a2 United States Patent

Martin et al,

US009750408B1

US 9,750,408 B1
Sep. 5, 2017

(10) Patent No.:
(45) Date of Patent:

(54) ICU TELEMEDICINE SYSTEM FOR VARIED
EMR SYSTEMS
(75) Inventors: Stirling Martin, Madison, WI (US);
Aaron Webb, Madison, WI (US)
(73)

Assignee: Epic Systems Corporation, Verona, W1

Us)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 259 days.

1)
(22)

Appl. No.: 13/597,959

Filed: Aug, 29, 2012

Related U.S. Application Data

(60) Provisional application No. 61/528,362, filed on Aug.

29, 2011.

Int. CL
A6IB 5/00
US. Cl.
CPC A61B 5/0002 (2013.01)
Field of Classification Search

USPC 705/2, 3; 340/539.12; 707/10
See application file for complete search history.

(1)

(52)

(2006.01)

50 TG

(56) References Cited

U.S. PATENT DOCUMENTS
2003/0028536 Al*

2006/0017563 Al*
2013/0218588 Al*

2/2003 Singh HO4W 4/02
1/2006 Rosenfeld et al. ...... 340/539.12
8/2013 Kehretal. .coooeviivianrinnnn, 705/2

* cited by examiner

Primary Examiner — John Pauls
(74) Attorney, Agent, or Firm — Boyle Fredrickson, S.C.

(7) ABSTRACT

A computer-implemented patient monitoring  system
includes a patient data monitoring system on a first com-
puting system, including a patient medical data query engine
configured to generate one or more rule execution requests.
The monitoring system further includes a network circuit
communicating with the medical database system and one or
more remote patient care computing devices. The remote
care computing devices in turn include a patient medical
data repository and a query response engine configured to
respond to received rule execution requests. Responding to
rule execution requests includes verifying the validity of a
rule execution request, identifying data in the patient medi-
cal data repository responsive to the rule execution request,
and transmitting response patient medical data responsive to
the rule execution request.

13 Claims, 7 Drawing Sheets
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ICU TELEMEDICINE SYSTEM FOR VARIED
EMR SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. provisional
application 61/528,362 filed Aug. 29, 2011 and hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to telemedicine systems and
in particular telemedicine systems useful for intensive care
units.

Intensive care units (ICUs) are, for example, departments
in a hospital dedicated to treating patients who need constant
care or who are subject to life-threatening conditions. Such
1CUs may include those specializing in neonatal, pediatric,
psychiatric, coronary care, and/or post anesthesia care
among other specialties. ICUs typically provide specialized
equipment such as ventilators, dialysis equipment, defibril-
lators, and monitoring equipment which automatically
monitor pulse, blood pressure, breathing, body temperature
and the like.

ICUs often have high staffing needs, for example, requir-
ing critical care nurses who can respond to deterioration in
patient condition and physicians specializing in ICU practice
who are available for immediate consultation with respect to
developing problems. This high level of stafling can impose
a significant burden to smaller facilities particularly over-
night when other facility staffing is normally reduced.

To address this problem, ICU telemedicine has been
developed allowing healthcare professionals specializing in
ICU care but located at a remote command center to monitor
multiple scattered ICU units via computer and communica-
tion networks. Such ICU telemedicine systems may provide
video feeds as well as a transmission of clinical data from
instruments in the ICU and may tap the local electronic
medical record (EMR) system into which data about the
patients may be entered manually. The availability of elec-
tronic medical record systems makes it possible to enhance
the capability of the remote monitoring physician through
the establishment of automated rules at the remote command
center which receive clinical data feeds from the EMRs of
different ICUs and monitor the clinical data for developing
conditions of the ICU patients, for example, by comparing
selected data elements against thresholds or monitoring
trends in clinical data that may suggest an imminent prob-
lem.

The ability to use such telemedicine systems in ICU units
is hampered by the need to install compatible software both
in the ICU units and the remote command center. Such
specialized ICU software can add an unnecessary expense to
the local facility and may duplicate functions performed at
least in part by the ICU EMR typically shared with a parent
hospital and other non-ICU areas of the hospital.

An alternative approach to providing ICU telemedicine,
allowing the local EMR system to communicate directly
with the remote command center, is hampered by the variety
of different types of EMR systems in use in different
facilities and the problems attendant to communication with
a common remote command center. A variety of EMR
systems may present incompatible representations of clini-
cal data encoded into the underlying database of the EMR.
A consistent understanding of the data from each ICU is
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critical for automatic rule systems at the remote command
center used to alert an attending physician to patient prob-
lems.

Special translation software may be developed to permit
the remote command center to properly interpret and display
information from each ICU in a consistent manner but
developing this necessary translation software for multiple
different ICU EMR systems is time-consuming and expen-
sive, and may make the use of a central remote command
center impractical for some smaller ICUs which would most
benefit from telemedicine. Any translation software will
need 1o be revised periodically as the underlying EMR is
upgraded in any way that changes the type or formatting of
the contained clinical data, adding to the expense of this
approach.

SUMMARY OF THE INVENTION

The present invention provides an ICU telemedicine
system that greatly simplifies interfacing with different and
often incompatible electronic medical record (EMR) sys-
tems. Significantly, the present inventors have recognized
that the communication chain of clinical data between the
ICU and the remote command center may be divided at a
point after at least initial stages in the conversion of the raw
data into a decision outcome, and that decision outcome
rather than the underlying data may be transmitted to the
remote command center. This is possible by downloading or
otherwise transferring the analysis rules used by the remote
command center to the EMR system of the ICU department.
Various aspects of the invention may therefore provide for a
significant saving in bandwidth in connecting remote com-
mand centers with ICUs, the avoidance of effort in trans-
lating data in electronic medical records to a common form
for the application of rules, and a simple mechanism to
accommodate variations on rules for each facility.

By locating clinical analysis rules at each ICU, the
problem of accommodating incompatibilities of varied EMR
systems is internalized to the EMR system and thus remains
largely invisible to the process of remote command. That is,
the ICU EMR effectively performs the work of decoding its
own clinical data eliminating the need for multiple custom-
ized translation tables for this data at the remote command
center. In addition, distributing the clinical analysis rules
greatly reduces the amount of data that must be transmitted
between the ICU department (and/or their corresponding
electronic health record databases) and the remote command
center, an important factor when high sampling rates are
required for critical patients. Distributing the automatic
decision rules allows the monitoring chain to be largely
unaffected by internal changes in the ICU EMR system
during normal system upgrades and provides freedom for
variation of rules among different ICU units as may promote
innovation and address different environments or consider-
ations of the ICU departments. Importantly, most electronic
medical record systems provide features that permit them to
accommodate automatic decision rules as part of their
function of allowing automatic report generation and the
like.

These particular objects and advantages may apply to
only some embodiments falling within the claims and thus
do not define the scope of the invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a simplified diagram of an ICU telemedicine
system providing a remote command center serving multiple
1CUs each serving different patients and having a local EMR
system;
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FIG. 2 is a block diagram of the computer systems
implementing the ICU telemedicine system of FIG. 1;

FIG. 3 is an expanded depiction of the ICU computer
systems and equipment of FIG. 2 in greater detail, according
to an exemplary embodiment;

FIG. 4 is a representation of the communication chain
between the ICU and the remote command center schemati-
cally showing possible data outflows at different links in this
chain;

FIG. 5 is a block diagram of one embodiment of the ICU
telemedicine system of FIG. 1 providing a downloading of
rules from the remote command center;

FIG. 6 is a flowchart illustrating a series of steps of
programs executed by the computers of FIG. 2 for config-
uring the ICU telemedicine system according to this
embodiment; and

FIG. 7 is a flowchart illustrating the steps of programs
executed by the computers of FIG. 2 in providing patient
monitoring data in response to a rule execution request,
according to an exemplary embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, an ICU telemedicine system 10
may provide for a remote command center 12 typically
located in the building separate from multiple local health-
care facilities 14a-14d each holding ICUs and with which
the remote command center 12 may communicate over a
network 16 (providing for wired or wireless communica-
tions). Exemplary local healthcare facilities 14a-14d can
include, for example, smaller clinics or hospitals lacking
specific expertise necessary for some types of ICU care. The
remote command center 12 may be a hospital in a large city
or a centrally located facility having a larger diversity of
expertise or specialists. Generally the local healthcare facili-
ties 14a-14d will be at a distance from the remote command
center 12 that will make difficult physical commuting by
healthcare experts from the remote command center 12 to
the local healthcare facilities 14a-14d. For example, this
separation distance may be more than one half hour and
typically many hours or more away by transportation time or
more than 10 miles away and typically hundreds of miles
away by distance. More fundamentally, the remote com-
mand center 12 is separated from the local healthcare facility
14 either by distance or other barriers so as to prevent
practical physical access by personnel of the remote com-
mand center 12 to the local healthcare facility 14 for the
purpose of administering health care. Thus, for example, the
remote command center 12 may be only a short distance
away but separated in time by the obstacles imposed by
separate buildings, elevators, busy streets, etc. Often the
remote command center 12 will be separated from the local
healthcare facility 14 electrically by the interposition of
different networks (for example local area networks) that are
incompatible or unconnected except through their connec-
tions with a global network such as the Internet. This chain
of communication further may include some relatively low
bandwidth networks such as radio or satellite links to remote
locations.

Each local healthcare facility 14a-14d, for example local
healthcare facility 144, may provide for one or more beds 18
for critical patients 19 and local nursing staff 20 to admin-
ister to those patients 19. ICU equipment 22 for monitoring
and caring for the patients 19 may be provided including, for
example, equipment described above with respect to stan-
dard ICU care including: vital signs monitors, patient video
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monitoring devices, patient pulse monitors, blood sugar
monitors, blood pressure monitors, oximeters etc. ICU
equipment 22 may further include devices configured to
interact with the patient 19, such as a system for adminis-
tering and/or modifying medication levels, patient notifica-
tion devices, a patient video conferencing system, etc. Data
collected from such ICU equipment 22, for example an
intravenous medication administration device such as an
infusion pump, may include fluid delivery rate, medication
administration rate, administration history, etc.

This ICU equipment 22 may communicate electronically
with an electronic medical record (EMR) system 24 serving
the local healthcare facility 14d typically not limited to the
ICU. Often this ICU equipment 22 connects with the elec-
tronic medical record system 24 so that the latter provides
essentially the only communication path for obtaining data
from the ICU equipment 22. The ICU equipment 22 may
provide clinical data such as pulse rate, blood sugar, blood
pressure, blood oximetry, and respiration rate. The EMR
system 24 may also receive data collected manually by local
nursing staff 20, physicians, and other healthcare profes-
sionals at the local healthcare facility 144 in addition to the
data collected directly from the ICU equipment 22.
Examples of data manually entered in the EMR system 24
include assessments by healthcare providers, recordation of
a medication administration, a description of the patient’s
condition, ventilator system settings, conditions met, etc.;
some data may be manually or electronically entered includ-
ing, for example, results of lab tests received electronically
from the laboratory (e.g., blood gas testing results, urine
testing results, culture results, etc.). In this respect, the EMR
system 24 may provide the only comprehensive overview of
all data associated with the patient 19.

Generally the EMR system 24 holds clinical medical data,
being medical descriptions of the patients 19 as generated as
a part of the administration of medical care.

The EMR system 24 may be, for example, of the type
manufactured by Epic Systems Corporation of Verona, Wis.
under the trade names of EpicCare and Epic, although the
present invention anticipates operation with a variety of
EMRs 24 that are not necessarily compatible with each
other, for example, EMRs 24 from different vendors having
data structures or terminology that are not congruent.

Referring now to FIG. 2, generally the remote command
center 12 will provide a computer system 26q including a
processor 30a and memory system 32a (typically including
high-speed random access memory and one or more disk
storage units) inter-communicating so as to allow execution
of a program 34a in the memory by the processor 30a. The
computer system 26a may further include interface circuits
28a communicating with the network 16 and with one or
more terminals 36a providing, for example, a graphic dis-
play monitor, a keyboard and a mouse and the like, the
former for providing information to a healthcare profes-
sional in his or her remote command center 12 and the latter
receiving commands from that individual in the process of
monitoring patients 19 at the local healthcare facilities 14.

In the local healthcare facilities 14, a similar computer
system 26b may provide for the functionality of the elec-
tronic medical record system 24 and include a processor
305, memory 325 (holding program 34b), interface circuits
28b, and terminal 36b generally corresponding in function to
their similarly numbered counterparts described with respect
to the remote command center 12. In this regard, terminal
36b may generally communicate with a keyboard and a
cursor control device such as a touchpad or mouse and may
include other data entry devices including, for example, a
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reader such as a barcode reader for scanning medications
immediately prior to their administration. The terminal 36
may be a fixed computing device, a portable computing
device such as a laptop computer, a tablet computer, a
handheld computing device, etc. Patient clinical data for the
EMR system 24 may be received from the terminal 36 as
manually entered by a healthcare provider or uploaded from
a patient medical record representing data obtained about the
patient 19 from earlier visits or other healthcare profession-
als.

One or more of the interface circuits 285 may receive data
automatically collected through ICU devices 28 from a local
network 29, for example, this data recording the operation of
those ICU devices 28 and monitoring critical patient infor-
mation such as pulse oximetry, pulse rate, respiration rate,
blood pressure, temperature and the like. The local network
29 may provide for wireless or wired communication as is
well understood in the art. Such automatic data collection
may occur on a regular basis at a high update rate commen-
surate with the dynamic qualities of the data being recorded.
For example, pulse rate may be updated every few seconds.
This information may be stored in a medical database 38
associated with the EMR system 24 typically in a propri-
etary format compatible with a database management sys-
tem implemented by program 345.

Referring now to FIG. 3, the EMR system program 34
may generally include a database management system 40
managing the medical database 38 holding the clinical data
provided by the staff 20 and collected from the ICU equip-
ment 22. This data supplements the data from the ICU
devices 28 and may include, for example, a list of medica-
tions being administered to the patient (meds), the results of
laboratory tests (labs), or other types of input data available
from the EMR such as admit, discharge, transfer (ADT)
events, recent emergent surgeries, etc. The database man-
agement system 40 generally allows the inputting of data to
the medical database 38, together with its proper encoding,
indexing and storage, and further allows retrieval of infor-
mation from the medical database 38 using, for example,
queries expressed in a standard query language automati-
cally generated through such queries in one or more pre-
defined reports. The database management system 40 thus
operates to allow access to medical records during the
normal course of business by the local healthcare facility 14.

The program 34 may further include a rules block 42 that
may receive and execute rules to interpret data from the
medical database 38. Generally this rules block makes use of
pre-existing capabilities of standard EMR systems 24 to run
automatic queries for the generation of standard reports,
outputs, or the like As implemented in the present invention,
the rules block 42 may provide for internal clock 44 for
triggering an analysis of the data in the medical database 38
at a regular time, through a query formulator 46 which
produces a necessary query that is compatible with the
database management system 40 to obtain predefined data
required by the desired automatic analysis rules. This data is
then provided to a rules engine 48 which will provide a
decision outcome 50 based on predetermined rules that may
be provided to a network stack 52 for communication over
the network 16 with the remote command center 12. It will
be appreciated, that this “push” model, with data transfer
triggered by the medical database 38, may alternatively be
replaced with a “pull” model where the remote command
center 12 queries the medical databases 38 on a schedule to
obtain data.

Generally, the rules block 42 will receive customized rule
information 45 that controls the internal clock 44, the query
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formulator 46, and the rules engine 48. This customized rule
information 45 may include the timing of execution of the
rule by the clock 44, formulation of the necessary queries for
the query formulator 46 including data needed from the
medical database 38 and the proper syntactic structure of the
query, and the logic of the rules engine 48, and may be
downloaded over the network 16 or may be entered through
a local data port or the like manually.

As noted, the rules block 42 may operate in the back-
ground as part of program 34 of the EMR system 24 using
standard functionality provided by most EMR systems 24
used to generate internal reports, outputs or the like as part
of the normal functioning of the local healthcare facility 14.
Accordingly the rules block 42 is compatible with most
EMR systems without substantial modification of those
systems. Compatibility in this sense, means that the rule
block allows the implementation of rules having an intended
functional goal across many ICU’s (e.g. producing a similar
output under substantially identical patient conditions), yet
in ICU systems employing different EMR technologies and
different database structures and/or data terminologies.

Referring still to FIG. 3, the invention contemplates the
possibility of a wide variety of different rules being executed
by the rules engine 48. An example rule may be formulated
generally as a combination of Boolean and arithmetical
operations acting on numeric and other data held in the
medical database 38. A general rule will make use of both
dynamic and static data from the medical database 38, these
categories roughly characterizing how fast the data changes.
Dynamic data will generally include physiological data such
as pulse rate and the like where the data may change on a
minute by minute basis (and has clinical significance on this
timescale) and typically must be refreshed on the order of 10
minutes or less. Static data may include patient conditions
such as diabetes, physical trauma or the like that typically
remains the same over a period of hours or days.

In an example rule, the query formulator 46 may be
programmed to obtain two data elements: P1, and P1,
being physiclogical data taken at two time samples, for
example, current blood pressure and blood pressure five
minutes previously. The query formulator 46 may also
obtain additional data elements P2, and S1, being different
physiological dynamic data and static data respectively such
as patient pulse rate and general health state (e.g. at risk of
circulatory shock) respectively.

The data from the query formulator 46, as received from
the database management system 40 after submission of the
query, may be passed to the rules engine 48 to be processed
to produce a decision outcome 50. In this example, P1, and
P1,,_, may be differenced by summing block 54 to determine
a trend (e.g. falling blood pressure) and that difference
compared by comparator 56 to a predefined threshold (T1)
being part of the data 45. The result provides a Boolean
output to an AND combiner 58. The value of P2, may then
be compared directly to a second threshold (T2) by com-
parator 60 to produce a Boolean output to another input of
the AND combiner 58. In this example, the third input to the
AND combiner 58 may be a state of the patient 19 S1,, in a
particular category, for example in this case, as indicating
risk of susceptibility to circulatory shock.

The output of the AND combiner 58 may then provide an
indication of the coincidence of three necessary conditions
for generating an alert, for example, of falling blood pres-
sure, low pulse rate in a patient 19, and susceptibility to
circulatory shock. This output may be provided to an edge
detector 62 which triggers transmission of the decision
outcome 50 to the remote command center 12 alerting a
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monitoring healthcare professional at the remote command
center 12. These particular functional elements will typically
be implemented by standard computer instructions.

As noted above, the output of the edge detector may
alternatively be stored until a request from the remote
command center 12 is received and the output provided only
in response to the remote command center instruction if the
rule has been satisfied.

This highly simplified rule is intended to show how
Boolean and algebraic constructs can be used to construct
rules of arbitrary complexity. Comparators 56 and 60 may
determine whether an input value is above or below a given
threshold and the edge detector 62 may be placed in-line
with any parameter or calculation to cause the transmission
of a decision outcome 50 only upon change of state if
desired. Individual parameters may be subject to both trend
analysis and absolute value assessment.

While the above examples describe simple arithmetic and
Boolean combinations, it will be appreciated that the rules
are not limited to simple mathematical or logical operations
on numerical data. For example, the rules may deduce a
patient condition, such as “the patient has pneumonia™ or
“the patient has diabetes”. These states may be derived from
an analysis of clinical data or from text or data entered by
physicians in the EMR, for example, as contained diagnoses
found in physician notes or a patient problem list. This
analysis may invoke complex processes such as artificial
intelligence or other data mining techniques that go beyond
simple mathematical or logical statements.

In this respect, the rule may serve to extract general
clinical data from the EMR not otherwise characterized.
This patient state data, which may have a textural anteced-
ent, may be used alone and reported out as such, or may be
used as an input to another rule to be combined with other
EMR data according to logical or arithmetic or other rules.
In this case, the derived patient state may be used to select
among different sub-rules according to the patient diagnosis.
For example, reporting thresholds may change according to
whether the patient has one or more conditions.

Referring now to FIG. 4, it will be appreciated that the
medical database 38, the database management system 40,
the rules block 42, and the network circuit 52, present a
chain in the transmission of data related to the patients 19 in
the local healthcare facilities 14 to the remote command
center 12. While data may be transmitted directly from the
medical database 38, such data transmissions require a
substantial bandwidth 64a and typically a translation of the
data into a common form per translation program 66. More
generally, data directly from the medical database 38 may
adopt any of a variety of different formats for storing data
requiring translation or a conversion step practically pre-
venting direct access to access the data at all.

Reduced data transmission can be obtained by commu-
nicating with the medical database 38 through the database
management system 40 to provide for selective data prop-
erly interpreted by the database management system 40
decreasing bandwidth 644 in response to the need for
transmission of a specialized query from the remote com-
mand center 12.

In contrast, the present invention’s transmission of a
decision outcome 50 provides a much reduced bandwidth
64c¢ and eliminates the necessity of a translation program 66
at the remote command center 12.

By transmitting only upon changes in decision outcome
50, a further bandwidth reduction may be achieved. The
term “bandwidth” as used herein comports with the gener-
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ally understood concept combining an amount of data trans-
mitted and the speed of data transmission.

Referring now to FIG. 5, a simplified representation of the
EMR system 24, including a medical data repository in the
form of medical database 38, in communication with a
patient data monitoring system 140 over network 16, is
shown, according to an exemplary embodiment. Network
16, as noted above, may be any type of communication
network, such as the Internet, allowing medical record
system 24 to communicate with monitoring system 140.
Although only a single medical record system 24 is shown,
it should be understood that patient monitoring system 140
may be configured to communicate with a large number of
systems 24 to provide remote patient monitoring services
from a central location to multiple remote locations. Further,
although shown and described as being implemented by
system 24, the present system and method may be imple-
mented by an ancillary computing device communicating
with the system 24.

In order to provide patient clinical data to monitoring
system 140, medical record system 24 may be configured to
implement a query response engine in the form of the query
formulator 46 configured to interact with monitoring system
140. Query formulator 46 may be software configured to
implement rules on the local system to efficiently provide
patient clinical data to monitoring system 140 in response to
one or more queries sent by query supervisor 144 having a
rules repository 146, as described below in further detail
with reference to FIGS. 6-7.

Arden syntax is one possible grammar for representing
and processing medical conditions and recommendations
embodied in medical algorithms. A patient monitoring rule
may be a medical logic module written in Arden syntax that
is called by the query formulator 46 when manually trig-
gered or when the condition it is written to detect occurs.
Detecting a condition may be triggered based on data stored
in medical database 38, data being received from a moni-
toring device or manually entered by a healthcare provider,
etc. as described above

Implementing rules on EMR system 24 may include
retrieving and transmitting a subset of stored clinical data for
a patient 19 from medical database 38. Implementing rules
on system 24 may further include generating new clinical
data based on the stored clinical data for a patient 19. One
example of generating new clinical data may include, for
example, generating a priority code indicating the likelihood
that the patient 19 will need attention from a healthcare
provider based on patient clinical data. Another example
may include generating an advisory where the patient clini-
cal data indicates that the patient 19 may have a specific
medical condition. An advisory may be presented as a risk
score, a priority ranking, etc. to present information indica-
tive of the level of a patient’s risk of deterioration, the
urgency of actions that are recommended for the patient 19,
etc. Another example may include generating one or more
potential diagnoses based on the patient clinical data.

Query formulator 46 may be a software application imple-
mented by medical record system 24. The rules used by the
query formulator 46 may be an installed component of
system 24, may be received from monitoring system 140
during an initial communication protocol, may be received
as a component of a request for specific information from
monitoring system 140, etc., as is also described in further
detail below.

Query formulator 46 may be configured to receive a
request for patient status information from the monitoring
system 140. According to one embodiment, the request is for
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data that is less than the complete data set for the patient 19
being monitored. Accordingly, rather than duplicating copi-
ous clinical data for transmittal and storage on monitoring
system 140, query formulator 46 is configured to locally run
one or more patient monitoring rules on system 24 and
generate a rule response that includes patient data that is less
than the complete set of patient clinical data stored in
medical database 38.

Referring now to FIGS. 5 and 6, a flowchart 500 illus-
trating a series of steps to be performed in a method for
initiating a remote monitoring process is shown, according
to an exemplary embodiment. In implementing the steps
illustrated in flowchart 500, a query formulator 46 operating
on the medical record system 24 and in communication with
the monitoring system 140, establishes a set of data linkages
between these components permitting the monitoring sys-
tem 140 to receive information from system 24 during a
remote monitoring period for a patient 19. Although specific
steps are shown in flowchart 500 as being performed in a
specific order, it should be understood that the method may
be performed using more, fewer, and/or a different ordering
of steps to implement the systems and methods described
herein.

In a step 502, remote patient monitoring is initiated.
Initiation of remote patient monitoring may be performed
by, for example, executing a program using medical record
system 24 and/or patient monitoring system 140. For
example, according to an exemplary embodiment, a health-
care provider at a remote command center 12 may initiate
remote patient monitoring to be performed by the local
healthcare facility 14. In response, system 24 may be
configured to transmit an initiation request to monitoring
system 140. The initiation request may be configured to
include the information required to initiate patient monitor-
ing including, for example, a patient identifier, a medical
record system 24 identifier, security information, a health-
care provider identifier, etc.

Following initiation, data communication between sys-
tems 24 and 140 may be implemented using a secure data
synchronization protocol. Examples of systems for imple-
menting secure data synchronization are described in U.S.
patent application Ser. No. 10/794,933, filed Mar. 5, 2004
and U.S. patent application Ser. No. 12/412,535, filed Mar.
27, 2009, both of which are hereby incorporated by refer-
ence in their entirety.

Generally, system 140 transmits the security information
to the medical record system 24 providing the authority for
system 140 to access the records of the medical database 38
of the medical record system 24. Such security information
may include identification and password information, for
example, manually entered through the keyboard of the
patient care computing terminal 36a. Alternatively, this
security information may be provided using more advanced
authentication techniques such as establishing a secure com-
munication channel. The security information may be later
received by an authentication module, typically imple-
mented in software in the medical record system 24, block-
ing access to the medical record system 24 where unauthor-
ized.

During initiation of the patient monitoring communica-
tion channel, system 140 may be configured to determine
whether medical record system 24 is configured for remote
patient monitoring. Wherein medical record system 24 is
configured for remote patient monitoring, system 140 may
proceed to patient monitoring step 502.

Where medical record system 24 is not already configured
for remote patient monitoring, in a step 504, monitoring
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system 140 may be configured to identify the particular
medical record system being implemented by the remote
location. Monitoring system 140 is configured to identify the
medical record system to determine whether the local
healthcare facility 14 is implementing a compatible medical
record system 24 or incompatible medical record system 24.

Monitoring system 140 may be further configured to
determine whether the remote location medical record sys-
tem has installed a query formulator 46. If not, and based on
the identification of the medical record system in step 504,
monitoring system 140 may be configured to transmit for
installation, a system specific query formulator 46 in a step
506.

Monitoring system 140 and/or query formulator 46 may
further be configured to include one or more rules for
instantiation and implementation within query formulator 46
in a step 508. According to an exemplary embodiment, the
specific rules may be dependent on the type of patient
monitoring to be performed as indicated during monitoring
initiation step 502. Further, the specific rules may be depen-
dent on the type of medical record system implemented by
medical record system 24.

Rules repository 146 may be configured to include mul-
tiple instantiations of each type of rule depending on the type
of electronic medical record system to be monitored. For
example, a rules repository may include multiple rules for
various known Arden-compliant decision support applica-
tions. Typically, rules may be associated with specific medi-
cal logic modules that are customized for specific use in a
proprietary environment. The rules repository 146 may
provide for different rules for different local healthcare
facilities 14 allowing variation and experimentation among
different healthcare settings.

Rules repository 146 may further include sets of rules
organized in tiers of priority. For example, a first tier may
include rules requiring an immediate interruption, such as
when a patient 19 had been administered an antibiotic that
is known to be ineffective for a diagnosed infection noted in
medical database 38. A second tier may include rules requir-
ing checking based on a time period, such as every four
hours, to monitor a patient’s condition using known best
practices. A third tier may include rules that are not associ-
ated with specific timing, but are known to be good prac-
tices, such as determining whether received data from moni-
toring ICU equipment 22 correlates with information stored
in medical database 38, indicating good documentation
practices, whether a patient 19 with the flu has been properly
elevated, etc. A fourth tier may include rules associated with
known risk conditions, such as removal of a patient 19 from
a ventilator, etc.

In performing remote patient monitoring, patient moni-
toring system 140 may periodically transmit a rule execution
request to request patient clinical data contained within
records of the medical database 38 stored in the memory 32
of the medical record system 24 that the healthcare provider
wishes to access, as indicated by process block 510. Patient
information may also be transmitted based on detected
changes in the condition of patient 19, based on specific
requests, based on one or more advisory conditions, based
on periodic monitoring, etc. Information requests may be
implemented by system 140 by transmitting a rule execution
request to the query formulator 46. Each rule execution
request may be configured to include patient identification
information. Query formulator 46 is configured to receive
and execute a rule based upon the contents of the rule
execution request in a step 512, as described in further detail
below with reference to FIG. 7.
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According to an exemplary embodiment, a rule execution
request may be configured to request information related to
one or more patients 19. For example, a rule execution
request may be configured to request specific information
for a single patient 19 based on a diagnosis associated with
that patient 19. Alternatively, a rule execution request trans-
mitted hourly may be configured to request updated vital
sign data for all patients 19 being monitored at the remote
healthcare facility.

Referring now to FIG. 7, a flowchart 600 illustrating a
method for providing patient monitoring data in response to
a rule execution request to be implemented by query for-
mulator 46 is described in further detail, according to an
exemplary embodiment. A rule execution request may
include a variety of types of information, including, but not
limited to, a list of patients 19 for whom rules are to be
executed, a listing of rules to be executed, a ranking of rule
execution priority, a listing of rule execution timing, etc.

In a step 602, medical record system 24 is configured to
continuously receive updated information for one or more
patients 19 being cared for by a healthcare provider, such as
remote command center 12 or local healthcare facility 14.
Exemplary information can include output from any patient
monitoring device 22 information provided by one or more
healthcare providers such as observation data, test results,
transcription of patient information received orally from the
patient 19, etc.

In a step 604, query formulator 46 may be configured to
receive a request to begin remote patient monitoring.
Remote patient monitoring may be initiated using a variety
of methods, including, for example, transmitting a request
from query formulator 46 to patient monitoring systems 140,
receiving one or more rule execution requests at query
formulator 46 from patient monitoring system 140, manual
initiation by a healthcare provider using a medical record
system 24, etc.

In a step 606, a query formulator 46 may be configured to
receive a rule execution request. The rule execution request
may be transmitted from patient monitoring system 140
and/or may be initiated locally. The execution request may
be initiated locally based on a detected change in the
condition of the patient 19, based on elapsed time, based on
a manual request by a healthcare provider, etc.

In a step 608, query formulator 46 is configured to execute
one or more rules in response to the received rule execution
request. Executing a rule may include receiving data from
medical database 38, generating data based on a plurality of
inputs, requesting data from a healthcare provider, etc.

In a step 610, query formulator 46 is configured to
generate and transmit rule execution results. The rule execu-
tion results may include data copied directly from an elec-
tronic medical record of the patient 19 stored within medical
database 38, where the data is less than all of the available
data for patient 19. The rule execution results may further be
configured to include calculated information generated
based on the data stored within medical database 38.

In a step 612, the patient monitoring system 140 is
configured to receive the transmitted rule execution results.
Transmitted rule execution results may be analyzed by
system 140 to generate a monitoring priority ranking. The
priority ranking may be generated based on the received data
and known best practices. One such example may include
recognition that the received results indicate one or more
patient conditions that require intervention by a healthcare
provider.

Referring again to FIG. 6, after rule execution, clinical
medical data may be exchanged between the EMR system
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24 and the remote command center 12 in a step 514, with
data input at the patient care terminal 365 passing to the
medical database management system 40 to be entered into
the records of the medical database 38 within the memory
32, and data from the memory 32, as processed by the query
formulator 46, being transmitted to the remote command
center 12.

The present invention has been described in terms of the
preferred embodiment, and it is recognized that equivalents,
alternatives, and modifications, aside from those expressly
stated, are possible and within the scope of the appended
claims.

We claim:

1. A telemedicine system including a remote site and a
plurality of intensive care units (ICUs), comprising:

an intensive care unit telemedicine system implemented at
each of the plurality of intensive care units [CUs, each
intensive care unit telemedicine system including:

an ICU database system for receiving and storing clinical
data related to at least one patient in accordance with a
database type that defines data structures or terminol-
ogy used by the database system;

at least one ICU patient device collecting clinical data
related to the at least one patient; and

an ICU computer system in communication with the ICU
database system and with the remote site, the ICU
computer system programmed to execute a stored pro-
gram held in non-transient media to:

(a) receive a query formulator inquiry from the remote
site;

(b) transmit a query formulator response to the remote site
indicating whether the ICU computer system includes
an installed, system specific query formulator;

(c) receive and instantiate a query formulator from the
remote site based on a negative query formulator
response, wherein the received and instantiated query
formulator is system specific to the database type of the
intensive care unit telemedicine system;

(d) receive at least one rule from the remote site, the rule
defining one or more decision outcomes to be generated
when clinical data satisfies one or more clinical param-
eters for the decision outcome;

(e) generate a plurality of data requests for each received
rule using the system specific query formulator, each
data request

1) using data protocols using the data structures or ter-
minology compatible with the database type of the
intensive care unit telemedicine system; and

2) correlated to a single clinical data entry from at least
one of the ICU database system and the ICU patient
device related to the at least one patient in the intensive
care unit;

(f) executing the received rule including execution of the
plurality of data requests and application of the rule to
data entries provided based on the execution of the data
requests to generate a decision outcome; and

(g) transmitting the generated decision outcome to the
remote site, wherein the ICU database system of at least
one of the plurality of ICUs has a database type that is
a different database type from at least one of the
remaining ICUs.

2. The telemedicine system of claim 1 wherein the inten-
sive care unit and the remote site are separated so as to
prevent direct physical administration of care to the one
patient by an individual at the remote site.

3. The telemedicine system of claim 2 wherein the ICU
patient device is selected from the group consisting of a vital
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sign monitor, a patient pulse monitor, blood sugar monitor,
ventilator, dialysis equipment, defibrillator, respirator, and
fetal monitor.

4. The telemedicine system of claim 3 wherein the clinical
data entry provides a medical description of a patient
generated as part of an administration of medical care to the
patient.

5. The telemedicine system of claim 4 wherein the rule
combines numeric representations of the clinical data entry
according to logical and arithmetic operations to produce a
Boolean value or a numeric value or range.

6. The telemedicine system of claim 5 wherein the rule is
formulated from at least one of an arithmetic and Boolean
operation.

7. The telemedicine system of claim 6 wherein the clinical
data entry is selected from the group consisting of pulse rate,
blood pressure, blood oximetry, and respiration rate.

8. The telemedicine system of claim 5 wherein the rule
extracts a patient condition from the clinical data entry.

9. The telemedicine system of claim 1 wherein the deci-
sion outcome is transmitted only on changes in the decision
outcome.

10. The telemedicine system of claim 1 wherein the stored
program further comprises instructions to: (e) receive a rule
definition for a new rule, the rule definition including
instructions to the ICU computer for performing a new data
request by identifying the ICU patient device and defining
parameters for the ICU computer to obtain the clinical data
entry of step (a.1).

11. A telemedicine system for monitoring multiple inten-
sive care units at a remote site, the system comprising:

a remote electronic processing system at the remote site;

a plurality of ICU electronic processing systems: at each
of the multiple intensive care units, each ICU electronic
processing system including:

(a) an ICU database system for receiving clinical data
related to at least one patient in an intensive care unit;

(b) at least one ICU patient device communicating with
the at least one patient to collect clinical data related to
the at east one patient;

(¢) an ICU computer system in communication with the
ICU database system and with the remote site, the ICU
computer system programmed to execute a stored pro-
gram held in non-transient media to:

(a) receive a query formulator inquiry from the remote
site;

(b) transmit a query formulator response to the remote site
indicating whether the ICU computer system includes
an installed, system specific query formulator;

(c) receive and instantiate a query formulator from the
remote site based on a negative query formulator
response, wherein the received and instantiated query
formulator is system specific to the database type of the
intensive care unit telemedicine system;

(d) receive at least one rule from the remote site, the rule
defining one or more decision outcomes to be generated
when clinical data satisfies one or more clinical param-
eters for the decision outcome;

(e) generate a plurality of data requests for each received
rule using the system specific query formulator, each
data request

1) using data protocols using the data structures or ter-
minology compatible with the database type of the
intensive care unit telemedicine system; and
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2) correlated to a single clinical data entry from at least
one of the ICU database system and the ICU patient
device related to the at least one patient in the intensive
care unit;

(f) executing the received rule including execution of the
plurality of data requests and application of the rule to
data entries provided based on the execution of the data
requests to generate a decision outcome; and

(g) transmitting the generated decision outcome to the
remote site, wherein the ICU database system of at least
one of the plurality of ICUs has a database type that is
a different database type from at least one of the
remaining ICUs.

12. The telemedicine system of claim 11 wherein the
stored program further comprises instructions to: (iv)
receive a rule definition for a new rule for step (i.1) from the
remote site including a listing on the data requests to be
executed in step (ii), wherein the programs associated with
different intensive care units receive different rule defini-
tions.

13. A method of implementing a telemedicine system for
monitoring an intensive care unit at a remote site using a
system having;

an ICU database system for receiving clinical data related
to at least one patient in an intensive care unit;

at least one ICU patient device linked to and communi-
cating to the database system clinical data related to the
at least one patient;

an ICU computer system in communication with the
database system and with the remote site;

the method comprising the execution of a stored program
held in non-transient media by the ICU computer
system to:

(a) receive a query formulator inquiry from the remote
site;

(b) transmit a query formulator response to the remote site
indicating whether the ICU computer system includes
an installed, system specific query formulator,

(c) receive and instantiate a query formulator from the
remote site based on a negative query formulator
response, wherein the received and instantiated query
formulator is system specific to the database type of the
intensive care unit telemedicine system;

(d) receive at least one rule from the remote site, the rule
defining one or more decision outcomes to be generated
when clinical data satisfies one or more clinical param-
eters for the decision outcome;

(e) generate a plurality of data requests for each received
rule using the system specific query formulator, each
data request

1) using data protocols using the data structures or ter-
minology compatible with the database type of the
intensive care unit telemedicine system; and

2) correlated to a single clinical data entry from at least
one of the ICU database system and the ICU patient
device related to the at least one patient in the intensive
care unit;

(B) executing the received rule including execution of the
plurality of data requests and application of the rule to
data entries provided based on the execution of the data
requests to generate a decision outcome; and

g) transmitting the generated decision outcome to the
remote site, wherein the ICU database system of at least
one of the plurality of ICUs has a database type that is
a different database type from at least one of the
remaining ICUs.
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