the operational remit.

In a further embodiment of the invention there is provided a system in which the
15 monitor agents associated with the BAN management agent are adapted to receive
communications relating to some or all of the patients within the part of the defined

Operatibnal remit associated with the BAN management agent. This greatly facilitates

the work for patient care staff.

20 In another embodiment of the invention means are provided to detect the breakdown
" in communications between the BAN hub agent and the BAN management agent

sald means causing one of the following:

an alerting alarm at the BAN hug agent;

25

an alerting alarm at the BAN management"agent;

an alerting alarm at, at least some of the monitor agents; and
30 the initiating of an alternative standby communications system.

This is particularly important so that patient care staff will be alerted when

communications with a particular patient have been terminated. In certain instances it

may be of relatively little importance, in others it may be very important.
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In another system according to the invention each BAN management agent
comprises processing'means for the reception and processing of patient diagnostic
data from the BAN hub agents; data from the monitor agents and other relevant data

5 to provide monitoring rules for mapping patient data to provide patient diagnostic data
and for transmitting the monitoring rules to each BAN hub agent within the defined
Operatiimal remit of the BAN management agent and in which each BAN hub agent
comprises processing means for reception of the patient data and for applying the
monitoring rules to the patient data to provide the required patient condition data.

10 This allows for the clear sepa'ration of the processing between the BAN management
agent and the BAN hub agents thus ensuring that you can have BAN hub agent of
.relatively low processing power with a BAN management agent of as much

processing power as is required.

15 In a further embodiment of the invention each BAN management agent has
proceséing means comprising means for the recebtion of patient operational
monitoring rules from a first BAN hub agent on the BAN hub agent and patient
moving to the operational remit of that second BAN hub agent and to modify the
operational monitoring rules having regard to the operational remit of the second BAN

20 hub agent. It has to appreciated that one might have much more stringent operational
monitoring rules for a patient wheh they're, for example, in intensive care than when
they are in recovery and thus it is necessary that the operational monitoring rules
change as the patient comes under as it were the care of a different BAN
management agent because that BAN management agent may have a different \

25 operational remit than the previous BAN management agent dealing with that specific

patient.

Detajled Description of the |nvention

30 The invention will be more clearly understood from the following description of some

embodiments thereof, given by way of example only, with reference to the

accompanying drawings, in which:

- Fig. 1 1s a stylised diagrammatic view of the system,
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Fig. 2 is a flow chart illustrating a training phase,
Fig. 3 Is a flow chart illustrating one aspect of the invention, and

Fig. 4 is a flow chart illustrating alarm suppression.

5 In this specification the term operational remit is used to define the area of
responsibility of for example a particular'department within a hospital. Such an area
could for example be a specified geographical location within a medical facility
namely the actual department itself, it could be a transporter for moving a patient
around the facuity such as for example hospital trolleys where there would be a

10 department of porters etc., it could be an ambulance for moving the patient out of one
hospital to another In which case the medical facilities would be the two hospitals and
the area of responsibility of each hospital might be defined by a geographical area,
but the ambulance In turn would have an operational remit for the patient, similarly it
could be an unspecified geographical location external of a medical facility. Finally, it

15 could be simply a more broad treatment-based operational remit namely a particular
patient, or indeed all those patients having a particular medical condition. For
example, within a hospital you might have a cardlac department which would be
responsible for all cardiac patients within the whole hospital. Thus the situation could
possibly arise where more than one medical facility within a hospital had an

20 operational remit that overlapped. For example, and- still dealing with a cardiac
patient, you might have a department within the hospital that was responsible for

everypody within the hospital but also might share or indeed abrogate that

responsibility to, for example, the cardiac department.

25 Referring to the drawings and initially to Fig. 1, thére s illustrated a distribution and
manag;ment system for portable medical telemetry and diagnostic devices, indicated
generally by the reference numeral 1. The system (1) is illustrated for a number of
medical facilities, each having a medical facility agent 2(a) to 2 (h). Subscript letters
are not used in the description unless when required to distinguish between units. A

30 medical facility registry (3) is associated with the medical facility agents 2(a) to 2(h).

' The medical facility could be a whole hospital, and thus each of the médical facility

agents represents the hospital. Equally the medical facility could be a division or

centre within 'a hospital. Thus, in this dascription, the medical facility agents 2 (a) to

2(h) are each assoclated with relatively large departments within the hospital. [n turn,
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associated with each medical facility agent, and only shown for medical facility agent

2{b), is a number of body area network (BAN) management agents 4(a), 4(b) and

4(c) which would represent part of the defined operational remit of each medical
facility agent. For example, as stated above, they might be wards within a specific

5 department or might indeed be, for example ambulances within a transport
department or organisation which would be represented by that medical facility agent

2. These BAN management agents 4 are, in turn, connected to a patient record
database 5, monitor agents 6(a) and 6(b) and BAN hub agents 7. The BAN
management agent 4(a) i1s shown connected to the BAN hub agents 7(a) to 7(f). The

10 monitor agents 6 are devices such as hand-held devices that will be available to
medical personnel but could, for example, be fixed computers or the like, at desks or

other stations.

Each BAN hub agent 7 is connected to MTMDD's 8 which are connected to patients.
15 The patients are identified by the reference numeral 10 and subscript letters, and the

patient care staff, by the reference numeral 11.

The medical facility registry 3 is essentially a high level binding mechanism which as
explained already, could be for the one large hospital, could be for a series of
20 hospitals or could be for a specific geographical medical area to identify which
MTMDD 8 is attached to which patient 10 and to which BAN hub agent 7. The
medical facility registry 3 is essentially a trading server to allow participants in the
system identify and find each other ahd set up agreements between each other such
as for the handover of patients. When, In this specification, the term “operational
25 remit" is used, it could be, as stated already, a 'strictly'defined geographical
operational remit such as a particular department, it could be a loosely defined
operational remit such as that covered by a medical practice, these might overlap

geographically but would not necessarily overlap in the patients they attended to.

30 Generaﬂy, as stated these medical facility agents represent a particular medical
facility within' the overall architecture. It could, for example, be a particular department
in a hospital, it could, in.certain circumstances, be a hospital itself or it could, for
example, be the ambulance department which would have a number of ambulances

in it.
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Before describing the invention in detail, it is advantageous to describe a general

overview of the system.

5  As explained already, the medical facility registry 3 can be associated with one
hospital, a group of hospitals, a geographical area, for example, all the medical care
staff within a specific area, and so on. However, it i3 easier to describe it by way of
being the operaticnal core for the one hospital which forms a number of medical
facilities. The medical facility registry 3 has a central processing unit which defines

10 the interaction protocol of the various medical facilities within that particular hospital
such as, for example, other departments. It includes all the legal terms, security ,
programmes and ontology for sharing information between the various parts in
medical facilities of that hospital and In turn, with other medical facilities. It will
include means for the registration of facility identifiers and capabilities. It is thus a

15 distributed service that can be replicated in other medical facilities. As illustrated, the
medical facility registry 3 is connected to a number of medical facility agents each

one representing the one medical facility. Its primary purpose is to ensure that the

various medical facility agents can interact with each other.

20 Essentially, the medical facility agents represent the particular medical faciiity within
thé overall architecture and the primary role of the medical facility agent is to enable
the external roaming and migration of the MTMDD’s between different facilities.
These agents have means to register with and to locate each other using the medical
facility registry as the central binding mechanism. In one embodiment, they provide

25 network accessible Interface that name facilities and publish information about the

' facility, as well as the level of roaming and information sharing available to an
MTMDD trying to migrate from another cooperating medical facility operational remit
associated with a different medical facility agent. The purpose is to provide support
for internal roaming of the MTMDD's within the particular operational remit.

30
The BAN management agents 4 are essentially the core of the operation in that they

' are processors for the collection and management of data within specified parts of
the defined operational remit which is governéd by or associated with one particular

medical facility agent 2. Each BAN management agent 4, as stated already,
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communicates directly with the monitor agents 6 which can be handled by the staff
and with the BAN hub agents 7 within that part of the defined operational remit

associated with the BAN management agent 4.

5 Each BAN management agent 4 manages and collects data from a group of BAN
hub agents 7 within thé specified part of the definedoperational remit such as, for
example, a single ward or department within a larger department associated with one
of the medical facility agents. "It actually acts as a server for a number of BAN hub
agents 7. The BAN management _agent 4 has the processing' power to carry out

10 these tésks, as will be described hereinafter.

Each monitor agent 6 interfac'es with the BAN management agent 4 and the patient
records, namely, the database 5 and can be used to download information regarding
patients to the BAN management agent 4 or simply to transfer information from the

15 BAN management agent 4 to the medical personnel. As explained already, this can
be anything from a PC to a hand-held device or PDA.

The BAN hub agent 7 is the central connector or hub for various biomedical sensors,
namely, the MTMDD’s connected to a particular patient. They can be connected to
20 the BAN hub agent 7 by either a wired or wireless interface. Generally, the BAN hub
agent 7 can receive diagnostic routines and perform local pre-processing/diagnostics

on acquired bio-signals in real-time.. This is described in more detail below.

While the operation of the invention is described in more detalil below, gssentially the
25 system is such that the BAN management agent 4 carries out any. necessary
processing of information recelved from any BAN hub agent 7 and then downloads to
the BAN hub agent 7, rules and data for the analysis of signals and data received
from the MTMDD‘s'assoclated or connected to that BAN hub agent 7. The BAN hub
agent 7 is t'herefore a relatively low powered low capacity device. It's advantage is
30 that it also has rules and structures built in such that, for example, when it receives
some data from an MTMDD 8, it Is capable of taking the necessary action such as,
for example, the issuing of an alarm, the downloading of information or whatever Is
necessary, héving regard to the sign'al or data transmitted by the particular diagnostic

device. Thus, in simplest terms, the BAN hub agent 7 has sufficient information to
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ensure that the condition of the patient is monitored accurately and can be
transmitted. For example, in one embodiment of the invention, the BAN hub agent 7,
when it cannot transmit via its normal communications network, with the BAN
management age'nt 4, it Is envisaged that it can be adapted to either itself iIssue some
5  form of warning, such as an audible warning, or can directly transmit information to
monitor agents 6. It Is envisaged that means may be provided to detect the
breakdown of the communication between the BAN hub agent 7 and the BAN
management agent 4 to cause an alerting alarm at the BAN hub agent 7, an alerting
alarm at the BAN management agent 4 an alerting alarm at, at least some of the
10 monitoring agents 6 and the initiation of an alternative standby communication
system. Some or all of these may be carried out and the means may be provided

either on the BAN management agent 4 or the BAN hub agent 7 as is appropriate.

There is provided ¢ommunioations transfer me.ahs in the BAN management agent 4,
15 such that when a BAN hub ageht 7 moves out of the part of the defined operational
remit controlled by that BAN management agent 4, the BAN hub agent 7 Is
transferred to the care of another BAN management agent 4, namely when the BAN
hub ageht 7 Is effectively moving from the specified part of the defined operational
remit of the first BAN management agent 4 to the defined operational remit of
20 . another BAN management agent 4. Eﬁectively this facilitates internal roaming within
the particular medical facllity or more importantly within the operational remrt of that
medical facility namely In the present example the particular hospital whose
operational remit might also include as has been explained above ambulance under

the hospital's care and control. '

25
It Is envisaged that each BAN management agent 4 will, in some way, be associated

with sensors which will allow it to sense the presence of a BAN hub agent 7 within it's
operational remit. This, for example, could simply be fixed sensdrs. on the exits and
entrances to a department, a GSM device attached to a hub agent, and indeed could
30  be any form of sensor. Indeed any network broadcast mechanism could be uséd.
Further, the BAN hub agent 7 will have means, when moving out of the defined
operational remit of all the facility agents of one medical facility, that is to say, out of
the hospital connected to the medical registry, to communicate via that medical

facility registry with a totally separate medical facility of another patient care system
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or indeed of the same patient care 's'ystem, to transfer thepatient data, the BAN hub

~agent 7 and the patient to the care of that other patleht care system.

't will be appreciated that the monitor agents 6 associated with the BAN management
5 agents 4 are adapted to receive communications relating to some or all of the
patients within the part of the defined operational remit associated with that BAN

management agent 4.

‘As explained already, the BAN hub agent 7 Is used to determine the patient's current
10 condition in real time by examining' the data comihg from the medical sensors,
namely the MTMDD's 8. Various techniques for this will be described hereinafter,
however, it is important to note that the BAN hub agent 7 does not perform machihe
learning or data mining itself on the diagnostic data. This operation is located on the
BAN management agent 4. The BAN management agent 4 carries out training and
15 operational phases, as described below. However, the training phase happens off-
ine in the BAN management ageht 4, whereas the operational phase happens on-
ing, that is to say, in real-time on the BAN hub agent 7. This is an essential feature of
the present invention. While the real-time analysis of the patient's condition that is
per‘l‘orrﬁed on the BAN hub agent 7 'will have its Input as a set of biosensor signal

20 readings i.e. diagnostic data from the MTMDD's 8, the actual monitoring rules, as it

were, that will determine the patients condition, will be downloaded to the BAN hub
agent 7 from the BAN management agent 4. Effectively, therefore, to a certain
extent, the BAN hub agent 7 is an operating device but not, as has been envisaged
heretofore, one that carries out excessive processing or analysis, but simply receives
25 sufficient information from the BAN management agent 4 to allow it operate as if it

had that processing power.

This is one of the essential features Of the invention namely the use of a relatively low
powered BAN hub agent. It is envisaged that where some diagnostic data recelved
30 by the BAN hub agent 7 would require Inordinate processing time, the BAN hub
agent 7 will transmit the diagnostic data to the BAN management agent 4 which wil
process the data and then download the resuft of that processing to the BAN hub
agent Z. The BAN hub agent 7 will then carry out the he_cessary action as required. It

will be appreciated that the BAN hub management agent 4 will have considerable
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processing power or indeed may Iin certain clrcumstances share processing power
with other BAN management agents by having access to a separate more powerful

processor such as a large main-frame computer.

S  Dealing firstly with the BAN management agent 4 and the training phase, reference is
made to Fig. 2. What one does is, before a patient is being monitored, one has a set

ot rules namely initial training monitoring rules. These are expert rules to identify a
patient's condition from sensor data. These rules will have aiready been inserted into

the BAN management agent 4 and possibly into another server. These monitoring

10 rules are effectively the diagnostic data evaluation rules. Thus, in step 1, initial
training monitoring rules are provided and then in step 2, these are inputted as rules

for sensor data evaluation. These would be standard rules, as it were, for the
evaluation of a patient’s condition, however, they would not necessarily be sufficient

to fully monitor a particular patlentQ Then, during the training phase, step 4 takes

15 place, namely, the first thing to be queried is whether the data is recognised by the
rules. In other words, does the data conform exactly to a rule already produced. This

is probably highly unlikely in many cases because what has been done is to try to

adapt the rules to the particular patient so that, almost certainly, all the data will not

be recognised and therefore, in step 5, it will be examined by a patient care staff

0 member or members. However, if it were to have been recognised, then in step 6, it
will be classified using the ruies and again entered effectively' ihto the BAN
management agent 4 in step 7. However, If, as is likely, it is not specified by the

rules, then they will be inspe'cted by a medical practitioner or another éxpert In step 5

and this will then be manually classified. Ste'p 7 will then be repeated. Then, various

25 learning mining algorithms will be used In step 8 so as to provide, In step 9, mappings
from the diagnostic data to give an idea of the patient condition. These would
generally bé reviewed In step 10 and then In step 11, In this particular embodiment,

they will be compiled into a suitable format for downloading onto a BAN hub agent 7

as operational monroring rules. Then, in step 12, the operational monitoring rules will

30 be installed on the BAN hub agent -7‘. Essentially what the patient care staff do is to
amend as necessary the Initial training monltoring rules to provide these operaﬁonal

monitoring rules.

't will be appreciated that various artificial intelligence (Al) techniques m'ay be used
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expert-type rules formulated by human experts

S . mappings from sensor data vectors to corresponding patient conditions, that
are constructed automatically (or semi-automatically) using classification
algorithms; these could be In the form of explicit rules or In an implicit form

‘such as a trained neural network or Bayesian classifier.
10 Indeed, various other statistical techniques for data mining might be used.

Generally, however, in the training phase, expert rules will be 'supplied by medical
consulfants and will be manually codified in an appropriate form. Generally, the
blosignal sensor data In the diagnostic data is transmitted from the multiple BAN hub
15 agents 7 to the BAN management agent 4 where it is stored in a form equivalent to
that of the BAN hub data repository. It will be appreclated that any technique may be
used, anything from Decision Trees (e.g. C4.5); logic-based learners (e.g. FOIL);
neural networks (e.g. Feed-forward NN trained with the Backpropagation algorithm);
Bayesian Network learners (e.g. K2). The learning techniques themselves are

20 obviously standard.

Depending on the 'way the monitoring rules come out, they may or may not be
reviewed by a medical practitioner i.e. patient care staff. The whole point is that this

. IS a training phas_e and when it is first done, then operational monitoring rules are
25 provided. However, during the operation phase, the operational monitoring rules will
be again reviewed and reconsidered by the patient care staff. Thus, there is a
continuous off-line training phase that may take place, eithef continuously or at
predetermined defined times. In one way of carrying out the invention each patient is

. initially classified as an Identified class of patient by patient care staff having regard to
30  the assessment of each patient's medical condition, general physical and other
lifestyle characteristics. It is by such a classification that the appropriate rule, mock
operational monitoring rules and the diagnostics data required td provide those
operational monitoring rulés can be achieved. Thus the initial training monitoring rules

would be chosen having regard to the dentified class of that patient. It is envisaged
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that each patient's diagnostic and patient condition data will be stored by the BAN
management agent 4. They may be provided by class of patient and over time the
initial monitoring rules are reviewed and altered for each class of patient as described

hereinafter.

Referring now to Fig. 3, there is illustrated how the invention will operate at the BAN
hub agent 7. The latest version of the operational monltoring rules Is sent to the BAN
hub agent 7 which stores it, to replace the previous version. The diagnostic data is
received from the MTMDD'’s in step 20 and it is inputted to" the compiled operational '
10 monitoring rule set, in step 21' that has already been received. This then provides

the necessary advice .e. patlent condition data, in step 22, The patient condition, as

provided by the patient condition data can be Iogged onto the BAN management
agent 4 for review by medical consultants or other personnel, that is presuming there
s nothing particular wrong.
15 '
However, as well as thls, in step 23, the data is cbmpared to the compiled operational
monitoring rule. set and checked as to whether the patient condition data has
changed in step 24. Obviously, if the patient condition as evidenced by the patient
condition data has not changed, nothing further happens énd the step of Ioggi'ng the
20 device, namely, step 23 tak_és place and nothing further s required. If, however, the
patient condition has changed, then the operational monitoring rule and its resultant
patient condition :data is compared again with previous patient condition data. In step
25, it is queried as to whether the change in patient condition is such as to render it
serious and if it is, then in step 26, the necessary alarms are raised.
25
It will be noticed, however, that the great advantage of this present invention is that
the BAN hub agent 7 does not just :s'lmply download the data but it actually carries out
sufficient monitoring to determine the patient condition. It can do this because of the
way Iin which so much of the processing is carried out on the BAN management
30 agent 4.

Referriﬁg now to Fig. 4, there is illustrated how a shared false alarm suppression
facility is provided. It is a well known difficulty with medical monitoring devices that

raised alarms to alert the physician of the patient's problem is the "‘cry wolf" dilemma,
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in the sense that the devices follow a conservative strategy of ralsing false alarms i.e.
spurious alarms rather than risking a situation arising where a patient requires
attention but no alarm is raised. It can happen that the physician may end up ignoring

all of the alarms because so many of them are false. One of the problems with the

5 present way of suppressing alarms or indeed of raising alarms is that not enough
care is taken of the situations in which the alarms can arise and in particular, where

false alarms can arise. It is t00 easy to simply say it was a false alarm and do
nothing about it. Obviously, if a patient is in an intensive care unit, much more care is

taken in the sense that any deviation from a condition may require an alarm to be

10 raised, while if a patient is already recovering, then what one does not want to do is to
have, for example, alarms raised regarding a patient's condition when the patient is
actually taking exercise when various sensed conditions might change considerably.

What needs to be done is firstly, to ensure that for particular patients, when an alafm

S réised, that it be attended to but if it is found that it is actually a false alarm, 'rather

15 than simply suppressing it, some further action is taken. As méntioned already, if it is
determined that a patient's condition is sufficlently serious (see step 25 of Fig. 3),

then an alarm is raised at the BAN hub agent 7 or at the BAN management agent'4.
Indeed, it is well known, for example, to have means for suppressing an individual

alarm at an agent, however, what has not been dohe In previous systems is to allow

20 the suppression of that alarm condition as it were, in other words, to ensure that
alarm is cancelled in the future for ‘thle same patient in the same circumstances if that

IS appropriate.

Referring now to Fig. 4, the BAN hub agent 7 monitors a patient using a rule set i.e.
25 operational monitoring rules in step 30 and then in step 31, a false alarm is raised.
The alarm is displayed on the BAN management agent 4 and on some monitor
agents 6. Then the alarm, having been displayed in step 32, in step 33, will be
cancelled after hopefully examination of the patient by medical personnel on the BAN
hub agent 7 which will then deliver that alarm cancellation which wil bé transmitted
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