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METHOD AND APPARATUS FOR IDENTIFYING RELATIONSHIPS IN DATA
BASED ON TIME-DEPENDENT RELATIONSHIPS

DESCRIPTION

The present application relates to the identification and presentation of
time-dependent relationships in data. While it finds particular application to decision
support systems in medicine, it also relates to other situations in which it is desirable to
extract information indicative of relationships in data involving various subjects.

Attempts to introduce decision support systems into the clinical
environment have met user resistance. For these systems to be accepted into clinical
practice, they need to present information that is not already available to healthcare
providers and to present that information in the context of a meaningful framework.

Recent years have also seen the increasing adoption of patient medical
databases such as hospital information systems (HIS), clinical information systems (CIS),
and the like. As information indicative of the status of various patients is routinely stored
in these and similar systems, they ordinarily contain a trove of case-based clinical
information. Unfortunately, however, it can be difficult to extract and present the
information in a clinically useful manner.

Case based reasoning (CBR) paradigms have been used to retrieve past
cases that are similar to a present problem, with the recalled information being reused,
possibly after an adaptation step. Moreover, an approach for case representation and
retrieval that takes into account the temporal dimension has been proposed. See Montani
and Portinale, Accounting for the Temporal Dimension in Case-Based Retrieval: A
Framework for Medical Applications, Computational Intelligence, Volume 22, Number
3/4 (2006). Nonetheless, there remains room for improvement.

Aspects of the present application address these matters and others.

In accordance with one aspect of the present application, an apparatus for
identifying a relationship in subject data that includes event data indicative of an event
experienced by the subject, outcome data indicative of an outcome experienced by the
subject, and intervention data indicative of an intervention applied to the subject is
provided. The apparatus includes a filter that temporally filters the subject outcome data

and an associator that identifies an association between the event, the outcome, and the
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intervention as a function of the event data, the temporally filtered outcome data, and the
intervention data. The associator produces an output indicative of the identified
relationship.

According to another aspect, a computer readable storage medium includes
instructions which, when carried out by a computer, cause the computer to carry out a
method. The method includes identifying, in subject information indicative of a subject
that has experienced an event, a subject outcome, and determining whether the identified
outcome occurred during an outcome time interval. The method also includes associating
the identified outcome and an intervention applied to the subject based on a result of the
outcome time interval determination, and presenting data indicative of the association.

According to another aspect, a method includes extracting patient
information from a retrospective patient record database that includes patient information
for a plurality of patients, processing the patient information to identify temporally-
dependent clinical relationships between events experienced by the patients, event-specific
outcomes experienced by the patients, and applied event-specific treatments that are likely
to have contributed to the experienced outcomes. The method also includes, for each of a
plurality of the patients, storing in a coded patient record database an output indicative of
an identified relationship between an event experienced by the patient, an event-specific
outcome experienced by the patient, and an applied event-specific treatment likely to have
contributed to the experienced outcome.

According to another aspect, an apparatus includes temporally dependent
relationship identifier means for processing patient information from a patient record
database that stores patient information including patient event data, applied intervention
data, and patient outcome data for a plurality of patients to identify events experienced by
the patients, outcomes experienced by the patients during an outcome time interval that is
determined as a function of a treatment for the event, and treatments applied to the patients.
The apparatus also includes a coded subject record database for storing, for each of a
plurality of the patients, the identified event, the identified outcome, and the applied
treatment.

According to another aspect, a computer readable storage medium contains
a data structure that includes, for a plurality of subjects, event data indicative of an event

experienced by the subject, outcome data indicative of an outcome experienced by the
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subject during an outcome interval that is determined as function of an intervention for the
event, and intervention data indicative of an intervention applied to the subject. The
outcomes experienced by the subjects are sclected from an outcome set that describes
outcomes of the event, and the interventions applied to the subjects are selected from an
intervention set.

Still further aspects of the present invention will be appreciated to those of

ordinary skill in the art upon reading and understanding the following detailed description.

The invention may take form in various components and arrangements of
components, and in various steps and arrangements of steps. The drawings are only for
purposes of illustrating the preferred embodiments and are not to be construed as limiting
the invention.

FIGURE 1 depicts a decision support system.

FIGURE 2 depicts associations between events, outcomes, and
interventions.

FIGURES 3A, 3B, and 3C depict temporal relationships.

FIGUURE 4 depicts a temporally-dependent relationship identifier.

FIGURE 5 depicts a method.

FIGURE 6 depicts a method.

FIGURE 7 depicts a method.

With reference to FIGURE 1, a decision support system 100 includes a
subject record database 102, a temporally dependent relationship identifier 104, a coded
subject record database 106, a decision support system processor 108, and a user interface
110. As illustrated, the various components of the system 100 are located remotely from
one another and communicate via a suitable communications network or networks 112
such as the internet, an intranet, or other interface. It will also be understood that one or
more of the components may be located at a common location, for example as part of the
same computer or on the same network.

The subject record database 102, which is typically stored on a suitable

computer readable storage medium, includes retrospective subject information 114,y for
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each of a plurality of subjects such as human patients, inanimate objects, systems or
networks (or portions thereof), or the like. The subject information 114 may be stored on
or obtained from a suitable source or sources, and the formats and data structures in which
the subject records are maintained is ordinarily system-specific. In a medical application,
for example, the subject information 114 may include clinical data stored on a hospital
information system (HIS), a clinical information system (CIS), a radiology information
system (RIS), a picture archiving and communication system (PACS), laboratory or test
results, physician or nursing notes, discharge summaries, image data, data from patient
monitoring systems, or the like.

As illustrated, the subject information 114 includes subject demographic
data 116, subject event data 118, subject intervention data 120, subject outcome data 122,
temporal relationship data 124, and measurement data 126.

The subject demographic data 116 includes demographic information about
the subject. Again in the medical application, the demographic data 116 may include
information such as patient age, gender, disease history or state, behavioral or risk factor
information, and the like.

The subject event data 118 includes data indicative of one or more adverse
or other episodes experienced by the subject. In the medical example, the episodes may
include one or more events requiring a treatment or other intervention by a clinician.

The subject intervention data 120 describes the intervention(s) or
treatment(s) applied to the subject.

The subject outcome data 122 describes the subject’s status at one or more
times during the subject’s history.

Subject temporal relationship data 124 describes temporal relationship(s)
between one or more interventions 120 and outcomes 122. Though illustrated separately
for clarity of explanation, the temporal relationship data 124 may be included in or derived
from the event data 118, intervention data 120 and outcome data 122, for example where
one or more of the data 118, 120, 122 includes temporal information.

The measurement data 126 includes information from qualitative or
quantitative measurements of the subject. Again to the medical example, the measurement
may include a blood pressure measurement, a clinician’s impression of the patient state,

and so on.
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As will be appreciated, the subject record database 102 in many cases
contains a substantial amount of retrospective, case-based data regarding events, outcomes,
and interventions that was acquired in the course of routine clinical or other practice
involving a number of subjects. However, some or all of the events, interventions, and
outcomes involving a given subject can be essentially unrelated. Thus, a given
intervention may not necessarily have helped achieve a particular outcome. Stated another
way, the fact that a subject experienced a particular outcome may have little or no
relationship to the event experience by the patient or to an applied treatment.

While it can be useful to understand the events, interventions, and outcomes
experienced by the various subjects, a clinician, technician or other decision-maker, the
relationship -- if any -- between these items is also an important component of an
evaluation or decision-making process. For example, simply presenting information about
(potentially) unrelated or unassociated outcomes, events, and interventions can in many
cases overload a clinician or other user with largely spurious data. In the medical domain,
the predicate question might thus be phrased as follows: might there be a reasonable
expectation that there is a clinical association or relationship between an event experienced
by the patient, an intervention applied to the patient, and the patient’s outcome?

Thus, it can also be useful to identify and/or present information not only
about similar subjects and their interventions and outcomes, but also whether the
interventions following an event helped to achieve or might otherwise be related to a
desired outcome. If presented to the decision-maker in the context of a decision support
system, for example, the decision-maker is able to use the relationship data to evaluate
possible courses of action in connection with a prospective treatment of a subject of
interest.

With ongoing reference to FIGURE 1, the temporally dependent
relationship identifier 104 uses time-dependent domain information 190 that is based on or
otherwise derived from known clinical or other relationships to perform an a priori
processing of the subject information 114 to identify relevant associations in the data of the
subject information 114. Stated another way, the temporally dependent relationship
identifier 104 identifies associations in the subject information 114, such as relationships
between events, outcomes, and interventions, with reference to the time-dependent domain

information 190. Note that the information 190 may be captured and stored on a
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computer readable storage medium of the database 102, locally as part of the temporally
dependent relationship identifier 104, or otherwise.

As will be described furthering more detail below, the temporally dependent
relationship identifier 104 uses information derived from temporal relationships to produce
information indicative of clinical, medical, or other associations between the cvents
experienced by various subjects, the corresponding outcomes, and the interventions that are
likely to have contributed or otherwise bear a relationship to those outcomes. Subject
association data 150, 7 indicative of the associations identified for the various subjects is
presented to the coded subject record database 106 for further processing and/or
presentation.

The coded subject record database 106, which is typically stored on a
suitable computer readable medium, receives association data from the temporally
dependent relationship identifier 104. The association data includes information indicative
of the event-outcome-intervention relationships for a plurality of subjects. As illustrated in
FIGURE 1, for example, the coded subject recorded database 106 includes a plurality of
subject association data 150, that describes an association between events 152, outcomes
154, and interventions 156 for various subjects in the subject record database 102. Also as
illustrated, the subject association data 150 includes other data 160 such as some or all of
the subject demographic data 116, the temporal measurement data 124, and the
measurement data 126. Note that the association data may also be appended to the subject
data 114 and stored in the subject record database 102.

An event predictor 130 is optionally used to analyze or mine the subject
association data 150 for the various subjects to identify common data patterns preceding
and/or following an event. The results of the analysis, which may be performed through
data discovery techniques such as principle components analysis (PCA), artificial neural
networks, domain specific knowledge or experience, or the like, are used to generate
predictors 158 of future events and/or the effectiveness of possible interventions. The
event predictor 130 determines predictors 158 for those subjects in the coded subject
record database 106 having the same or similar event-intervention-outcome delete
comment relationship. As will be appreciated, the predictors 158 can thus be associated
with those interventions that are expected to provide a favorable (or conversely, an

unfavorable) outcome.



10

15

20

25

30

WO 2009/083839 PCT/IB2008/055199

In one implementation, the event predictor 130 operates a priori using the
associations produced by the relationship identifier 104. In another, the event predictor
operates in connection with a request for decision support.

The decision support system 108 analyzes the data from the coded patient
record database 106 and presents relevant information to the clinician or other user via a
suitable user interface 110 such as a computer or workstation, personal digital assistant, or
the like.

An example of the time-dependent domain information 190, and more
specifically temporally-dependent relationships between events, outcomes, and
interventions contained therein will now be further described with reference to FIGURE 2.

As illustrated, an event set 200 includes one or more events 202_q.

Intervention sets 204, describe the set of interventions or treatments 206;.
m that are used to address corresponding events 202 of the event set 200. The number
and nature of the interventions 206,y in a given intervention set 204 are ordinarily event-
specific and are generally established on an a priori basis based on factors such as domain-
specific practice and experience, expert knowledge, and the like. Associated with each
intervention 206 is a time to effect 208 that describes the time needed for the intervention
206 to have a clinical or other effect on the subject. Again, the times to effect 208,y are
ordinarily specific to their corresponding interventions 206; y;, and are determined on an a
priori basis based on domain-specific practice or experience, pharmacological or other
data, expert knowledge, and the like.

Critical intervention periods (CIPs) 209,.q describe time frames following
the events 202, in which an intervention 206 is required to prevent an adverse outcome to
the subject. Again in the medical example, the CIP 209 describes for example a time
period during which an intervention 206 must be applied to prevent an injury or death to
the patient.

Outcome sets 2101 describe the set of outcomes 212,.p or subject states at
one or more times following an event 202. The number and nature of outcomes 212 p in
the outcome sets 210 are ordinarily event-specific and determined on an a priori basis
based on domain-specific knowledge.

In one example, the outcome set may include at least a first outcome that

describes an improvement in the subject state, a second outcome that describes a
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maintenance of the status quo, and a third state that describes a deterioration of the subject
state. The outcomes may also be classified as desirable outcomes and undesirable
outcomes, with the classification again ordinarily being event- and/or domain-specific. In
the foregoing, for example, the first outcome may be classified as a desirable outcome,
while the second and third outcomes may be classified as undesirable.

The foregoing relationships will now be illustrated by way of an example in
which an event 202 includes an episode of acute hypotension in a human patient. Members
of the intervention set 204 may include interventions 206 such as the administration of
intravenous (IV) fluids, inotropic agents, B-adrenoceptor agonists, cAMP-dependent
phosphodiesterase inhibitors, and a-adrenoceptor agonists. The IV fluids might have a
time to effect of thirty (30) minutes, the inotropic agents may have a time to effect of ten
(10) minutes, and so on. The CIP 209 for acute hypertension may be fifteen (15) minutes;
otherwise the patient may suffer irreversible damage or even die. Members of the outcome
set 210 may include outcomes 212 such as the return of the patient’s blood pressure to a
baseline level, no significant change in blood pressure, or a continued drop in blood
pressure. Note that the foregoing interventions and times to effect and times are presented
solely for the purpose of explanation and are not necessarily clinically accurate.

Examples of temporal relationships as may be considered by the temporally
relationship identifier 104 will now be described with reference to FIGURES 3A, 3B, and
3C Turning first to FIGURE 3A, a CIP 209 following the occurrence of an event 202 is
illustrated. Again to the example of an acute hypertension episode, the CIP 209 may be
fifteen (15) minutes.

Turning now to FIGURES 3B and 3C, an outcome time interval 302
describes a time following the occurrence of an event 202 or intervention 320 during which
a subject’s response can be properly assessed. Stated another way, the outcome interval
302 can be considered as time or time period during which a given outcome can be viewed
as likely to have resulted from or otherwise be (clinically) related to an applied
intervention, and not from extraneous or spurious factors.

A first example outcome interval 302 determination will now be described
in relation to FIGURE 3B. In the first example, a global outcome interval 302 is

established as a function of the various interventions 206 in the intervention set 204. The
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outcome interval 302 is measured from the time of the event 202 and is independent of the
time at which a particular intervention 206 was actually applied.

The outcome interval 302 is a function of the CIP 209 and the minimum 304
and maximum 306 of the times to effect 208 of the interventions 206 in the intervention set
204. The beginning 308 of the outcome interval 302 is bounded by the minimum (i.e., the
shortest) 304 of the times to effect 208 of the interventions 206 in the intervention set 204.
The end 310 of the outcome interval 302 is bounded by the sum of the maximum (i.e., the
longest) 306 of the times to effect 208 of the interventions 206 in the intervention set 204
and the CIP 209. The duration of the outcome interval 302 can be expressed as follows:

Equation 1
Ol=max(Tgis.. M) —min(Tg 1,2, M)+ CIP
where Ol is the duration of the outcome interval and Tg > .. are the times to effect 208;.
M Of the interventions 206 in the intervention set 204.

Again to the example of acute hypotension, the minimum time to clinical
effect 208 of the interventions in the intervention set 204 may be ten (10) minutes, the
maximum time to clinical effect 208 of the interventions 206 may be thirty (30) minutes,
and the CIP 209 may be fifteen (15) minutes. The outcome interval 302 is thus bounded by
the time beginning ten (10) minutes following the occurrence of the event 202 and ending
forty-five (45) minutes following the occurrence of the event 202, and has a duration of
thirty-five (35) minutes.

In a second example outcome interval determination, outcome intervals 302
are established for the various interventions 206 in the intervention set 204. It will also be
assumed that, for the purposes of the present example, that the time(s) at which the relevant
intervention(s) 206 were applied can be determined from the patient record database 102 or
is otherwise known. In the present example, the outcome interval 302 is measured from
the time that a particular intervention 206 was applied.

The second example will now be described with reference to FIGURE 3C
for an example intervention 206, of an intervention set 204. As illustrated, the outcome
interval 302 is a function of the minimum 312 and maximum 314 times to effect 208 of the
particular intervention 206,. The beginning 308 of the outcome interval 302 is bounded by

the minimum time to effect 312 of the intervention 206,. The end 310 of the outcome



10

15

20

25

30

WO 2009/083839 PCT/IB2008/055199

interval 302 is bounded by the maximum time to effect 314 of the intervention 206,. The
duration of the outcome interval 302 can be expressed as follows:
Equation 2

OI = Tg, Max — TE, Min
where Ol is the duration of the outcome interval, T max is the maximum time to effect 314
of the intervention 206, and Tg, min 1S the minimum time to effect 312 of the intervention
206,. Note that, when applying the outcome interval 302 as determined according to the
present example, interventions applied at a time later than the CIP 209 would ordinarily be
identified and disregarded, particularly where the subject experienced an adverse outcome.

Again to the acute hypotension example, the application of IV fluids might
be expected to have a minimum time to effect 312 of twenty (20) minutes and a maximum
time to effect 314 of forty (40) minutes. The outcome interval 302 is thus bounded by the
time beginning twenty (20) minutes following the intervention 320 and ending forty (40)
minutes following intervention 320, and has a duration of twenty (20) minutes.

Those of ordinary skill in the art will appreciate that variations on the
above-described outcome interval 302 determinations are also possible. In the second case,
for example, the outcome interval 302 may be measured from the time of the event 202 by
considering the time to application 322 of the intervention 206,. As another example,
outcome intervals 302 may be determined for one or more subsets of the interventions 206
in an intervention set 204.

The temporally dependent relationship identifier 104 will now be further
described with reference to FIGURE 4. As illustrated, the relationship identifier 104
includes a subject record selector 402, an event filter 404, an outcome interval determiner
408, an outcome temporal filter 405, an intervention filter 407, and an event-intervention-
outcome associator 406. As described above, domain specific event data 190 describes one
or more events 202 and their associated intervention sets 204, CIPs 209, and outcome sets
210.

The subject record selector 402 selects subject information 114 from the
subject record database 102 for analysis.

The event filter 404 uses the domain information 190 as a resource. With
reference to the domain information 190, event filter 404 filters or otherwise processes the

event data 118 for the various subjects to determine if a given subject has experienced an
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event 202 of interest. One example of an event 202 of interest is acute hypotension.
Domain information 190 defines acute hypotension as for example, a blood pressure drop
of at least 20% from the last baseline in less than 15 minutes. This definition is acquired in
the domain information 190 through wide acceptance of the meaning in the medical
community, through case studies, or otherwise, and any combination thercof. With
reference to this definition of acute hypotension in the domain information 190, event filter
404 processes event data 118 to determine if a given subject has experienced an event 202
which fits the definition of acute hypotension in the domain information 190.

The outcome interval determiner 408 uses the intervention set 204, time to
effect 208, and/or the CIP 209 information to determine the outcome interval 302, for
example as described above in relation to FIGURE 3. Turning to the ongoing example of
acute hypotension, domain information 190 also has information about relevant
intervention(s), time to effect 208 and CIP 209. As explained above, members of the
intervention set 204 in domain information 190 may include interventions 206 such as the
administration of intravenous (IV) fluids, inotropic agents, [B-adrenoceptor agonists,
cAMP-dependent phosphodiesterase inhibitors, and a-adrenoceptor agonists. The IV fluids
might have a time to effect of thirty (30) minutes, the inotropic agents may have a time to
effect of ten (10) minutes, and so on. The CIP 209 for acute hypertension may be fifteen
(15) minutes; otherwise the patient may suffer irreversible damage or even die. Again,
domain information 190 has this information through the medical community, through case
studies, or otherwise, and any combination thereof. Accordingly, using the domain
information 190 (and more specifically, intervention, time to effect, and CIP information
relevant to acute hypotension) as a reference, the outcome interval determiner 408 can
determine an outcome interval 302 specific to acute hypotension through the temporal
relationships and techniques discussed above in connection with FIGURE 3. For example,
as explained in connection with Fig. 3B, outcome interval 302 was bounded by the time
beginning at 10 minutes following the event and ending 45 minutes after the event if the
minimal time to clinical effect 208 is 10 minutes, the maximum time to clinical effect 208
is 30 minutes, and the CIP is 15 minutes.

Since a relevant outcome interval 302 is determined, the outcome temporal
filter 405 filters or processes the outcome data 122 for the various subjects to determine if a

given subject experienced an outcome 212 from the outcome set 210 during the outcome
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interval 302 (e.g., beginning at 10 minutes following the event and ending 45 minutes after
the event). The filtering may be accomplished, for example, by searching the information
114 for a given subject to identify outcomes 212 that are members of the outcome set 210
and that occurred during the outcome interval 302. That is, in the ongoing example,
outcome temporal filter 405 processes the outcome data 122 to identify outcomes 212
between the time beginning at 10 minutes following the event and ending 45 minutes after
the event.

The intervention filter 407 filters or otherwise processes the intervention
data 120 for the various subjects to determine if an intervention 206 (e.g., administration of
intravenous (IV) fluids, inotropic agents, B-adrenoceptor agonists, cAMP-dependent
phosphodiesterase inhibitors, and a-adrenoceptor agonists) from the intervention set 204
was applied to a given subject. Note that interventions applied outside the CIP 209 may be
disregarded.

The event-intervention-outcome associator 406 associates the events
experienced by the various subjects with the corresponding outcomes and interventions.
More specifically to the illustrated example, the associator 406 produces subject
association data 150 for a given subject if the subject experienced the event 202 of interest,
the subject experienced an outcome 212 from the outcome set 210 during the outcome
interval 302, and an intervention 206 from the intervention set 204 was applied to the
subject.

Note that, while the various filters 404, 405, 407 are illustrated as operating
in parallel, one or more of the filters may operate serially otherwise in a desired order. For
example, the event filter 404 may identify those subjects whose records include an event of
interest, the outcome temporal filter 405 may search the information 114 of the identified
subjects to identify those experiencing relevant outcomes during the outcome interval 302,
and so on.

Operation will now be described in relation to FIGURE 5.

At 502, an outcome set is generated for an event of interest. The outcome
set may be stored, for example, in a suitable memory or other computer readable storage
medium.

At 504, an intervention set for the desired event is generated and may be

stored in the storage medium.
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At 506, the outcome interval or intervals for the desired events and/or
interventions are generated, for example as described above in connection with FIGURE 3.
The outcome intervention information may likewise be stored in the storage medium.

At 508, some or all of the information 114 for a given subject is obtained
from the subject record database 102.

At 510, the information is processed to determine if the subject experienced
the event of interest. If the subject information includes multiple instances of the same
event (ie., if a patient experiences more than one episode of acute hypotension),
processing may proceed with the latest of the events.

At 512, the information is processed to determine if the subject experienced
an outcome from the outcome set during the outcome interval. If not, processing returns to
step 508, where information 114 for another subject is obtained as desired. If so,
processing continues to step 514.

At 514, the information is processed to determine if an intervention from the
intervention set was applied to the subject. Note that, if multiple interventions were
applied, the intervention(s) may optionally be deemed a single intervention.

At 516, subject association data indicative of an association between the
event, the outcome, and the intervention is genecrated.

Note that, where the outcome interval 302 includes more than one relevant
outcome determination, the choice of outcome to include in the association depends on the
goals of the analysis. For example, if a goal is account for the effect of multiple applied
interventions, then the temporally last outcome determination within the outcome interval
can be included. If, on the other hand, a goal is to identify those interventions having the
fastest response time, then the temporally first outcome determination can be included.

At 518, the subject association data is presented for storage in the coded
subject record database 106.

At 520, processing is repeated as desired to catalog other instances of the
event that may have been experienced by the subject and/or other subjects that have
experienced the event.

At 522, processing is repeated as desired in connection with different

events.
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At 524, the predictor 130 determines common data patterns in those subjects
having the same or a similar event-intervention-outcome relationship to generate
corresponding predictors 158.

It will be appreciated that the foregoing steps may be performed in different
orders and that variations are contemplated. For example, one or more of the outcome set,
intervention set, and outcome interval generation steps 502, 504, 506 may be performed in
different orders or concurrently for a plurality of different events. Similarly, the steps 502,
504, 506 may be performed later in the process, for example following the applied
intervention determination step 514. As another example, the order of the subject outcome
512 and applied intervention determination 514 may be reversed.

As still another example, the subject records may be obtained and the
filtering may be performed other than on a subject-by-subject or event-by-event basis. For
example, event filters may be applied concurrently to identify each of a plurality of events;
still other variations will be appreciated by those of ordinary skill in the art upon reading
and understanding the present description. The predictor 130 may also be omitted.

The coded subject record data 106 may be utilized in various ways .

A first example of the application of the coded record database 106 in
connection with an event driven decision support system will now be described with
reference to FIGURE 6.

A subject of interest experiences an event at 602. In the present example, a
current patient may be experiencing an acute hypotension.

A request for decision support is received at step 604. For example, a user
may request decision support in connection with a particular subject and/or event via the
user interface 110. Again to the present example, a physician may request decision support
as an aid to selecting a suitable treatment for application to the current patient. Note that
the request for decision support need not be an explicit request. For example, the system
may run behind the scenes or otherwise in the background, with operation triggered by the
passage of time or one or more predicate events and the clinician or other user alerted
accordingly.

At 606, the coded subject record database 106 is searched to identify those
subjects that have experienced the event. The searching may be performed, for example,

by the decision support system processor 108. In the present example, the coded record
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database 106 may be searched to identify those patients who have experienced an acute
hypotension event.

At 608, a case matching or filtering step is performed to identify those of
the identified subjects having characteristics that correlate to those of the subject of
interest. In one implementation, the case matching is performed by the decision support
system processor 108 with reference to stored demographic data 116 for the identified
subjects and the demographic data for the subject of interest. In the present example, case
matching may be applied to identify those of the identified patients having characteristics
that correlate to the current patient.

At 610,data from the matching cases is presented via the user interface 110.
In the present example, the data may be presented to the physician.

The user utilizes the data at 612. In the present example, the physician may
use the data as an aid to selecting an appropriate intervention.

It will again be appreciated that the foregoing steps may be performed in
different orders and that variations are contemplated.

A second example of the application of the coded record database 106 in
connection with a predictive system will now be described with reference to FIGURE 7.

At step 702, the data in the subject record database 102 is evaluated to
identify common data patterns in subjects having the same or similar event-intervention-
outcome.

At 704, the common data patterns are used to generate event predictors.
More specifically, predictors are generated for various of the event-intervention-outcome
relationships. In the example case of an acute hypotension, in which the intervention
included the application of IV fluids and the outcome included a return to baseline, the
predictors may include the occurrence of a 0.5 Celsius (C) change in temperature over a
two (2) hour period, a heart rate increase of ten percent (10%) over a four (4) hour period,
and respiratory rate increase of ten percent (10%) over a three (3) hour period (it again
being recognized that the intervention and predictors are merely examples presented for the
purposes of illustration). Thus, the presence of the predictors in a subject of interest may
be used to signal the possibility of an acute hypotension event in the subject. Moreover,
and as noted above, the various predictors may be associated with those interventions that

are expected to lead to a favorable (or conversely, an unfavorable) outcome.
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At 706, a correlation between the data pattern for a subject of interest and a
gencrated predictor is identified, for example by the decision support processor 108. For
the purposes of the present example, it will be assumed that patient data correlates to the
predictors established at step 704.

At 708, the user is alerted to the possibility of a future event involving the
subject, for example via the use interface 110. In the present example, the user is alerted to
the possibility of an acute hypertension involving the patient.

At 710, one or more possible interventions are presented. This may be
accomplished for example, substantially as described in relation to steps 608-612 of
FIGURE 6. Again in the present example, the presented intervention may include the
application of IV fluids. As will be appreciated, such an approach can be expected to
provide information about those treatments that led to favorable outcomes in a pool of
patients similar to the subject of interest.

Note that, while the above-described techniques have been described in
relation to an example event that includes an acute hypotension, they are also applicable to
other acute and chronic conditions. They are also applicable to domains other than
medicine.

As will also be appreciated by those of ordinary skill in the art, the various
components and techniques described above may be implemented by way of computer
readable instructions stored on suitable computer readable media. When executed by a
computer, the instructions cause the computer to carry out the described techniques.

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 invention be
construed as including all such modifications and alterations insofar as they come within

the scope of the appended claims or the equivalents thereof.
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CLAIMS

Having thus described the preferred embodiments, the invention is now

claimed to be:

L. An apparatus for identifying a relationship in subject data (114) that includes event
data (118) indicative of an event experienced by the subject, outcome data (122) indicative
of an outcome experienced by the subject, and intervention data (120) indicative of an
intervention applied to the subject, the apparatus comprising:

a filter (405) that temporally filters the subject outcome data;

an associator (406) that identifies an association between the event, the outcome,
and the intervention as a function of the event data, the temporally filtered outcome data,
and the intervention data and that produces an output (150) indicative of the identified

relationship.

2. The apparatus of claim 1 wherein the subject is a human patient, the intervention is

a medical treatment, and the associator identifies a time-dependent clinical association.

3. The apparatus of claim 1 wherein the filter filters the subject outcome data to
identify outcomes (212) that are members of an outcome set (210) and that occurred during

an outcome time interval (302).

4. The apparatus of claim 1 wherein the filter filters the subject outcome data
according to an outcome interval (302) that is bounded on a first end by a minimum of the
times to effect (208) of the interventions (206) in an intervention set (204) that includes a

plurality of interventions.
5. The apparatus of claim 4 wherein the outcome interval is bounded on a second end
by the sum of a critical intervention period (209) and the maximum of the times to effect of

the interventions in the intervention set.

6. The apparatus of claim 1 wherein the filter filters the subject outcome data

according to a time (308, 310) that is measured from the time of the intervention.
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7. The apparatus of claim 1 including a subject record selector (402) that selects
subject data (114) for a plurality of subjects and an event filter (404) that filters event data
(118) that includes the event.

8. The apparatus of claim | including a patient record database (102) that includes
retrospective patient demographic data (116), event data (118), intervention data (120),
outcome data (122), and temporal relationship data (124) for a plurality of patients.

9. The apparatus of claim 1 including decision support system means (108, 110) for

presenting the indicative of the identified association for a plurality of subjects.

10. The apparatus of claim 1 including means (130) for identifying predictors of the

event.

11. A computer readable storage medium including instructions which, when carried
out by a computer, cause the computer to carry out a method comprising:

identifying, in subject information (114) indicative of a subject that has experienced
an event (202), a subject outcome;

determining whether the identified outcome occurred during an outcome time
interval (302);

based on a result of the outcome time interval determination, associating the
identified outcome and an intervention applied to the subject;

presenting data (150) indicative of the association.

12. The computer readable storage medium of claim 11 wherein the outcome time
interval is a function of a minimum time to effect of a first intervention and a maximum

time to effect of a second intervention.
13. The computer readable storage medium of claim 11 wherein the outcome time

interval is a function of a minimum and a maximum time to effect of the applied

intervention.
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14. The computer readable storage medium of claim 11 wherein the method includes
determining whether the identified outcome is a member of an outcome set (210) that
includes a plurality of outcomes (212) and associating includes associating the identified
outcome and the applied intervention based on a result of the outcome time interval

determination and the outcome set membership determination.

15. The computer readable storage medium of claim 11 wherein the method includes
determining whether the applied intervention is member of an intervention set (204) for the
event and associating includes associating the identified outcome and the applied
intervention based on a result of the outcome time interval determination and the

intervention set membership determination.

16. The computer readable storage medium of claim 11 wherein the method includes
determining whether the applied intervention is a member of an intervention set (204) and
the identified outcome is a member of an outcome set (210), and wherein associating
includes associating the event, the applied intervention, and the identified outcome if the
applied intervention is determined to be a member of the intervention set, the identified
outcome is determined to be a member of the intervention set, and the identified outcome is

determined to have occurred during the outcome time interval.

17. A method comprising:

extracting patient information (114) from a retrospective patient record database
(102) that includes patient information for a plurality of patients;

processing the patient information to identify temporally-dependent clinical
relationships between events experienced by the patients, event-specific outcomes
experienced by the patients, and applied event-specific treatments that are likely to have
contributed to the experienced outcomes;

for each of a plurality of the patients, storing an output (150) indicative of an
identified relationship between an event experienced by the patient, an event-specific
outcome experienced by the patient, and an applied event-specific treatment likely to have

contributed to the experienced outcome in a coded patient record database (106).
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18. The method of claim 17 including:
case-matching a patient of interest and a patient in the coded record database;

presenting information indicative of the patient in the coded record database.

19.  The method of claim 17 including evaluating the coded record database to identify

an event predictor.

20. The method of claim 19 including:
identifying a correlation between a patient of interest and the identified predictor;
in response to the identified correlation, presenting a possible treatment for

application to the patient.

21.  An apparatus comprising:

temporally dependent relationship identifier means (104) for processing patient
information from a patient record database (102) that stores patient information (114)
including patient event data (118), applied intervention data (120), and patient outcome
data (122) for a plurality of patients to identify events experienced by the patients,
outcomes experienced by the patients during an outcome time interval (302) that is
determined as a function of a treatment for the event, and treatments applied to the patients;

a coded subject record database (106) for storing, for each of a plurality of the
patients, the identified event (152), the identified outcome (154), and the applied treatment.

22. A computer readable storage medium containing a data structure that includes, for a
plurality of subjects:
event data indicative of an event (152) experienced by the subject;
outcome data indicative of an outcome (154) experienced by the subject during an
outcome interval (302) that is determined as function of an intervention for the event;
intervention data indicative of an intervention (156) applied to the subject;
wherein the outcomes experienced by the subjects are selected from an outcome set (210)
that describes outcomes of the event and the interventions applied to the subjects are

selected from an intervention set (204).

20



PCT/IB2008/055199

WO 2009/083839

1/7

T

TosT—

<0ST—

ZoGT—

RJE

00T

OV4UILNI
\‘ }
U0SSID0Ud
SYOLDIATYd | WALSAS |
851 140ddns 801
NOISIDAd
| ¢t 20T —
— v.ivd
¥3aHio [091 0ET
[ ]| —~—90T x
i TH11—
NOLLNIAYILNI |~9cT HOLSIOTd
] IN3A3 THTT—
ANODINO ST
bOT "
]
INIAT  |—gst / P11
B Y3HILINIAL
dIHSNOLLY13¥
| 1N3IAN3d3a
| -ATIVYOdIWIL
Isvav.ivd ayod3y i ! (43!
1O3arans aIdod NOLLYWYO4NI
] | NIvwoa
e = 081 iNaanadaa
AWIL

—

vivd

INFWTANSYaW | 9Ct

vivd
dIHSNOLLV13Y
TVIOdW3 L

vivd
JW0OD1NO

V.1vd
NOLLNIAYILNI| 0CT

~P¥ll

~cl

L

vivd

INGA3  [8TT

] vivd

JIHdvo0owWaa | 1!

asvav.ivd
Y023y 1o3rdns

\\\J
N—— A




PCT/IB2008/055199
2/7

WO 2009/083839

Tvoz—b 1T 103443 —_Wgpz
OL JWLL
L I
. NOLLNIAYILNI 0¢c
bOZ—
B Opoz—
SaW0D1N0 ~Dz1z DA | _zgqy
: OL JWLL
1 L : NOLLNZAYLNL [ 90¢
0T¢— i HmwN
|z ||
201Z—1 S3AW0ODLNO [4 Y4 aon¥3d n.u_.._nwm_m_u__\N__Hm_._. — 1807
2602 NOLLNIAYILNI | 19q7
5 5 VOLLRD NOLLNIAYILNI
01— SIWODLNO |~TFzrz| ~60C !
- ! 13S NOLLNIAYILNI
_ _
_ |

20z _“_ IN3IA
\ 20— ~—00¢
]

061 Oz0z—1




WO 2009/083839 PCT/IB2008/055199

3/7
209
202~ \ .
|
t
FIG. 3A
306
. \ .
202~ 304 209
PR A,
-
< > t
308— ( ~310
302
FIG. 3B
314
320~ \ .
322 3i2
202~ | ~310
|
< > t

FIG. 3C



PCT/IB2008/055199

WO 2009/083839

4/7

1% MVHH_ ’ NETR IS
/0| NOLLNIAYINI
A
. p NETR IS 40103135
B N LN3AT * (€} [00E}.|
ouemees - el
-NOLLNIAYILNI f
- IN3AT ¢ o WAL 20b
u IVHOdIWIL
< INODLNO  |~—goy
A
TVAYILNI
90¥— awooLno [ ¢0¢
A
YINIWYILIA
TVAYILINI  |~—gop
aWODLNO
A A
061 |
[
13S 13S
01— 3wooino | Y0¢—norinanwain| 60¢—1 dP [ zoz—{ IN3A3




WO 2009/083839 PCT/IB2008/055199

5/7
—> GENERATE OUTCOME SET FOR DESIRED EVENT —502
!
GENERATE INTERVENTION SET(S) FOR DESIRED EVENT |—504
'
DETERMINE OUTCOME INTERVALS FOR DESIRED EVENT |-—506
! -—508
—> OBTAIN RECORD(S) FOR SUBJECT -
!
APPLY EVENT FILTER —510
: -—~512
—> DETERMINE SUBJECT OUTCOME
'
DETERMINE APPLIED INTERVENTION ——514
!
ASSOCIATE EVENT, OUTCOME, & INTERVENTION ——516
'
PRESENT CODED DATA ——518
!
REPEAT FOR ADDITIONAL EVENTS —520
!
REPEAT FOR DIFFERENT EVENTS ——522
'
GENERATE PREDICTORS ——524

FIG. 5



WO 2009/083839 PCT/IB2008/055199

6/7

SUBJECT OF INTERST EXPERIENCES EVENT |-—602

A 4

RECEIVE REQUEST FOR DECISION SUPPORT |—604

A 4

SEARCH CODED RECORD DATABASE
TO IDENTIFY SUBJECTS THAT HAVE 606
EXPERIENCED THE EVENT

A 4

PERFORM CASE MATCHING ——608

Y

PRESENT DATA FROM MATCHED CASE(S) |-—610

Y

USER UTILIZES PRESENTED DATA ——612

FIG. 6



WO 2009/083839 PCT/IB2008/055199

77

IDENTIFY COMMON DATA PATTERNS [-—702

A 4

GENERATE PREDICTORS ——704

Y

IDENTIFY CORRELATION BETWEEN | _5q¢
SUBJECT OF INTEREST & PREDICTORS

Y

ALERT USER —708

A 4

PRESENT POSSIBLE INTERVENTIONS |—710

FIG. 7



INTERNATIONAL SEARCH REPORT

nternational application No

PCT/IB2008/055199

CLASSIFICATION O OSOUBJECT MATTER

A.
INV. GO6F19

According to Internalional Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classificalion system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, COMPENDEX

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages

DOMAIN."

XP002517352
the whole document

1996,

193~215, XP002517349
ISSN: 0933-3657
the whole document

1983 AMERICAN ASSOC FOR ARTIFICIAL
INTELLIGENCE, USA. DISTRIBUTED BY WILLIAM
KAUFMAN INC, 1983, pages 251-254,

X LONG W: "Temporal reasoning for diagnosis 1-21
in a causal probabilistic knowledge base."
ARTIFICIAL INTELLIGENCE IN MEDICINE JuL

vat. 8, no. 3, July 1996 (1996-07), pages

X LONG WILLIAM J: "REASONING ABOUT STATE 1-21
FROM CAUSATION AND TIME IN A MEDICAL

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of parlicular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubls on priorily claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*Q* document referring 10 an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory undetlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of pardicular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m?r?ts, auch combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

4 March 2009

Date of mailing of the international search report

13/03/2009

Name and mailing address of the I1SA/

European Patent Qffice, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

‘Sanandrés Ledesma, J

Form FCT/ISA/210 (second sheat) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2008/055199

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

SALATIAN A ED - INSTITUTE OF ELECTRICAL
AND ELECTRONICS ENGINEERS: "Interpreting
historical ICU data using associational
and temporal reasoning”

PROCEEDINGS 15TH IEEE INTERNATIONAL
CONFERENCE ON TOOLS WITH ARTIFICIAL
INTELLIGENCE. ICTAI 2003. SACRAMENTO, CA,
NOV. 3 - 5, 2003; [IEEE INTERNATIONAL
CONFERENCE ON TOOLS WITH ARTIFICIAL
INTELLIGENCE], LOS ALAMITOS, CA, IEEE
COMP. SoOC, US,

vol. CONF. 15,

3 November 2003 (2003-11-03), pages
442-450, XP010672260

ISBN: 978-0-7695-2038-4

the whole document

CONSOLE L ET AL: "Temporal constraint
satisfaction on causal models"
INFORMATION SCIENCES USA,

vol. 68, no. 1-2, February 1993 (1993-02),
pages 1-32, XP002517350

ISSN: 0020-0255

the whole document

TERENZIANI P ET AL: "Towards an
integration of time and causation in a
hybrid knowledge representation formalism"
INTERNATIONAL JOURNAL OF INTELLIGENT
SYSTEMS USA,

vol. 9, no. 3, March 1994 (1994-03), pages
303-338, XP002517351

ISSN: 0884-8173

page 319, line 1 - page 334, line 13
KERAVNOU E T -ED - CHITTARO L ET AL:
"Engineering time in medical
knowledge-based systems through time-axes
and time-objects"

TEMPORAL REPRESENTATION AND REASONING,
1996. (TIME ’96), PROCEEDINGS., THIRD
INTERNATIONAL WORKSHOP ON KEY WEST, FL,
USA 19-20 MAY 1996, LOS ALAMITOS, CA,
USA,IEEE COMPUT. SOC, US,

19 May 1996 (1996-05-19), pages 160-167,
XP010200839

ISBN: 978-0-8186-7528-7

the whole document

US 2006/095853 Al (AMYOT ELISE [CA] ET AL)
4 May 2006 (2006-05-04)

the whole document

1-21

1-21

1-21

1-21

1-21

Form FCT/ISA/210 (continuation of second sheet) (Aprit 2005)




International Application No. PCT/IB2008 /055199

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

Continuation of Box II.1

Claims Nos.: 22

Claim 22 is directed towards a data structure in a storage medium
defined solely by the content of the information. No technical
considerations are present in the claimed subject-matter. Therefore said
claim is excluded from the International Search according to Rule
39.1(v) PCT - Presentation of information and PCT/GL/ISPE/1 9.11 and
9.12




International application No.

PCT/1B2008/055199
INTERNATIONAL SEARCH REPORT

Box No. !l  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

22
because they relate to subject matier not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

. D As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

w

. D As only some of the required additionaf search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest DThe additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

DThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/055199
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006095853 Al 04-05-2006 CA 2486482 Al 01-05-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

