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67 ABSTRACT

A system and method of managing therapy provided to
patients in an institution. The system monitors all aspects of
the medication delivery to a patient, as well as other informa-
tion related to the patient, such as values of vital signs, labo-
ratory results and patient factors such as history, diagnosis,
allergies and the like. The system includes one or more data-
bases of information, including institutionally developed
rules, guidelines and protocol representing the best medical
practices of the institution. The system provides alerts and/or
recommendations based on the application of the rules to the
information being monitored, and alerts care givers accord-
ingly, providing for dynamic adjustment of the patient’s
therapy. The system also monitors the status of the alerts, and
if no action is taken in a selected period of time, may escalate
the priority of the alert and/or halt the delivery of medication
to the patient until the alert is resolved.
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SYSTEM AND METHOD FOR
DYNAMICALLY ADJUSTING PATIENT
THERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 12/947,773, filed Nov. 16, 2010,
and currently pending, which is a continuation of U.S. patent
application Ser. No. 10/925,511, filed Aug. 25, 2004, now
U.S. Pat. No. 7,860,583, the entire disclosures of each which
are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to systems
and methods for managing patient care in a health care facil-
ity, and more particularly, to systems and methods for moni-
toring the therapy delivered to a patient, comparing the
therapy administered, and the progress ofthe patient to guide-
lines based upon information obtained from sensors associ-
ated with the patient, laboratory and clinical measurements,
institution best practices, patient parameters and require-
ments, and adjusting the therapy delivered to the patient
depending on the outcome of the comparison by providing
control signals to medical devices tasked with delivery of the
therapy to the patient.

BACKGROUND OF THE INVENTION

[0003] Until recently, the delivery of therapeutic treatment
to a patient has been essentially a manual operation. Treat-
ment orders were hand written, or telephoned to a pharmacy
or care giver. The treatment modalities, such as drugs, either
in orally ingestible form or in the form of infusion fluid,
topical, injectable, or in drop form, were carried to the loca-
tion of the patient and manually administered. In the case of
infusion fluids, the bags and fluid delivery sets were set into
an infusion pump, and a nurse entered various operational
parameters into the pump to initiate the infusion. Records of
the medication or therapy administration were essentially
hand written, even where they were eventually logged into a
computer database. Because of the manual nature of the sys-
tem, errors in delivery therapy to the patient were not uncom-
mon.

[0004] Medication errors, that is, errors that occur in the
ordering, dispensing, and administration of medications,
regardless of whether those errors caused injury or not, are a
significant consideration in the delivery of healthcare in the
institutional setting. Adverse drug events (“ADE”), defined as
injuries involving a drug that require medical intervention,
and representing some of the most serious medication errors,
are responsible for a number of patient injuries and death.
Accordingly, healthcare facilities continually search for ways
to reduce the occurrence of medication errors.

[0005] Various systems and methods are being developed
at present to reduce the frequency of occurrence and severity
of preventable adverse drug events (“PADE”) and other medi-
cation errors. In the administration of medication, focus is
typically directed to the following five “rights” or factors: the
right patient, the right drug, the right route, the right amount,
and the right time. Systems and methods seeking to reduce
ADE’s and PADE’s should take these five rights into consid-
eration.
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[0006] Inmany hospitals and clinical laboratories, a brace-
let device having the patient’s identification, such as his or her
name printed thereon, is affixed to a patient upon admittance
to the facility in order to identify the patient during his or her
entire stay. Despite this safeguard, opportunities arise for
patient identification error. For example, when a blood
sample is taken from a patient, the blood sample must be
identified by manually transcribing the patient’s name and
other information from the patient’s identification bracelet. In
transferring the patient’s name, a nurse or technician may
miscopy the name or may rely on memory or a different data
source. Moreover, manually transferring other information
such as parameters for configuring an infusion pump to dis-
pense medication may result in errors that reduce the accu-
racy and/or effectiveness of drug administration and patient
care. This may result in an increased duration of treatment
with an attendant increase in cost.

[0007] Hospitals and other healthcare institutions continu-
ously strive to provide quality patient care. The possibility of
medical errors, such as where the wrong patient receives the
wrong drug at the wrong time, in the wrong dosage, or even
where the wrong surgery is performed, is a significant con-
cern for all healthcare facilities. Many prescription drugs and
injections are identified merely by slips of paper on which the
patient’s name and identification number have been hand-
written by a nurse or technician who is to administer the
treatment. For a variety of reasons, such as the transfer of
patients to different beds and errors in marking the slips of
paper, the possibility arises that a patient may be given an
incorrect treatment. This could be prevented by using an
automated system to verify that the patient is receiving the
correct care. Various solutions to these problems have been
proposed, such as systems that use bar codes to identify
patients and medications, or systems allowing the bedside
entry of patient data. While these systems have advanced the
art significantly, even more comprehensive systems could
prove to be of greater value.

[0008] Errors can occur during the prescribing, transcrib-
ing, dispensing and/or administering phases of the medica-
tion process. In a typical facility, a physician enters an order
for a medication for a particular patient. This order may be
handled either as a simple prescription slip, or it may be
entered into an automated system, such as a computerized
physician order entry (“CPOE”) system. The prescription slip
or the electronic prescription from the CPOE system is routed
to the pharmacy, where the order is filled, so that the medica-
tion can be provided to the patient. Typically, pharmacies
check the physician order against possible allergies of the
patient and for possible drug interactions in the case where
two or more drugs are prescribed, and also check for contrain-
dications. Depending on the facility, the medication may be
identified and gathered within the pharmacy and placed into a
transport carrier for transport to a nurse station. Once at the
nurse station, the prescriptions are again checked against the
medications that have been identified for delivery to ensure
that no errors have occurred.

[0009] Typically, medications are delivered to a nurse sta-
tion in a drug cart or other carrier that allows a certain degree
of'security to prevent theft or other loss of medications. In one
example, the drug cart or carrier is divided into a series of
drawers or containers, each container holding the prescribed
medication for a single patient. To access the medication, the
nurse must enter the appropriate identification to unlock a
drawer, door, or container. In other situations, inventories of
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commonly-used drugs may be placed in a secure cabinet
located in an area at or close by a nurse station. This inventory
may contain not only topical medications but oral, intramus-
cular- (IM), and intravenous (IV)-delivered medications as
well. Nurse identification and a medication order number are
sometimes required to gain access to the cabinet.

[0010] The nurse station receives a listing of drugs to be
delivered to patients at intervals throughout the day. A nurse
or other qualified person refers to the list of medications to be
delivered, and obtains those medications from the inventory
at the nurse station or medication room. The medications are
then taken to the individual patients and the doses are admin-
istered.

[0011] Common to all of these systems is the nurse who
delivers the medication. The nurse is central to the process of
verifying that the right medication is given to the right patient
in the right dosage at the right time at the point of care. No
other person in the facility is situated as well as the nurse
delivering the medication to ensure or verify that the appro-
priate drug is being given to the appropriate patient.

[0012] Such a system though may not be capable of thor-
oughly verifying that the appropriate medication regimen is
being delivered to a patient in the case where IV drugs are
being delivered. For example, a nurse may carry an IV bag to
a particular patient area, hang the bag, program an infusion
pump with appropriate treatment parameters, and begin infu-
sion of the medication. The applicable hospital control sys-
tem, such as the pharmacy information system, may not be
informed that the patient has received the medication, such as
when a verbal order has not yet been entered into the system,
and ifthe information is lost somewhere, the possibility exists
of medicating the patient twice. Thus, there may be a break in
the link of verification that the medication is being properly
delivered to the patient if an event occurs resulting in a devia-
tion from the desired treatment parameters.

[0013] Moreover, even where the right medication arrives
at the right patient for administration, incorrect administra-
tion of the medication may occur where the medication is to
be administered using an automated or semi-automated
administration device, such as an infusion pump, if the auto-
mated device is programmed with incorrect medication
administration parameters. For example, even where the
medication order includes the correct infusion parameters,
those parameters may be incorrectly entered into an infusion
pump, causing the infusion pump to administer the medica-
tion in a manner that may not result in the prescribed treat-
ment.

[0014] One attempt at providing an infusion system with
built-in safeguards to prevent the incorrect entry of treatment
parameters utilizes hospital-defined drug dosing parameters
which are employed by the infusion instrument’s software to
monitor the infusion parameter entry process and interact
with the care-giver should an incorrect entry or an out of range
entry be attempted. In such a case, an alert is communicated
to the care-giver that the parameter entered is either incorrect
or outside of a range established by the institution where care
is being provided. The drug dosing parameters consist of
hospital-defined values for infusion parameters or other
medical treatment guidelines. They may comprise the con-
sidered “best practices” of the facility and may be updated
from time to time.

[0015] In some cases, diverse types or models of patient
care devices may need to communicate with each other for
purposes of sharing information. For instance, patient moni-
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toring devices such as vital signs monitors often have the
capability of storing transactions from other patient care
devices, such as infusion pumps. These monitoring devices
typically require the parameters of the other patient care
devices so that appropriate correlation, labeling, data valida-
tion and storage functions may be provided. Additionally, in
cases where the drug dosing parameters further include rule
sets representing patient-condition-specific rules and/or algo-
rithnis that determine dosing parameter(s) as a function of
patient data obtained from other sources in the network, infor-
mation from one device may be essential to another device
that is utilizing the hospital’s drug dosing parameters. Fur-
ther, some devices may alter operation in response to the
information received from another device, either in accor-
dance with a drug dosing rule or other operational software in
the system or device. For example, the rule for maximum and
minimum dose of a vasoactive drug such as sodium nitroprus-
side can be made dependent on the arterial blood pressure
measured by a separate instrument. If the mean blood pres-
sure exceeds a predetermined limit or meets a certain catego-
rization such as “high”, then the dosing parameter defining
the upper continuous dose limit would be reduced in accor-
dance with the parameters of the dosing rule for that drug
within a selected behavior descriptor, as that term will be
defined below.

[0016] However, each healthcare facility typically has a
different inventory of diverse models of patient care devices,
many of which are not compatible with each other because
they are made by different manufacturers or are otherwise
supported by different platforms that use different languages
and/or communication protocols to transmit or receive data.
Thus, it would be advantageous to provide a universal con-
figuration database from which these diverse devices could
easily obtain the needed communication information (e.g.
data definitions, rules, protocols, data structures and the like)
to support communication with other types of patient care
devices. It would also be advantageous if such a system was
integrated with the customizable drug dosing parameters and
rules as well as the infusion/monitoring instrument’s opera-
tional configuration parameters.

[0017] The operational behavior of many infusion devices
are capable of being customized through installation of “con-
figurable operation parameters” including such parameters as
alarm limits, maximum rates, selection of operational modes
and languages. Depending on the type of infusion device and
area in which the device is used, specific settings are needed
to provide optimal care. For instance, the neonatology depart-
ment will prefer a low rate limit, the smallest air bubble
detection limit and special settings for pressure and resistance
alarms.

[0018] For example, many infusion pumps presently avail-
able allow users to determine the behavior of the medical
device by choosing one of a list of behaviors referred to as
“profiles.” The parameters of each “profile” are defined
generically as behavior descriptors, the elements of which are
selected to provide optimal behavior of the medical device in
a specific care area (ICU, OR, etc) or type of medical care
(cardiology, oncology). By the operator’s selection of a “pro-
file”, the infusion pump or other medical device becomes
automatically customized to provide optimal operating fea-
tures for the patient’s in the selected care area. For example,
both infusion devices and vital signs monitoring modules
may be combined in a single integrated patient care system
controlled by a central computer referred to as a PCU (“point-
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of-care unit”). The operational behaviors of monitoring mod-
ules include features such as alarm limits and display range.
Similar to infusion modules, the behavior of these devices
may be customized through the selection of the desired “pro-
file” or ensemble of operating parameters.

[0019] What has been needed, and heretofore unavailable,
is an integrated system deployable within an institution that
ties together the various prescribing, delivering, and reporting
processes that deliver therapy to a patient. Moreover, such a
system would be able to access a database or databases of
various rules and patient information, including institution
medical records, clinical records and data, such as the infor-
mation provided by various clinical devices, such as blood
pressure monitors, PCO, monitors, glucose monitors, etc,
and laboratory equipment, such as that used in blood analysis
and the like, and use the accessed information to alter the
therapy provided to the patient as appropriate to ensure that
the outcome of the therapy, that is, the health of the patient, is
optimized. Such a system would also include reporting capa-
bilities to allow for monitoring and recording of the therapy
delivered to a patient, including the ability to create or update
a medical administration record, and store the record on a
server where it is available to personnel and institutional
systems that need access to it. In addition, the rules and
guidelines used to assess the delivery of a therapy to a patient
would be flexible and capable of being dynamically adjusted
as therapy is delivered to the patient so that corrections to the
therapy may be made to optimize the outcome of the therapy.
Such a system should also be capable of facilitating commu-
nication between heterogeneous patient care devices for fur-
ther integrating the various aspects of patient care such as the
operational parameters of infusion devices and monitors. The
invention fulfills these needs and others.

SUMMARY OF THE INVENTION

[0020] Briefly, and in general terms, the present invention is
directed to a new and improved information management
system and method capable of creating, managing and con-
trolling a hospital-defined universal configuration database
for patient care devices at a healthcare facility.

[0021] In one aspect, the present invention comprises a
system for managing therapy provided to a patient, compris-
ing: a communication system, the communication system
configured to provide two way transmission of information
over the communication system, a medication delivery device
having a processor and a memory associated with the proces-
sor for storing programs for operating the processor to control
the medication delivery device, the medication delivery
device also including a communication means, an input
device for inputting patient and drug information, and a dis-
play, all in operable communication with the processor, the
medication delivery device capable of communicating over
the communication system through its communication
means, at least one server operably connected to the commu-
nication system, the at least one server configured to access a
database representative of at least one institutionally deter-
mined rule, and also configured to monitor activity of the
medication delivery device and provide the medication deliv-
ery device with patient and drug information and operating
commands, wherein information entered into the medication
delivery device using the input device is communicated to the
server and the server compares the communicated informa-
tion to information stored in the database of at least one
institutionally determined rule to determine if the communi-
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cated information falls within a range of values indicated as
acceptable by the at least one institutionally determined rule,
and wherein if the comparison indicates that the communi-
cated information does not fall within a range of values indi-
cated as acceptable; the at least one server provides an alert to
a caregiver.

[0022] Inanother aspect, the server of the present invention
monitors a status of the alert, and if a selected period of time
elapses without a change in the status of the alert, increases a
priority of the alert. In an alternate aspect, the server transmits
the alert with the increased priority to a care giver through the
communication system. In yet another aspect, the server
monitors information communicated through the communi-
cation system to determine if a required laboratory or other
test for a patient has been performed within a selected period
of time, and wherein if the test has not been performed,
communicates an alert to a care giver. Alternatively, the server
monitors a status of the alert, and if a selected period of time
elapses without a change in the status of the alert, increases a
priority of the alert and communicates the alert with the
increased priority to the caregiver. In still another alternative,
the server monitors a status of the alert with the increased
priority, and if a selected period of time elapse without a
change in the status of the alert with the increased priority,
communicates an alert with a further increase of priority to
the care giver, and in another aspect, the server also commu-
nicates a command to the processor of the medication deliv-
ery device to stop delivery of the medication.

[0023] In a still further aspect, the server of the present
invention stores records containing information related to the
alert in a memory, and wherein the server analyzes the stored
records and generates reports of the information related to the
alerts.

[0024] In yet another aspect, at least one institutionally
determined rule stored on the database of the system of the
present invention is a pharmacokinetic model. In one alterna-
tive, the at least one institutionally determined rule is a phar-
macodynamic model, while in another alternative, at least one
institutionally determined rule contains information related
to drug incompatibilities.

[0025] In still another aspect, the medication delivery
device of the present invention is an infusion pump and the
processor monitors medication identification information
entered by the input device and compares the entered infor-
mation with medication identification information of a medi-
cation already being infused by the pump and accesses the
drug incompatibility information stored on the server and, if
the comparison indicates that entered medication is incom-
patible with the infusing medication, the processor commu-
nicates an alert to the care giver. In yet another aspect, the
processor accesses the server and retrieves at least one rec-
ommendation for altering a prescribed treatment regimen and
communicates the at least one recommendation to the care
giver.

[0026] In another aspect, the present invention includes a
method of managing patient therapy, comprising: communi-
cating information between therapy delivery devices, moni-
toring devices and institutional information systems; moni-
toring information communicated between the therapy
delivery devices, monitoring devices and institutional infor-
mation systems; comparing the communicated information
with a database of institutionally determined rules related to
therapies to be delivered to patients in an institution; identi-
fying instances when a proposed therapy to be delivered to a
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patient violates at least one rule of the database of institution-
ally determined rules; and communicating an alert to a care
giver that the proposed therapy violates the at least one rule.
[0027] Ina further aspect, the method of the present inven-
tion further comprises monitoring the information communi-
cated between the therapy delivery devices, monitoring
devices and institutional information systems for information
related to a specific patient, and alerting the care giver if any
of the monitored patient specific information violates the at
least one rule of the database of institutionally determined
rules. In one alternative aspect, monitoring the information
includes monitoring for information generated by monitoring
devices associated with the specific patient. In another alter-
native aspect, monitoring the information includes monitor-
ing for information generated by laboratory or other tests
associated with the specific patient; comparing the informa-
tion generated by the laboratory or other test to the at least one
rule; and alerting the care giver if the information generated
by the laboratory or other test violates the at least one rule.
[0028] In a still further aspect, the method of the present
invention further includes monitoring a status of the alert;
increasing a priority of the alert if the monitored status of the
alert indicates that the status of the alert has not changed
within a selected period of time; and communicating the alert
with the increased priority to the care giver. Alternatively, the
method also includes providing the care giver with recom-
mendations for resolving a cause of the alert, and in another
alternative, the at least one rule includes information related
to drug incompatibilities.

[0029] In yet a further aspect, the method of the present
invention also comprises storing information related to a con-
dition of the patient when the alert is communicated; storing
information related to the therapy being delivered when the
alert is communicated; and storing information related to the
alert when the alert is communicated; analyzing the stored
patient condition information, the therapy delivery informa-
tion and the alert information; and reporting the analyzed
information to the care giver. In another alternative aspect, the
method further comprises providing recommendations for
altering at least one rule in the database of institutionally
determined rules in response to the analyzed information.
[0030] In yet another aspect, the present invention com-
prises a system for managing therapy provided to a patient,
comprising: a communication system, the communication
system configured to provide two way transmission of infor-
mation over the communication system; a medication deliv-
ery device having a processor and a memory associated with
the processor for storing programs for operating the processor
to control the medication delivery device, the medication
delivery device also including a communication means, an
input device for inputting patient and drug information, and a
display, all in operable communication with the processor, the
medication delivery device capable of communicating over
the communication system through its communication
means; a second processor operably connected to the com-
munication system, the second processor configured to
access a database representative of at least one institutionally
determined rule, and also configured to monitor activity of the
medication delivery device and provide the medication deliv-
ery device with patient and drug information and operating
commands; wherein information entered into the medication
delivery device using the input device is communicated to the
second processor and the second processor compares the
communicated information to information stored in the data-
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base of at least one institutionally determined rule to deter-
mine if the communicated information falls within a range of
values indicated as acceptable by the at least one institution-
ally determined rule; and wherein if the comparison indicates
that the communicated information does not fall within a
range of values indicated as acceptable; the second processor
provides an alert to a caregiver. In one aspect, the database
includes at least one rule related to drug incompatibility. In
another aspect, the database includes at least one rule related
to drug contra-indications.

[0031] Inyetanotheraspect, the medication delivery device
is an infusion pump. In still another aspect, the system further
comprises a second infusion pump having a processor and a
memory associated with the processor for storing programs
for operating the processor to control the medication delivery
device, the medication delivery device also including a com-
munication means, an input device for inputting patient and
drug information, and a display, all in operable communica-
tion with the processor, the medication delivery device
capable of communicating over the communication system
through its communication means to the second processor,
and wherein the second processor monitors the activity of the
second infusion pump, and compares the drugs being infused
on the first and second infusion pumps to determine if the
drugs are compatible.

[0032] In a still further aspect, the medication delivery
device of the present invention further includes a means for
notifying a caregiver of an alert, and wherein an alert provided
by the second processor is also provided to the care giver by
the means for notifying the care giver of the second infusion
pump. And in a still further aspect, the database includes at
least one rule pertaining to drug incompatibility, and the
processor is programmed to compare a currently prescribed
drug to at least one previously delivered drug to determine the
presence of an incompatibility between the currently pre-
scribed drugs and the at least one previously delivered drug.
[0033] Other features and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings, which
illustrate, by way of example, the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic diagram of a institution-wide
information and therapy management system incorporating
principles of the present invention;

[0035] FIG. 2 is a schematic diagram showing details of
elements of the institution-wide information and therapy
management system of FIG. 1;

[0036] FIG. 3 is a graphic representation of a patient iden-
tification bracelet including a barcode that can be read by a
barcode reader;

[0037] FIG. 4 depicts a barcode label affixed to a medica-
tion container that can be read by a barcode reader;

[0038] FIG. 4A shows a barcode label affixed to a care
giver’s identity badge;

[0039] FIG. 5 depicts a sheet of barcode labels that can be
affixed to various containers or devices;

[0040] FIG. 6 presents a view of a patient having an iden-
tification device located on his arm that interacts with a trans-
mitter/receiver located adjacent the patient’s bedside;
[0041] FIG. 7 is a graphical representation of an infusion
set up showing primary and secondary infusion fluid sources
providing primary and secondary infusion fluids through a
Y-site connector for infusion into a patient;
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[0042] FIG. 8isaflow chart illustrating one embodiment of
the system of the present invention carried out by program-
ming commands embodied in software running on the con-
trollers, servers and information systems of the present inven-
tion that determines whether drugs intended to be infused
through a Y-site connector are compatible;

[0043] FIG.9isaflow chartillustrating one embodiment of
the system of the present invention carried out by program-
ming commands embodied in software running on the con-
trollers, servers and information systems of the present inven-
tion that generates dosing and monitoring recommendations;
[0044] FIG. 10 is a flow chart illustrating one embodiment
ofthe system of the present invention carried out by program-
ming commands embodied in software running on the con-
trollers, servers and information systems of the present inven-
tion that monitors information flowing through the system to
determine if the results of a test or monitoring parameter are
received within a specific timeframe and provides an appro-
priate alert if necessary;

[0045] FIG. 11 is a flow chart illustrating one embodiment
ofthe system of the present invention carried out by program-
ming commands embodied in software running on the con-
trollers, servers and information systems of the present inven-
tion that determines if the result of a parameter being
monitored by the system is within a specified range and
provides an appropriate alert where the result is out of range;
[0046] FIG. 12 is a flow chart illustrating one embodiment
ofthe system of the present invention carried out by program-
ming commands embodied in software running on the con-
trollers, servers and information systems of the present inven-
tion that monitors infusions administering medications,
detects when modifications to the running therapy protocol
are made, determines if the modification is appropriate, and
provides alerts and/or recommendations for correcting any
inappropriate modifications;

[0047] FIG. 13 is a graphical representation of another
embodiment of the therapy management system of the
present invention showing the clinical devices connected to a
communications network through a data concentrator;
[0048] FIG. 14 is a graphical representation of still another
embodiment of the therapy management system of the
present invention showing clinical monitoring and/or medi-
cation delivery devices transmitting and receiving informa-
tion from the communication system through a wireless com-
munication system;

[0049] FIG. 15 is a graphical representation of another
embodiment of the therapy management system of the
present invention showing a communication system where all
connections are wireless;

[0050] FIG. 16 is a graphical representation of yet another
embodiment of the therapy management system of the
present invention showing a hand held device configured to
communicate with an institutions information systems using
a wireless communication system for entering patient data
and for receiving and displaying alerts or recommendations to
a care giver.

DETAILED DESCRIPTION OF THE INVENTION

[0051] Thepresent invention provides a system and method
for administering, monitoring and managing a patient’s
therapy in a healthcare facility according to the specifications
of that facility. The present invention includes a variety of
hardware, information databases and software programs that
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interact to gather, sort, store and provide reports to care givers
at an institution regarding the delivery of medical care to a
patent.

Digital Communication Network

[0052] Referring now to drawings in which like reference
numerals are used to refer to like or corresponding elements
among the figures, there is generally shown in FIG. 1 an
integrated hospital-wide information and therapy manage-
ment system 10 in accordance with aspects of the present
invention. The exemplary system depicted in FIG. 1 shows
various institutional information systems, such as a pharmacy
information management system 20, a laboratory informa-
tion system 25, a patient information system 30, a computer-
ized order entry system 35, a patient input system 45 and may
include other institutional systems, such as other institutional
system 40, as well. These systems are connected together
using a suitable communications system 50, which includes
various hardware, such as servers, routers, hard wire commu-
nication lines, and/or wireless network gear, such as wireless
transmitters/receivers, routers, concentrators and the like. It
will be immediately clear to those skilled in the art that such
systems are programmable and function under the control and
operation of suitable software programs that may be embed-
ded in various hardware devices, stored as programs in server
memory or otherwise available when needed and called for by
the requirements of the systems.

[0053] The communications system 50 also connects the
various institutional systems described above with various
systems that administer and monitor delivery of medical
therapy to patient’s in the care giving institution. For
example, there may be a bedside control or management unit
55 located in the general location of one or more patients,
such as at a patient’s bedside. The bedside controller 55 may
be a dedicated device having a processor and memory and
communication capability, and the processor is configured to
run suitable software programs, that may be stored in con-
troller memory or downloaded over communication system
50 that allow the controller 55 to receive and transmit infor-
mation and device operating instructions or receive patient
treatment parameters to program and operate a variety of
clinical devices that are controlled by the controller 55. The
controller 55 may also monitor the progress of treatment,
including the start of treatment, and alarms or changes to the
treatment plan occurring during treatment, and providing
information about the course of treatment back to the system
so that such information may be communicated to appropri-
ate personnel or institutional systems. For example only, and
not limited to, such devices as an infusion pump 75, PCO,
monitors and other clinical devices such as a breathing rate
sensor, pulse rate sensor, body temperature sensor, blood
pressure sensor, urinary discharge volume sensor, an EKG
sensor module, an EEG sensor module, an oxygen analyzer, a
fetal monitor, a respirator, or other devices for maintaining
blood sugar, providing electric nerve stimulation, providing
physical therapy and the like may also be controlled and
monitored by controller 55.

[0054] Bedside controller 55 communicates with other
institutional systems using communication system 50. In one
embodiment, controller 55 sends information to and receives
information and/or operational commands or parameters
from server 60. Server 60 includes various modules such as a
rules database and engine 90, event reporting module 95, a
module for tracking clinical device location and status 100,
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and other modules 105, such as a reporting module that may
generate either standardized reports for use within the insti-
tution, or which may be programmed by input from care
givers, technicians, or other institutional personnel to provide
customized reports.

[0055] As depicted in FIG. 1, server 60 may be a stand
alone device, which may communicate over communication
system 50 with other interfaces or servers, such as interface/
server 65. Alternatively, interface/server 65 and server 60
may reside on the same physical device.

[0056] Interface/server 65 provides server services and
interfaces for interfacing controller 55 and server 60 with
other institutional information systems, such as the pharmacy
information system 20, the laboratory information system 25,
the patient (or hospital or clinical) information system 30, the
computerized physician order entry system (CPOE) 35, the
patient input system 45 and any other appropriate or available
institutional systems 40. Additionally, interface/server 65
may include modules for monitoring clinical devices 110
connected to controller 55 or server 60, modules for sending
alarms, alerts or other information to care giver personnel
over a pager network 115, short message service (SMS) text
messaging 120, email 125, voice over internet (VoIP) 130 and
other modalities, such as a wireless personal digital assistant
(PDA), wireless application protocol (WAP) enabled tele-
phone and the like.

[0057] Interface/server 65 may provide status reports of
administered therapy, allow input of information or modifi-
cation of prescribed therapy regimes, and provide indications
ofalert or alarm conditions communicated by clinical devices
in communication with controller 55 at nursing stations 135,
a pharmacy work station 140, physician workstation and/or a
risk management work station 145. Interface/server 65 may
also communicate with remote equipment, such as a PDA 70,
or a lap-top or hand held computer 72. Such mobile, remote
equipment may be carried by care givers, or mounted on or
other wise associated with mobile institutional equipment to
allow access by care givers to institutional data bases, allow
for providing or altering therapy regimens, and for providing
alerts, alarms or desired reports to care givers as they move
about the institution.

[0058] FIG. 2 depicts another example of a system incor-
porating aspects of the present invention and illustrating addi-
tional details of various components of the system. Various
subsystems of the facility’s information and therapy manage-
ment system are connected together by way of a communi-
cation system 150. The communication system 150 may be,
for example, a local area network (LAN), a wide area network
(WAN), Inter- or intranet based, or some other communica-
tion network designed to carry signals allowing communica-
tions between the various information systems in the facility.
For example, as shown in FIG. 2, the communication system
150 connects, through various interfaces 155, a hospital
administration system 160, a pharmacy information system
165, a computerized physician order entry (CPOE) system
170, a control system 175, and a rules library 180. A plurality
of patient care devices or systems 185,190 and 195 may also
be connected to communication system 150, either directly or
through suitable routers, servers or other appropriate devices.
[0059] The communication system 150 may comprise, for
example, an Ethernet (IEEE 522.3), a token ring network, or
other suitable network topology, utilizing either wire or opti-
cal telecommunication cabling. In an alternative embodi-
ment, the communication system 150 may comprise a wire-
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less system, utilizing transmitters and receivers positioned
throughout the care giving facility and/or attached to various
subsystems, computers, patient care devices and other equip-
ment used in the facility. In such a wireless system, the signals
transmitted and received by the system could be radio fre-
quency (RF), infrared (IR), or other means capable of carry-
ing information in a wireless manner between devices having
appropriate transmitters or receivers. It will be immediately
understood by those skilled in the art that such a system may
be identical to the system set forth in FIGS. 1 and 2, with the
exception that no wires are required to connect the various
aspects of the system.

[0060] Each of the various systems 160, 165, 170, 175 and
180 generally comprise a combination of hardware such as
digital computers which may include one or more central
processing units, high speed instruction and data storage,
on-line mass storage of operating software and short term
storage of data, off-line long-term storage of data, such as
removable disk drive platters, CD ROMs, or magnetic tape,
and a variety of communication ports for connecting to
modems, local or wide area networks, such as the network
150, and printers for generating reports. Such systems may
also include remote terminals including video displays and
keyboards, touch screens, printers and interfaces to a variety
of clinical devices. The processors or CPUs of the various
systems are typically controlled by a computer program or
programs for carrying out various aspects of the present
invention, as will be discussed more fully below, and basic
operational software, such as a Windows™ operating system,
such as Windows NT™, or Windows 2000™, or Windows
XP™_ distributed by Microsoft, Inc., or another operating
program distributed, for example, by Linux, Red Hat, or any
other suitable operating system. The operational software
will also include various auxiliary programs enabling com-
munications with other hardware or networks, data input and
output and report generation and printing, among other func-
tions.

[0061] While the patient therapy and therapy management
system of the present invention is described with reference to
various embodiments encompassing institutional wide infor-
mation systems, those skilled in the art will recognize that the
concepts and methodology of the present invention apply
equally to information systems having a smaller scope.
Embodiments of the system of the present invention designed
to provide the functions and features of the present invention
at the ward or department level would include appropriate
servers, databases, and communication means located within
the ward to provide both wired and wireless connection
between the various information systems, sensing devices
and therapy delivery devices of the ward or department.

Modular Patient Care Device

[0062] Patient care devices and systems 185, 190 and 195
may comprise a variety of diverse medical devices including
therapeutic instruments such as parenteral and enteral infu-
sion pumps and respirators, physiological monitors such as
heart rate, blood pressure, ECG, EEG, and pulse oximeters,
and clinical laboratory biochemistry instruments such as
blood, urine and tissue sample measurement instruments and
systems.

[0063] In one embodiment, the patient care device 195
comprises a modular system similar to that described in U.S.
Pat. No. 5,713,856 to Eggers et al., which is incorporated
herein by reference. In this embodiment, the patient care
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device 195 comprises an advanced programming module or
controller 200 (similar to controller 55 in FIG. 1), connected
to one or more functional modules 205, 210, 215 and 220.
Controller 200 includes a central processing unit (CPU) 225
connected to a memory, e.g. random access memory (RAM)
230, and one or more interface devices such as user interface
device 235, a data input device 240, such as a keyboard or bar
code reader, a network connection 245, and an auxiliary inter-
face 250 for communicating with additional modules or
devices. Controller 200 may also, although not necessarily,
include a main non-volatile storage unit 255, preferably a
hard disk drive, or alternatively, a read only memory (ROM),
for storing software and data and one or more internal buses
260 for interconnecting the aforementioned elements. As
shown in FIG. 2, patient care devices 185 and 190 may rep-
resent single-module patient care devices that include the
same components as the controller 200.

[0064] In a typical embodiment, user interface device 235
is a touch screen for displaying information to a user and
allowing a user to input information by touching defined areas
of the screen. Alternatively, user interface device 235 could
include any means for displaying and inputting information,
such as a monitor, a printer, a keyboard, softkeys, a mouse, a
track ball and/or a light pen. Data input device 240 is prefer-
ably a bar code reader capable of scanning and interpreting
data printed in bar coded format. Alternatively, data input
device 240 could be any device for entering data into a com-
puter, such as devices for reading magnetic strips, PCMCIA
smart cards, radio frequency cards, RFID tags, memory
sticks, CDs, DVDs, or any other analog or digital storage
media. Other examples of data input device 240 include a
voice activation or recognition device or a portable personal
digital assistant (PDA), lap top computer or other hand held
computing device.

[0065] Depending upon the types of interface devices used,
user interface device 235 and data input device 240 may be
the same device. Alternatively, although data input device 240
is shown in FIG. 2 to be disposed within controller 200, one
skilled in the art will recognize that data input device 240 may
be integral within pharmacy information system 165 or
located externally and communicating with pharmacy infor-
mation system 165 through an RS-232 serial interface or any
other appropriate communication means. Alternatively, data
input device may be interfaced through any suitable institu-
tional information system that is in communication, either
directly, or through one or more servers, routers, concentra-
tors or other equipment known to those skilled in the art.
Auxiliary interface 250 is preferably an RS-232 communica-
tions interface, however any other means for communicating
with a peripheral device such as a printer, patient monitor,
infusion pump or other patient care device may be used with-
out departing from the scope of the invention.

Digital Communication Methods

[0066] Network connection 245 is preferably a direct net-
work connection such as a T1 connection, an integrated ser-
vices digital network (ISDN) connection, a digital subscriber
line (DSL) modem or a cable modem. Alternatively, any
direct or indirect network connection may be used, including,
but not limited to a telephone modem, an MIB system, an
RS232 interface, an auxiliary interface, an optical link, an
infrared link, a radio frequency link, a microwave link or a
WLANS connection.
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Modular Patient Care Devices

[0067] Functional modules 205, 210, 215 and 220 are any
patient care devices under the control of the controller 200,
for providing care to a patient or for monitoring a patient’s
condition. In one embodiment of the present invention, at
least one of functional units 205, 210, 215 and 220 is an
infusion pump module such as an intravenous infusion pump
for delivering medication or other fluid to a patient. For the
purposes of this discussion, functional unit 205 is considered
to be an infusion pump module. Each of functional units 210,
215 and 220 may be any therapeutic or monitoring device
including, but not limited to, an infusion pump module, a
syringe infusion module, a Patient Controlled Analgesia
(PCA) module, an epidural infusion module, a blood pressure
monitor, a pulse oximeter, an EKG monitor, an EEG monitor,
an end-tidal CO, (etCO,) monitor, a heart rate monitor, an
intracranial pressure (ICP) monitor, a glucose monitor or a
temperature monitor. Alternatively, functional module 210,
215 or 220 may be a printer, scanner or any other peripheral
input/output or communication device.

[0068] Each functional unit 205,210, 215 and 220 commu-
nicates directly or indirectly with the controller 200, which
provides overall control and display of the status of modular
patient care device 195. In one embodiment, functional units
205,210,215 and 220 are connected physically and electroni-
cally in serial fashion to one or both ends of controller 200 as
shown in FIG. 2 and as detailed in Eggers et al. However, one
skilled in the art will recognize that there are other means for
connecting functional modules with the interface unit which
may be utilized without departing from the scope of the
invention. It will also be appreciated that devices such as
pumps or monitors that provide sufficient programmability
and connectivity may communicate directly with the network
without a separate interface unit. As described above, addi-
tional medical devices or peripheral devices may be con-
nected to patient care system 195 through one or more aux-
iliary interfaces 250.

[0069] Each functional unit 205,210, 215 and 220 typically
includes module-specific components 265, a microprocessor
270", a volatile memory 275 and a nonvolatile memory 280
for storing information. It should be noted that while four
functional modules are shown in FIG. 2, any number of
devices may be connected directly or indirectly to the con-
troller 200. The number and type of functional modules
described herein are intended to be illustrative, and in no way
limit the scope of the present invention. Module-specific
components 265 include any components necessary for
operation of a particular module, such as, for example, a
pumping mechanism for infusion pump module 205.

[0070] While each functional unit is typically capable of a
least some level of independent operation, controller 200
monitors and controls overall operation of modular patient
care device 195. For example, as will be described in more
detail below, the controller 200 provides programming
instructions and power to the functional units 205, 210, 215
and 220 and monitors the status of each module receiving data
for both display, coordination of control of other modules and
for communication to connected medical devices and infor-
mation systems.

[0071] Alternatively, the functions and features of a func-
tional unit may be incorporated in a stand-alone unit. For
example, while functional unit 205 is described as an infusion
pump, it is contemplated that the same functions carried out
by function unit 205 may be incorporated in and carried out
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by a stand-alone infusion pump. Such a stand-alone device
may be in communication with the system through an appro-
priate communication device, such as a suitable communica-
tion port which may communicate with the communication
system either by wired or wireless means.

Universal Configuration Database

[0072] According to one embodiment of the present inven-
tion, patient care devices and systems 205, 210, 215 and 220
are capable of being customized through installation of data,
rules and operating parameters derived from a universal con-
figuration database containing institutionally-established
guidelines for medical treatments, such as a drug dosing
parameters and rules, device operating characteristics and
communication parameters. Each of the patient care devices
or system 205, 210, 215 and 220 may comprise a different
device type having at least some of its own distinct device
operating characteristics or features.

Patient Identification

[0073] Assurance that the medication is being administered
to the correct patient is also provided by this system. Upon
entering the hospital every patient is typically issued an iden-
tification number (patient ID) and an associated wrist band.
Printed on the band or located within the band is the patient ID
in text form and in coded form. Various options exist for the
coded ID. For example, the band could utilize a bar code, a
magnetic strip, or any other means of storing coded patient
identification information.

[0074] The wrist band or ID device may also include a
wireless device that allows the ID device or band to be gov-
erned by an appropriate device at the patient location to
passively, if not automatically, identify the patient. The
patient’s identity would then be provided, using either wired
or wireless communication means, to whatever equipment at
the patient’s location required it. Similar technology may be
used in conjunction with medication labels, discussed in
detail below.

[0075] Afteraclinical device connected to the system of the
present invention is powered up, the device displays on user
interface 235 information pertaining to the current patient
and/or the current location of the device. In one embodiment
of the invention, this information is recalled from the last use
ofthe device. Alternatively, the device location and or patient
identification may be determined by information received
through the communication system 150 within the institution.
For example, referring to FIG. 2, a device 185, 190, 195
connected over communication system 150 to a server in a
neonatal intensive care unit receives information from the
server that it should be located by Bed 1, and that a particular
patient is scheduled to be in that bed. Accordingly, the device
185, 190, 195 utilizes that information as the default patient
and location. Alternatively, device 185, 190, 195 automati-
cally determines its location within the hospital by a sensor or
other means of uniquely determining its location. A sensor is
defined broadly herein as any device or process of sensing or
detecting the location of a device, including, but not limited
to, a network receptacle or port address, a network adapter,
programmed location instructions, hospital records indicat-
ing location, an IR sensors or tags, RF sensors or tags, mag-
netic sensors or tags, or any other means of detecting the
location of a device 185, 190, 195.
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[0076] After determining its location, the device queries the
user whether the patient information entered into the memory
of the device is correct. If the patient is new to the device, or
if the information is missing or incorrect, the user enters the
patient ID into the device using user interface 235. Patient ID
is typically entered using an input device, such as bar code
reader 240, by scanning a patient’s coded wristband including
patient identification information. Alternatively, patient ID
may be entered manually using a keyboard, keypad, or other
input device, including devices that utilize wireless technol-
ogy and sensors, such as, for example, RFID tags. The clinical
device determines if the current configuration database it is
using to operate and deliver therapy to the patient is correct
for the needs of the particular patient by querying various
institutional information and rules databases that the proces-
sor of the clinical device may access over communication
system 150. If the current configuration dataset is missing or
incorrect, the user is prompted to select the appropriate con-
figuration dataset such as, for example, by selecting a con-
figuration dataset according to clinical location, patient, phy-
sician, and the like. Alternatively, the appropriate
configuration dataset ID may scanned into the system from
the patient’s identification band, or may be automatically
retrieved from memory or from another location in commu-
nication system 150 once the patient identity, location or
other patient-specific information is entered into device or
system 185, 190, 195.

Order Entry/Verification

[0077] When a physician orders an IV, or therapy regimen
to be administered to a patient, the order is typically first sent
to the pharmacy where it is entered into the hospital’s phar-
macy information system. The order may either be written on
a simple prescription slip or entered directly into the CPOE
system 35 (FIG. 1). Most hospitals include a pharmacy com-
puter system capable of maintaining records of medications
already given as well as those prescribed in the future. The
pharmacy information system typically provides a library of
drug allergies and adverse drug interactions against which
each incoming prescription is checked for as part of the pre-
scription entering/drug dispensing process to identify pos-
sible allergies and adverse drug interactions and help in pre-
venting administration of drugs to a patient where the patient
might be injured by the prescribed course of therapy. Addi-
tionally, the system may check to determine if any therapies
are being duplicated, such as where two or more drugs might
be used to treat a diagnosed disease, whether they are syner-
gistic or antagonistic, and whether the prescribed therapy
should be modified accordingly.

[0078] In some institutions, there is no centralized phar-
macy. Instead, drugs are prepared in the ward or department,
and sometimes at the bedside, by skilled care givers. In these
instances, the order is sent to a care giver authorized to receive
and/or prepare the order. The ward or department is equipped
with a system such as that described above, except that its
operation may be localized to the ward or department. This
system is capable of providing all of the information to the
care giver as the institution wide system. Moreover, both the
pharmacy system, and ward or department based systems,
when operating in accordance with the principles of the
present invention, may also be embodied in systems that also
provide advice for the administration of specific medications,
such as, for example, recommendations to give the drug at a
specific time, such as within thirty minutes of a meal, direc-
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tions to keep the drug cold, or warm, and the like, directions
to infuse the drug only through an opaque infusion set to
prevent degradation of the drug due to light exposure, and the
like. The system may also modify the recommendations pro-
vided in view of changes in the status of the patient that are
noted and entered into the system, either manually or auto-
matically.

[0079] Moreover, the system according to the present
invention may also provide for the planning and administra-
tion of a sequence of drugs or other therapies, including
alerting the care giver if the timing of the planned sequence
falls out of sync, such as when a planned delivery of a drug or
therapy is overdue, or was given early. The system may pro-
vide not only alerts, but also other reports to provide care
givers needing such information with a view into the status of
the medications and therapies planned or being delivered to
patients. Various embodiments of the system will typically
allow the records of the planned or already administered
drugs or therapies to be sorted in a variety of ways, such as, for
example, by drug name, as needed or requested by a care
giver.

[0080] After the order is entered the medication to be
administered to a patient is prepared, typically in the phar-
macy, but in some cases, in a ward, at a nurse station, or at a
location where local inventories of drugs are stored. The
pharmacy information system 20 typically prints a label for
placement on the medication with text characters or other
encoded information identifying the medication, the patient
for which it is intended, and other information, such as oper-
ating parameters for communication to an appropriate clini-
cal device to program the device to deliver the medication in
accordance with the original prescription order.

[0081] For example, where the medication is to be deliv-
ered using an infusion pump, the medication label preferably
includes at least the following information: patient name,
patient ID, patient location, infusion protocol reference, infu-
sion protocol deviations, or deltas, if any, and scheduled time
of infusion. Additionally, for a continuous infusion, the label
may include the drug name, dose, diluent (if any), drug con-
centration and infusion rate. Similarly, for an infusion that is
to be given intermittently or as needed, the label may include
the drug name, dose, diluent, concentration and administra-
tion schedule. The label is affixed to the medication container
before the prescription is transported to the unit nursing sta-
tion. Medications are preferably transported from the phar-
macy to the nurse’s station by institutional personnel, pneu-
matic tubes or contained within drug dispensing cabinets near
the nurse’s station. Alternatively, drugs may be transported
using a robotic system, such as a PYXIS system (Pyxis Cor-
poration, San Diego, Calif.). If the drug is to be distributed
from a unit nursing station, then the same type of label may be
printed, or hand written, at the nursing station and affixed to
the drug container.

[0082] At an appropriate time, the labeled medication con-
tainer is then taken to the patient’s location. The bar code
reader, or other data input device, including passive devices
designed to automatically query devices associated with the
various ID and medication labels, is used to scan the coded
drug label, the patient’s coded ID band and the caregiver’s ID
badge, and any supplementary prescription information or
medical device configuration instructions, including configu-
ration dataset ID, contained on the label, an accompanying
order, or otherwise made available for entry or downloading
into the medical device or system once confirmation of the
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patient and medication is completed, such as by reading infor-
mation from a memory media or code contained on or within
the label. The scanned information is stored in the memory of
the device, such as, for example, in RAM 230 (FIG. 2), while
device or system 185, 190, 195 first compares the scanned
data to ensure that the patient identity corresponds to the
patient information on the medication label, and that the
prescription is being administered at the appropriate time.
[0083] After the correct patient, prescription and time are
verified, device or system 185, 190, 195 may be programmed
using either manual entry of various operating parameters,
parameters retrieved from the medication label (or medica-
tion transaction carrier). Alternatively the device may be pro-
grammed by retrieving appropriate functions and commands
from the active configuration database, the protocol or other
program information identified on the container label.
Default parameter values may be adjusted by any delta infor-
mation included in the prescription. The user is prompted to
enter, using a touch pad, bar code reader, or any other appro-
priate means, any missing or incomplete data. Optionally,
some data may be obtained automatically via communication
system 150 or from the appropriate department server based
upon the entered patient ID, caregiver 1D, user commands,
etc.

[0084] Once all required settings have been entered, 185,
190, 195 displays the values, either serially or in one or more
groups, to the user for verification. The configuration dataset
is also accessed to check the entered infusion parameters
according to the protocols, rule sets or other guidelines for
that configuration. If any incorrect or out of range entries are
detected, an alert may be activated to inform the operator. In
no case will a medication be allowed to be delivered to a
patient unless the patient ID from the patient’s wristband and
patient ID from the medication label match. In one embodi-
ment, clinical operating parameters are only communicated
to the clinical device when a comparison of the ID scanned
from a patient matches the patient ID scanned from the medi-
cation label. In another embodiment, where the medication
label includes clinical operating parameters that may be
scanned and communicated to the clinical device to program
the clinical device to deliver the medication in accordance
with the prescription order, the processor of the device will
only allow the clinical operating parameters to be scanned
from the label if the scanned patient ID and the patient ID on
the medication label match.

[0085] As will be discussed below, this verification process
may include other steps to ensure that the right medication is
being delivered to the right patient at the right time and in the
right manner. For example, the processor of the clinical
device may compare the timing of the delivery to a log of
previous medication deliveries to determine if it is appropri-
ate to deliver the medication at this time, or if the interval
between a previous administration is shorter than set forth in
a database of institutionally determined rules and best prac-
tices. Alternatively, such a comparison could also determine
if the interval is too long, indicating that a drug administration
has been missed or is late, requiring reporting and/or adjust-
ment of one or more delivery parameters for the current
medication delivery. The system may also be programmed to
provide an alert to care givers notifying the care givers that the
timing of the drug administration is not as scheduled and
requires investigation/evaluation and/or adjustment.

[0086] Once all information is entered and verified, the
clinical device is ready for operation, and the delivery of the
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medication to the patient may be started automatically, or by
a command from the user. Where the clinical device com-
prises a central controller 200 and one or more functional
devices 205, 210, 215, 220 (FIG. 2), controller 200 commu-
nicates with the appropriate functional module or modules to
program the functional module(s) to perform the prescribed
treatment.

[0087] Itshould be noted that the prescription label or other
treatment instructions (such as are communicated over the
communications network 150 once verification has been
accomplished) may identify multiple drug delivery schedules
and other instructions. The multiple drug delivery schedules
(or a single complex drug delivery schedule) may define a
plurality of operations to be performed by clinical device 195.
For example, the prescription label or prescription order
could identify a multichannel coordinated infusion drug
delivery schedule involving multiple channels and infusion
solutions. Additionally, the same order may identify a deliv-
ery schedule for (or detail instructions for) programming a
functional module, stand-alone infusion device or auxiliary
device to monitor the patient physiological parameters, such
as a blood pressure, heart rate, 0, saturation, respiratory rate,
and the like. Controller 200 monitors the measured param-
eters and, depending upon active rule sets and other configu-
ration instructions, can modify infusion parameters based
upon signals received from the physiological monitors. Such
feedback systems may be useful for titration of drugs, to
control anesthesia, or to regulate blood pressure.

[0088] In one embodiment of the invention, bedside con-
troller 55 (FIG. 1) may be used by a nurse, physician or
technician to access institutional databases to display a vari-
ety of'information about a particular patient. This information
can include an on-line, real-time, graphical patient electronic
medication administration record (eMAR) that is derived
from the patient’s medication profile maintained by the insti-
tutions pharmacy information system 30. The controller 55
also allows remote access to a patient’s records stored on
institutional systems to display, for example, medication his-
tory, laboratory results, and stored treatment regimens for the
patient. For example, the medication history includes a listing
of all drug or other treatments including past, present and
future deliveries to the patient. Additionally, access to records
of the institution’s administration systems 20, 25, 30, 35, and
40 is available through the network 50. Alternatively, this
information may also be stored, as will be discussed in more
detail below, in a medication database carrier, the pharmacy
information system, or a separate system dedicated to collect-
ing, analyzing and producing reports concerning various
alerts or clinical “events” that are recorded or logged during
the administration of medical treatment to a patient.

[0089] In another embodiment of the present invention, a
database including a library or libraries of information con-
cerning past and present medical administration activities
and/or institutional guidelines for appropriate parameters for
administration of various medications may be stored on
server 60. For example, the guidelines may include institu-
tionally established guidelines or limits on drug administra-
tion parameters, such as dosage, frequency of administration,
and other delivery related information such as, for example,
appropriate flow rates and infusion durations for program-
ming infusion pumps. Additionally, the guidelines may
encompass guidelines for providing drug administration
appropriate to particular patient treatment areas having dif-
ferent sets of delivery parameters for similar medications,
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such as medication administration directed to geriatric, pedi-
atric and oncology patients. Guidelines may also be included
that are directed to particular therapy regimens, such as che-
motherapy regimens or regimens for treating chronic infec-
tion or pain. It will be understood that such a database could
also be stored on a server or system associated with a particu-
lar institutional system, such as, for example, a module asso-
ciated with the pharmacy information system 20.

[0090] As described previously, each bedside controller 55
can be connected through an appropriate interface to a variety
of peripheral equipment. For example, referring to FIG. 2,
controller 200 may include a barcode reader 240 capable of
reading barcodes on a patient’s wristband or medication con-
tainer; an infusion pump 205 for delivering medication to the
patient in a predetermined, controlled manner; or various
other functional units 210, 215, 220 that can automatically
monitor a patient’s vital signs and send signals representative
of these vital signs to the controller 200. Controller 200 may
either store this information for later retrieval, or communi-
cate this information through network 150 for storage and
analysis by a selected software application to provide a
graphic display of the patient’s vital signs during the course of
treatment. Additionally, the information for the patient may
also be correlated with information associated with the treat-
ment of the patient, such as laboratory results or other patient
information to allow for the generation of reports concerning
the progress of the patient’s treatment, and also to assist care
givers in determining the best course of treatment for the
patient. Such information may also be filtered through rules
database/engine 90 (FIG. 1) to provide intelligent alerts or
alarms to care givers, or to suggest changes to the treatment of
the patient.

[0091] The therapy management system’s application soft-
ware that is responsible for managing the operation of the
embodiments of the present invention and for interfacing with
other institutional systems is typically modular in construc-
tion to allow installation and operation of the system with
only one or more of the application software groups present.
This provides flexibility in meeting the widely varying needs
of individual institutions where cost and complexity may be
an issue or where the full system is not needed. Each of the
modular applications, however, is fully integratible into the
system.

[0092] The programs of the therapy management system
control alarms or alerts generated by one of the modular
applications. Alarms are routed automatically to the appro-
priate video display. For example, an occlusion alarm gener-
ated by a pump 75 (FIG. 1) may remain local for a predeter-
mined period. After that period the controller 55, or servers
60, 65 may broadcast the alarm by causing the alarm to be
communicated over the network 50 to alert other hospital
staff of a potential problem or to cause a particular person
responsible for the care of a patient, such as, for example, a
physician or nurse, to be paged, provided with text message or
email, or other method of communication. A severity level of
the alerts or alarms may be determined by the institution. The
severity level of the alerts may also be escalated as deter-
mined by the institution, depending on the response or lack of
response to the alert by care givers in the institution.

[0093] The operation of various modular applications that
can be incorporated into the system of the present invention
will be discussed more fully below. In one embodiment, the
system includes a medical administration management mod-
ule which integrates medical order information, infusion
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pump monitoring, and barcode technology to support the
real-time verification and charting of medications being
administered to a patient. The medical administration man-
agement module creates and maintains an on-line, real-time,
patient-specific electronic medication administration record
(“eMAR”) or integrated medication administration record
(“IMAR?”) for each patient.

[0094] This medication administration module contains all
of the information generated in the institution regarding the
care provided to the patient. The medication administration
management module gathers information from the various
bedside controllers that are distributed throughout the insti-
tution. For example, when a physician attending a patient
diagnoses an illness and determines an appropriate course of
treatment for the patient, the physician may prepare a hand-
written medical order specifying the desired therapeutic treat-
ment as well as any appropriate parameters such as dosage
and/or period of administration. The written prescription is
sent through the institutional mail system to the pharmacy
where it is then entered into the pharmacy information system
20 through a dedicated terminal, or other means, and is then
entered into the therapy management system.

[0095] In another embodiment, the physician accesses the
pharmacy management system 20 or the CPOE system 35
through a dedicated terminal or through the therapy manage-
ment system via the network 50 using a remote information
entry device, which could be a nursing CPU, a bedside con-
troller 55 (FIG. 1), or some other device, such as a hand held
or lap top computer, or PDA. Alternatively, the treatment
order may be entered by a nurse or other qualified caregiver
into either the pharmacy management system 20 or the CPOE
system 35.

Bar Code

[0096] Referring now to FIGS. 3-5, a variety of implemen-
tations of the barcode identification system of the present
invention are shown. FIG. 3, for example, shows a patient
identification bracelet 300 of the kind typically used in hos-
pitals and other institutional settings to ensure that each
patient is able to be identified even if the patient is uncon-
scious or otherwise unable to respond to questioning. A bar-
code 305 is printed on a label that is attached to the patient
identification bracelet 300 and has encoded within its
sequence of bars the information necessary to identify the
patient. This barcode may be read using a computerized bar-
code reader 240 such as that shown connected to the control-
ler 200 (FIG. 2). Generally, the barcode reader 240 comprise
a light emitting and receiving wand that is scanned across the
barcode. The light emitted by the wand is reflected by the
sequence of dark and light lines comprising the barcode into
the receiving lens of the wand. A sensor in the wand converts
the received light into a signal that is then transmitted to the
controller 200. A software application program running on
the controller 200 then decodes the signal into the data rep-
resented by the barcode in a manner well known to one skilled
in the art. Using appropriate software programs, this data may
then be automatically entered into a database stored in the
controller’s 200 memory 230 or disk storage 255. While a
barcode has been described for purposes of illustration, those
skilled in the art will immediately understand that other sys-
tems, such as magnetic stripes, or programmed punched holes
may also be used to represent data stored on each label, care
giver badge or patient wrist band. Alternatively, a bar code
reader may be incorporated into the housing of controller 200
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such that the bar code to be read need only be passed over the
reader, or alternatively, placed in a position adjacent to the
reader so that the reader can read the bar code.

[0097] Barcode systems are extremely flexible and the
amount of information that can be represented by the barcode,
while limited, can be used in a variety of ways. For example,
as depicted in FIG. 4, a drug container 310 is identified by a
label 315 having a barcode 320 printed thereon. This barcode
320 can represent the patient identification and the medical
order number, and any other information the institution finds
helpful in dispensing the drug and tracking the treatment. The
barcode 320 may also be read using a barcode reader, and,
using suitable application software such as that included
within the medical administration management module, dis-
cussed below, can be used to link the drug container and its
contents with the patient identification bracelet 300 affixed to
a patient to ensure the right drug is delivered to the right
patient at the right time in the right manner.

[0098] The use of barcodes is not limited to the implemen-
tations discussed above. For example, a sheet 325 of barcode
labels 330 having barcodes 335 is shown in FIG. 5. Such
labels can be produced by a printer connected to the pharmacy
information management system 20 or CPOE system 35
(FIG. 1) of the therapy management system of the present
invention, or, alternatively, by any other printer connected to
any other hospital information system that can be pro-
grammed to produce barcodes bearing the information in a
form that can be read by the barcode readers connected to the
various controllers or computers of the therapy management
system. These barcode labels 330 may then be affixed to
clinical devices, patient belongings, or other items where
positive identification is needed.

[0099] Alternatively, other devices may be affixed to the
patient, drug, nurse or medical device that may communicate
with the therapy management system using wireless means.
For example, IR or RF transceivers may be incorporated into
medication database carriers or other identification devices
that are capable of interfacing and communicating with the
therapy management system. Other wireless technologies
may also be used.

[0100] Another embodiment of the therapy management
system is shown in FIG. 6 wherein the patient 350 and/or
caregiver have badges or wrist bands 355 that may also
include electronic circuitry that is responsive to signals from
a transmitter/receiver 360 located in each patient room or
treatment area to automatically provide the therapy manage-
ment system with the identity of, and possibly other selected
information about, the occupants of the patient room or treat-
ment area, eliminating the need to use a bar-code reader to
read the bar-codes on the patient and/or caregiver badges or
wrist bands. Such a system may be described as a passive
recognition system in that neither the patient nor the caregiver
need take any active steps to inform the therapy management
system of their location within the institution.

[0101] Oneexample of such a system incorporates an intel-
ligent RF computer chip into the caregiver or patient badge or
wristband 355 that provides a unique, or programmed
response to a RF transponder or reader 360 located within a
patient room or treatment area, such as in the frame 365 of the
entry or exit of the room or treatment area, or mounted on a
wall or ceiling. Each badge or wrist band 355 interacts with
signals of the transponder 360 in a unique way, the unique
interaction representing an assigned code for the badge or
wristband 355. Utilizing this technology would remove
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manual steps and some of the “human factor” from the pro-
cess of identifying the patient and caregiver.

[0102] When an individual 350 wearing a badge or wrist-
band 355 having such a circuit enters a room or area where a
transmitter/receiver 360 is located, the electronic circuit in
the badge or wristband 355 interacts with signals emitted by
the transmitter without any positive action on the part of the
caregiver or the patient. This interaction may be sensed by the
receiver, which may be capable of determining the identity of
the badge or wristband 355 from the interaction of the elec-
tronic circuit with the emitted signals. Alternatively, the
receiver may simply sense the interaction and provide a signal
representative of the sensed interaction to a computer or other
processor which has been programmed or otherwise config-
ured to determine the identity of the individual associated
with that particular badge or wristband 355.

[0103] Although the preceding paragraphs describe a pas-
sive recognition system using electrical circuitry, other
approaches may also be used. For example, it can be envi-
sioned that the patient and/or caregiver may have magneti-
cally-encoded devices that can be automatically read by an
appropriate detector located in the patient room or treatment
area.

[0104] Where an embodiment of the therapy management
system incorporating the present invention maintains an on-
line, real-time, patient specific graphical medication admin-
istration record that includes both past, present and future
scheduled medications, a nurse may select a scheduled dos-
age on the eMAR and indicate that it will not be administered
for specified reasons selected from a list of options that are
dependant upon the health status of the patient at a particular
time. This system also allows a nurse to select a scheduled
dose on the eMAR, and record notes and observations about
the dose selected from a list of options. The system of the
present invention also provides on-line, real-time help
screens that can be accessed by a nurse or other caregiver to
display specific information about selected medication and
dose to be dispensed. These screens may be displayed at the
nurse station, on the user interface 235 of controller 200 (FIG.
2),aPDA, lap top or hand held computer, or any other suitable
display device capable of receiving information communi-
cated by the system.

[0105] In another embodiment, the therapy management
system of the present invention provides a list of on-going
infusions that can be displayed on the video display of the
pharmacy information management system 20, 165 in the
pharmacy. Drug administrations that will terminate within a
preselected time period may be distinguished from other
administrations by color highlighting or other means. The
time remaining, drug, and patient name may be presented as
well as buttons for program control.

[0106] In another embodiment, the therapy management
system of the present invention records and maintains in a
stored file alog of alerts and other therapy related information
that are generated when any discrepancy is identified, for
example, during the verification process which will be dis-
cussed more fully below. The system provides programming
that also allows the care giver to acknowledge and correct the
discrepancy in real-time, or override the alert by entering the
appropriate command. Even where the care giver is allowed
to override the alert, the therapy management system prompts
the care giver for a reason for each alert override and then
automatically enters the reason into the eMAR for the patient.
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[0107] The therapy management system may also track
specific alert conditions that are reported by specific medica-
tion administration or monitoring devices indicating that par-
ticular treatment parameters have not been correctly entered
into the device by a caregiver or that certain monitored param-
eters are out of an acceptable range, as determined by com-
paring the treatment or monitored parameters to a database of
acceptable limits, rules and good practices determined by the
institution. These alerts, or “events” may be either automati-
cally stored in a database associated with the therapy man-
agement systems, such as in a storage media associated with
servers 60 or 65, or associated with some other institutional
information system. Alternatively, the alerts may be stored in
a dedicated event logging/analysis and reporting server. The
analysis may generate reports for a specified medication
administration device or the analysis may consolidate event
reports from all, or a selected subset of, the medication
administration devices in an institution, and may provide
reports in accordance with either customized formats or for-
mats pre-established by the institution.

[0108] In another embodiment of the present invention, a
clinical monitoring and event history module designed to
monitor a variety of clinical devices attached to the network in
a real-time manner and provide information about those
devices to monitoring stations located elsewhere on the net-
work may be included as one of the programs running on
servers 60, 65, or as part of other institutional systems 40
(FIG. 1). For example, the clinical monitoring and event
history module can be configured to monitor a plurality of
clinical devices that are in use to deliver medication to
patients in the private rooms, semi-private rooms or ward
areas in a nursing unit. The clinical monitoring and event
history module retrieves real-time data from each device, and
displays a visual representation of each device including all
significant data related to its status and settings on video
displays located at the bedside, nursing station, pharmacy, or
other locations within the institution as needed, including on
displays associated with remote devices, such as, for
example, hand held or lap top computers, PDA’s or other
portable, remote devices in communication with the therapy
management system.

[0109] For example, in the case where the clinical monitor-
ing and event history module is monitoring an infusion pump,
a nurse at the nursing station can access the status for that
pump wherein the display attached to the nurse computer
located at the nursing station then displays information
regarding the status of the infusion being performed at that
time. For example, information can include the name of the
drug being infused, the patient’s name, the scheduled start,
the actual start of infusion, the scheduled end of infusion, the
projected end of infusion, the amount of drug infused, the
amount of drug remaining to be infused and any alert or
discrepancy conditions that may need attention by the nurse.
Additionally, other patient specific information, such as
information received from various monitoring devices con-
nected to the system, or lab reports or other information, such
as allergy information retrieved from a patient’s profile stored
in the institution’s patient information system 30, may also be
available and displayed to the care giver.

[0110] Because the therapy management system of the
present invention is a fully integrated system, all of the com-
ponents of the therapy management system work in concert
so that a nurse, doctor or technician may, after evaluating the
status of the infusion displayed on either the video display at
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the nursing station or on the user interface 235 of controller
200 (FIG. 2) at the bedside may, by using an appropriate input
device, such as, for example, a keyboard, the touch screen, or
other input device of the computer, adjust the infusion regi-
men accordingly using, for example, a screen displayed on
the video display.

[0111] Intelligent Alarms

[0112] The clinical monitoring event history module may
also be programmed to immediately display alarm conditions
on remote monitoring screens, such as the video display
attached to the nursing station, as the alarm occurs, or it may
send electronic messages to a care giver’s pager, or text mes-
saging enabled cell phone or other such device. The alarm
may also be sent via email, or via voice over IP through the
internet. For example, the status of each patient’s infusion can
be represented on a video display at the nursing station. When
an alert occurs, the box representing the patient’s room
flashes red to attract attention to the alert. Displaying the
alarm condition in this manner allows a nurse to quickly and
easily identify the patient from the nursing station and take
appropriate action to address the condition causing the alarm.
The system may also be programmed to display certain
alarms that have been identified as particularly important
events at other video displays located throughout the institu-
tion, such as the video display attached to the pharmacy
information system located in the institution’s pharmacy.
[0113] Because many alarms are generated by conditions
that will not result in immediate harm to a patient, such as
when a respiration monitoring device detects that a patient is
breathing at a rate slower than is normal, but whose blood
oxygenation level is within normal bounds, one embodiment
of the present invention includes a system for analyzing
alarms and categorizing them into a hierarchy of importance.
The system does this by applying rules and guidelines estab-
lished by the institution to the alarm state to determine if the
priority or importance of the alarm is such that immediate
notification of care givers is necessary, or if the alarm state
can be allowed to remain for a period of time until it can be
evaluated and corrected.

[0114] The alarm analysis module may also be pro-
grammed to track the occurrence of alarms and the time
before the alarm state is corrected. For example, if a period of
time elapses since an alarm state was detected that is longer
than a predetermined period of time, the priority of the alarm
may be escalated, resulting in the alarm being communicated
to care givers.

[0115] Inan other embodiment of the present invention, the
various modules of the therapy management system tracks
the administration of therapy to a patient, including the results
of various laboratory tests performed on the patient or the
patient’s blood. This data may also be integrated with infor-
mation received from various clinical devices that are moni-
toring the patient’s vital signs, such as blood pressure, EtCO,
or SpO,. Applying rules and guidelines stored in a database of
information reflecting acceptable levels and good practices of
the institution, the programs of the therapy management sys-
tem of the present invention may analyze the data and identify
when a prescribed therapy is achieving a desired result, and
may also identify when the desired results are not being
achieved, indicating that adjustments to the therapy being
delivered to the patient require adjustment. In another
embodiment, the therapy management system may analyze
the various patient related data from the laboratory system,
vital signs monitoring devices and therapy administration
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devices and by applying rules and guidelines stored in a rules
database to the analyzed information and suggest alternative
courses of treatment, or adjustment of current treatment
parameters, to achieve a desired result.

[0116] In another embodiment, the therapy management
system of the present invention includes a clinical device
tracking and reporting module used to maintain a record of
the location of each clinical device and the history of'its use in
the institution. This system maintains a record of the current
or last known location within the institution of each clinical
device used in the institution, such as an infusion pump or
vital sign sensor. Thus, the appropriate equipment can be
easily located by a nurse or a technician for a given therapy
regimen or vital sign measurement. This is particularly useful
in a large hospital or clinic having many patient rooms,
patient beds, or treatment areas where equipment may be
temporarily misplaced. This system is also useful in those
particular instances where an emergency occurs where treat-
ment requires a particular piece of equipment. The status of
that equipment can be easily ascertained from a video display,
such as that available at a nursing station, or may be displayed
on the display of a portable or remote device, such as a PDA
or other suitable device.

[0117] The clinical device tracking and reporting module
also maintains a record containing the usage history of each
clinical device, including information about the patient it was
used to treat, its location, the date, time, duration of use, any
alarms that occurred and what medications were dispensed.
This history may also contain the maintenance and calibra-
tion records for a clinical device. Such information can be
queried on-line by technicians, nurses or other hospital
administration personnel to generate reports to assist in locat-
ing the clinical device, report on the historical usage of the
device, and to provide a log of preventative maintenance and
equipment calibration. The efficient calibration of complex
and sensitive clinical devices is particularly important in a
heath care institution to maintain accuracy and quality of
therapeutic treatment delivery. Maintaining a history of the
usage of the device is also helpful to justify purchasing addi-
tional clinical devices when needed, or where the record
indicates that a particular clinical device has become obsolete
and needs to be replaced by a newer model of the device.
[0118] In one embodiment, the therapy management sys-
tem of the present invention includes a knowledge resource
tools module that provides a framework for information shar-
ing among the various units in the hospital and also supports
an assortment of everyday tools to used by the nurses, physi-
cians and technicians involved in the delivery of health care
within the institution. This module allows or assists in inte-
grating external information sources into the care system to
improve the effectiveness of the care management team in
treating the patients in the institution.

[0119] For example, the knowledge resource tools module
may provide a variety of on-line tools including, for example,
a calculator, a dose rate calculator for calculating the appro-
priate dosage and infusion rate for a particular drug to be
infused into a patient, a standard measurement conversion
calculator for converting between units of measurement, a
body surface area calculator, and a timer and stopwatch.
These resources may be displayed on the video displays at
appropriate points within the system, and are available from
any computer, either local, portable or remote, located in the
pharmacy, at the nursing station or at the bedside. These
application tools can be programmed to appear on the video
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displays either automatically, such as, for example, when an
infusion pump is configured at the start of an infusion to assist
in the calculation of a dose rate. These resources may also be
available upon entry of the appropriate command by a nurse,
physician or technician.

[0120] One embodiment of the therapy management sys-
tem of the present invention may include an event logging/
analysis and reporting module. This module may be imple-
mented in a variety of ways. For example, the event logging
system may be part of an institution’s medication adminis-
tration management module, it may be a separate module, or
it may be implemented in a different computer system, which
may or may not be located in the institution. For example, in
one embodiment, event logging/analysis and reporting mod-
ule may be resident on a third party computer system located
outside of the institution, but in communication with the
institution’s systems using a wired or wireless, or combina-
tion of both, communication system.

[0121] A common feature of the various configurations of
the event logging/analysis and reporting module is that the
module receives, or retrieves, information from medication
administration devices generated by the medication adminis-
tration device before or during administration of medical
treatments to a patient, analyzes the information, and then
provides reports related to the received or retrieved informa-
tion to the institution. These reports may be used by the
institution to improve the delivery of medication to patients in
the institution, by identifying frequently occurring errors or
conditions that can be corrected through improvements to the
medication delivery process or training of caregivers. Such
reports may either be customized on demand, that is a car-
egiver or other individual responsible for analyzing the events
may request a custom report, or the system may provide a
menu of reporting formats pre-established by the institution
that may be selected by the individual or department request-
ing the report. Alternatively, the system may be automated so
that reports in pre-established formats are produced and dis-
tributed to appropriate individuals or departments in the insti-
tution at pre-selected intervals. Such a system will typically
be embodied in one or more databases stored in a memory
from which therapy related information may be extracted and
analyzed using a processor controlled by an appropriate soft-
ware program. The results of the analysis may be stored in a
memory for future use or distribution, or may be printed using
a printer.

[0122] As depicted in FIG. 1, the therapy management
system is connected to other systems in the institution via a
network 50. This network may support standard health level 7
(HL7) interfaces to the hospital’s other information systems
and can also support custom interfaces to systems or devices
that do not support the HL.7 standard. The system interfaces
may be either real-time or batch mode, although a real-time
interface to an institution’s pharmacy system may be required
to support the on-line medical administration records keep-
ing.

[0123] The therapy management system software can be
written to operate on a variety of operating systems to suit the
needs ofa variety of institutions. In a present embodiment, the
software is written to interface with the nurses and physicians
using the Windows environment (Windows is a trademark of
Microsoft, Inc.) on IBM compatible micro-computers. The
Windows environment is well-known by those skilled in the
art and will not be described in detail herein. The therapy
management system software, when implemented using the
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Windows system, is particularly useful in that the Windows
operating system provides the ability to load several pro-
grams at once. Multitasking programs, allowing several
application programs to run simultaneously yet providing
immediate access to the various software modules of the
therapy management system may also be used.

[0124] Y-Site Compatibility Checking

[0125] There are often times during the course of an infu-
sion therapy regimen when a second drug is prescribed for
infusion at the same time a first drug is being infused into a
patient. In many instances, this secondary infusion is accom-
plished by using a “Y-Site”” connector that provides access to
the primary infusion source line. Such an infusion set up is
depicted in FIG. 7, which shows an infusion pump 400 having
a peristaltic pump 405 with a source line 410 installed therein.
Source line 410 includes a Y-site connector 415. Those skilled
in the art will appreciate that the concepts of the invention are
equally applicable to any other kind of pump. A primary
infusion fluid source 420 provides infusate to be delivered to
the patient through a line, the Y-site connector 415 and source
line 410 to pump 405 for infusion through output line 435 to
a patient. The Y-site connector also provides an additional
connection through which a second infusate contained in
infusion fluid source 425 may flow through a secondary
source line 430, through Y-site connector 415 and source line
410 into pump 405. This type of set up may be used in several
different modes, for example, to provide for sequential deliv-
ery of infusion fluids to a patient, or for simultaneous delivery
of two different fluids to a patient. In still another variation,
secondary source 425 may be omitted, and the secondary
infusate delivered to source line 410 by injecting the second
infusate through a port in the Y-site connector 415 using a
syringe.

[0126] An embodiment of the present invention is directed
to solving a problem that often arises when a multiple source
infusion regimen is to be carried out. In some cases, the first
and second (or third, or other infusate) may not be compatible
with each other, requiring, for example, that mixing of the
drugs be prevented, or that infusion of the second drug be
delayed for a period of time. Even if the care giver is aware of
the potential problems caused by such an infusion, there is
typically no way to check for such incompatibilities and alert
the care giver.

[0127] Inthis embodiment of the therapy management sys-
tem of the present invention, the bedside controller 200 (FIG.
2) has stored in its memory what drug is being infused in the
primary line. When the care giver identifies the second medi-
cation to be delivered to the controller, either by using the bar
code reader (240) or some other means, such as, for example,
and as described previously, by reading an RFID tag attached
to the drug, or by receiving information through communica-
tion system 150 from some other institutional information
system. In one embodiment, the information from some other
institutional system is triggered by when the medication is
detected by a wired or wireless transmitter/receiver present in
the patient’s room or otherwise associated by the patient that
informs the controller 200 of the identification of the drug.
[0128] The flow chart depicted in FIG. 8 illustrates the logic
carried out by one embodiment of the present invention that
checks the databases present on the institutional system to
determine if the second drug may be safely delivered to the
patient. As set forth above, the identification of the medica-
tion to be delivered to the patient is entered into the system in
box 450. The system displays a prompt on user interface 235
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inquiring whether the drug is to be delivered using a Y-site in
box 455. If the answer to this query is no, the system carries
on with other processes as deemed appropriate for the par-
ticular drug. If the answer to the prompt in box 455 is yes, the
care-giver enters the dose rate and other pertinent parameters
into the system, and the system determines whether those
delivery parameters are appropriate for the patient to which
the drug is to be delivered in box 460. This determination is
carried out by comparing the entered parameters with site-
defined rules and protocols stored in database 465, which may
be stored in the memory of the controller 200, or may be
available somewhere else on the system, such as server 60
(FIG. 1) and which may be accessed by controller 200
through communication system 150.

[0129] If the system determines the operating parameters
are inappropriate for the patient, the care giver is alerted, and
may either change one or more of the parameters until the
system indicates the operating parameters are appropriate, or
may over ride the alert and direct the system to proceed. A
record is typically stored in the memory of the controller 200
of all alerts and over rides for later analysis and reporting.

[0130] If the operating parameters are determined to be
appropriate in box 460, the system determines whether the
drug to be dispensed is compatible with existing infusions in
box 470 by comparing the present infusion and second drug to
a database 475 of drug incompatibility information. As
before, database 475 may be stored in the memory of the
controller 200, or it may reside on a server accessible to the
controller 200 through communication system 150. If the
drug is not determined to be incompatible with present or
previous infusions, then the care giver completes the set up of
the controller and initiates the infusion. However, if the drug
is determined to be incompatible in box 470, the care giver is
alerted to the incompatibility in box 480. The alert may also
include recommendations for correcting the problem, such
as, for example, recommending a different drug to be deliv-
ered, or a waiting period before beginning the infusion. These
recommendations may be site-defined or provided from a
database of standardized recommendations.

[0131] Pharmacokinetic Modeling

[0132] FIG. 9 depicts another embodiment of the therapy
management systems of the present invention that combines
patient specific information with site-defined rules incorpo-
rating pharmacokinetic equations and algorithms to assist
care givers by generating a proposed dose, and/or monitoring
schedule, based on target therapeutic ranges for a condition
being treated.

[0133] Pharmacokinetic (PK) models permit computation
of the theoretical time distribution and concentration (dispo-
sition) of an infused drug within various compartments of the
body including blood plasma and various “effect site” tissues.
Inputs to the PK model typically include the time course of
dose (Q), the drug’s “parameters” obtained from controlled
clinical studies and patient characteristics such as weight,
age, gender, blood volume, renal clearance if available.
[0134] For example, a simple PK model estimates the con-
centration of drug in the blood plasma (Cp) as a function of
the duration of a constant continuous drug flow Q as follows:

Co(O=QAK*Vd)*(1-e(0.693*1/15))
[0135] where the parameters are:

[0136] tis time elapsed
[0137] Q is the drug flow
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[0138] t'%is the half-life of the drug
[0139] Vd is the volume of distribution
[0140] Many drugs have a narrow range of optimum con-

centration (C) above which they exhibit toxicity and below
which there is no effect. Optimal delivery of medication
therapy considers the general PK characteristics of each drug
as well as patient-specific factors such as age, blood volume
and renal clearance which may modify these characteristics.

[0141] One embodiment of the therapy management sys-
tem of the present invention employs pharmacokinetic mod-
els defined by the institution to provide both initial guidance
and continuing feedback to the care giver related to the deliv-
ery of medication to a patient. In a typical application, a drug
is selected for delivery within a given profile for a specific
patient. Pertinent patient-specific data is retrieved by the sys-
tem and used to optimize the PK model for this patient.
Alternatively, the system may request that the care giver enter
appropriate patient information into the system to facilitate
calculations using a selected PK model. There may be more
than one PK model, including a plurality of PK models asso-
ciated with specific drugs. Thus, in some instances, the care
giver will select the appropriate PK model to use by making
a selection from among a list of PK models presented to the
care giver by the system.

[0142] Usingtheselected PK model, the embodiment of the
therapy management system of the present invention may
provide recommendations concerning bolus and continuous
dose rates needed to achieve the desired level of the drug
within the patient’s plasma. The therapy management system
is programmed to monitor the levels of the drug within the
patient’s plasma or blood and provide the clinical device
delivering the drug, typically an infusion pump, with dynami-
cally updated dose limits for bolus and continuous dosing.
Further, in one embodiment of the system of the present
invention, the system provides ongoing computation of com-
partment concentrations which are compared with institu-
tional defined compartment limits to provide alerts, alarms
and other guidance directly through the infusion system as
well as via secondary communication methods such as pag-
ers, cell phones or other hospital information systems.

[0143] For example, sodium nitroprusside may be admin-
istered to a patient experiencing acute hypertension to lower
the patient’s blood pressure. Sodium nitroprusside, a potent
vasodilator, is typically infused by IV with an initial bolus
dose followed by a continuous maintenance dose intended to
rapidly achieve a specific target effect-site concentration.

[0144] When the patient is admitted to the institution, the
patient’s age, weight, gender and other specific data are
entered into the institution’s information system and thus
may be accessed and retrieved by the therapy management
system of the present invention. The patient’s blood pressure
may be continuously monitored using, for example, a moni-
toring device designed to monitor blood pressure in the
patient’s radial artery. Samples of the patient’s blood, urine
and other fluids or tissues may be drawn to evaluate the
patient’s hematology and renal function. All of this informa-
tion may be stored in one or more databases resident on the
institutions information system or systems, and are accessed
and retrieved as needed by the therapy management system of
the present invention. The therapy management system
applies a selected PK model to evaluate the patient’s data and,
based upon the evaluation, make specific recommendations
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regarding bolus and continuous dosing amounts which are
within the institution’s defined limits for the delivery of nitro-
prusside.

[0145] Later, when appropriate laboratory testing results,
such as results for renal function, for the patient are entered
into the system and become available, the system evaluates
this data to determine the appropriateness of the initial limits
used to determine the recommended delivery parameters. For
example, if the laboratory test results indicate that renal clear-
ance is limited, the upper dosing limit for delivery of the
nitroprusside to the specific patient may need to be read-
justed. Additionally, the effect-site concentration limit may
be lowered as a function of the sub-optimal renal clearance to
avoid build up of toxic metabolic by products of the nitro-
prusside. If renal clearance is exceptionally poor, the system
may recommend use of alternate medication for regulation of
blood pressure.

[0146] Pharmacodynamic (PD) measurements and models
describe the relationship between drug concentration at its
effect-site (compartment) and a physiological response such
as blood pressure, heart rate, level of consciousness and the
like. While drug pharmacokinetics provides a means to esti-
mate the current and future drug disposition (concentration
and/or amount) in various compartments based on the time
course of drug infused, the physiological response is typically
measured by instrumentation and/or clinician evaluation.
These physiological responses are entered into the institu-
tion’s information system or systems and may be accessed
and retrieved the another embodiment of the present inven-
tionto assist care givers in the delivery of care to a patient. For
example, institutionally determined dosing and effect-site
limits may be automatically modified by the therapy manage-
ment system as a function of present and past PD evaluations
as well as other patient specific factors.

[0147] Referring again to the example of sodium nitroprus-
side infusion, a suitably programmed embodiment of the
present invention may access and retrieve stored data repre-
senting sequential measurements of arterial blood pressure
for a specific patient and compute the effect-site drug con-
centration. The system is programmed to evaluate this data
and calculate a pharmacodynamic concentration-response
curve for the patient. From this response curve, the patient’s
sensitivity to changes in effect-site concentration may be
determined from the rate of change of the response to the
effect site concentration. The patient’s response sensitivity, in
turn, may be used by the system to generate recommendations
related to adjusting the dosing therapy to achieve a specific
clinical target such as a reduced blood pressure level. For
example, an estimate of the relation between blood pressure
and effect site concentration of nitroprusside by the system
would inform the care giver of how much to increase or
decrease dosage in order to achieve the desired endpoint.
Further, in another embodiment, the system may provide the
care giver with specific recommendations for modifying the
dosing protocol to achieve the desired affect.

[0148] Some drugs, such as the anesthetic propofol, given
as a primary sedation agent, and remifentanil given as a
primary analgesic agent, exhibit synergistic interactions.
When given simultaneously, the effect on sedation is much
greater than for either drug given separately. Such interac-
tions may be monitored by the various embodiments of the
system of the present invention. The system may apply rules
determined by the institution to represent the best practice
within the institution for delivering such a combination of
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drugs to ensure that the delivery parameters prescribed by the
care giver are appropriate. If the system determines the
parameters are not appropriate, the system may alert the care
giver, and, in some embodiments, provide the care giver with
recommendations for adjusting the delivery parameters of the
drugs to ensure that delivery of the drugs is performed as set
forth by the institutionally determined rules. Moreover, the
system, applying the PD model in accordance with clinical
and laboratory results, as well as pertinent patient informa-
tion, may dynamically adjust the defined dose and compart-
ment concentration limits. Alternatively, the system may
make recommendations for such adjustments to the care
giver. For example, where propofol and remifentanil are to be
administered to the patient, lower dosage limits and compart-
ment limits for both medications would be indicated, and this
information would be provided to the care giver for the care
giver’s consideration, or, in some embodiments of the present
invention, the limits would be automatically adjusted by the
system as appropriate in view of the institutions established
guidelines and the patients physiology and condition.

[0149] The use of PK and PD models, along with applica-
tion of institutionally determined rules, when applied to plan-
ning and adjusting the therapy delivered to a patient can be
thought of as an automated system similar to that used to
control the flight path of an airplane. A course of therapy is
planned for a patient based upon patient information, such as
physiology and condition, disease diagnosis and generally
accepted best practices within an institution. As the therapy
progresses, the patient’s condition, as represented by the
value provided by various monitoring devices, laboratory
results and patient input (such as a patient’s scaling of his or
her pain, for example) are monitored by the system. Where
there are results that indicate a problem, either current or
potential, the course, or flight path, of the therapy may be
adjusted by the system to provide for the best outcome for the
patient. These adjustments may take the form of adjustments
to dosing parameters, recommendations for adjustments or
changes to the therapy, or notifications or alerts to the care
giver that the therapy or some aspect of the therapy needs
attention. Thus, the present invention includes closed-loop
control of the therapy to the patient based upon the informa-
tion available to the system, including the planned course of
therapy and the on-going outcome of that therapy as deter-
mined from the devices monitoring the patient and the results
of laboratory or other tests carried out on the patient.

[0150] As in previously described embodiments, a medica-
tion or drug to be administered is identified to the therapy
management system by inputting the information on, for
example, the label of the medication into the system using, for
example, a bar code reader, in box 500 of FIG. 9. Running
appropriately designed software, the system generates a rec-
ommended dosing and monitoring schedule in box 505. The
recommended dosing and monitoring schedule is developed
using information stored in a database of site-defined treat-
ment protocols 510, a database of site-defined equations and
algorithms 515, information from other hospital or institu-
tional systems 520, information received from monitoring
devices 525, which may be received directly from the moni-
toring devices, or retrieved from information generated by the
monitoring devices, such as blood pressure, temperature,
laboratory results and the like, and stored in a database acces-
sible to the system using the communication network.
Finally, patient input may also be used as a factor in generat-
ing a recommended dosing and monitoring schedule. For
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example, information about the patient’s age, weight, gender,
allergies and other conditions and the like may be used by the
system to develop an appropriate dosing and monitoring
schedule. Additionally, information from the patient regard-
ing the patient’s assessment of his or her condition, such as a
patient’s rating of pain he or she is experiencing, may also be
inputted into the system.

[0151] Once an infusion has been initiated, various
embodiments of the therapy management system of the
present invention embodied in suitable software programs
operating on one or more servers of the system, or on a
controller such as controller 200 (FIG. 2), or both, monitor the
infusion and the collection of information about the condition
and status of the patient from various monitoring devices and
laboratory instruments or information systems. Additional
embodiments of the present invention include programs
embodied in suitable software that use the information
received from the therapy administration devices and clinical
monitoring devices to assist the care giver in modifying the
treatment regimen delivered to a patient to improve the
patient’s course towards a desired outcome.

[0152] Forexample, modifying the operating parameters of
an infusion pump after the start of an infusion may trigger the
application of various rules, pharmacokinetic equations, and/
or other institutional guidelines to the proposed parameter
changes. Should the proposed changes be determined by the
system to be inappropriate for one or more reasons, the sys-
tem will provide an alert or alarm to the care giver, nurse
station and/or pharmacy, or care giver. In some instances, the
alarm or alert may be over ridden; in other cases, further
operation of the infusion pump may be blocked by the system
until the parameter value is changed to an acceptable value.
[0153] In another embodiment, the system monitors infor-
mation related to a particular patient that is generated by
various clinical monitoring devices or by institutional labo-
ratory tests. In this embodiment the system, applying proto-
cols and guidelines established by the institution, monitors
the patient’s data to determine if appropriate testing has been
performed and that the results of the testing or monitoring are
within institutional guidelines. If, for example, the system
does not detect that a required test has been performed within
an intuitionally determined period, the system sends an alert
to caregivers, nurse stations, pharmacy stations or any other
suitable workstation of information viewer in communication
with the system. The priority of the alert or alarm may be
dynamically adjusted based upon the condition being moni-
tored, the patient’s past medical history, condition or other
characteristics, the timeframe since the last data was received,
and whether a caregiver has taken any action in response to a
previous alert or alarm.

[0154] An example of a process embodying aspects of the
present invention is set forth in the block diagram of FIG. 10.
After an infusion has been initiated or a drug administered in
box 550, the system monitors the various information data-
bases accessible to it through the communication network
systems, such as that shown in FIGS. 1 and 2. If the particular
patient or drug profile associated with a given therapy calls for
monitoring of one or more aspects of the patient’s condition
atspecified timeframes, or at a specific time of day, the system
checks to see if the results of such monitoring are stored in the
various information databases within the specified timeframe
in box 555. In determining whether a result has been received
in a specified timeframe, the system accesses and retrieves
information from other institutional systems, such as a data-
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base of site-defined protocols 560, a database of site-defined
alarms management rules 565, other hospital information
systems 570, monitoring devices 575 and patient input 580.

[0155] If the determination in box 555 is that a required
result has not been received in the specified timeframe, the
system sends an alert, which may also be accompanied by one
or more recommendations for correcting the condition that
caused the alert, to one or more specified persons or work
stations in box 585. The system then continues to monitor the
information flowing through the institution’s systems to
determine if an appropriate response to the alert or alarm is
entered into the system in box 590. This determination is
based on comparing the response received with the informa-
tion in a database of site-defined protocols and rules 595, and
with the information stored in a database of site-defined
alarms management rules and guidelines 600. Databases 595
and 560 may be the same database or different databases.
Similarly, databases 600 and 565 may be same or different
databases. If the system, in box 590, determines that an appro-
priate response has not be received, the system may then
escalate the priority or severity of the alert or alarm in box 605
as deemed appropriate, again with reference to institutionally
determined protocols, rules and guidelines.

[0156] Similarly, when monitoring results are received by
the system, whether within a specified timeframe or other-
wise, the system analyzes the received monitoring result or
parameter to determine if the value of the result or parameter
is within a range of expected values of that parameter, given
the therapy regimen being administered and the patient’s
profile and condition. An example of an embodiment of the
present invention incorporating aspects of such a system is
depicted in the flow chart of FIG. 11.

[0157] After the infusion is initiated or a drug administered
in box 620, the system monitors the various institutional
information systems and clinical devices in which it is in
communication for the entry of results of tests, such as labo-
ratory tests, or values communicated by clinical devices
monitoring the condition of the patient. Once these results are
entered and detected by the system, the system analyzes the
result to determine if the result is within a range of acceptable
values in box 625. This determination utilizes information
stored in a database 630 of site-defined protocols, rules, or
pharmacokinetic and/or pharmacodynamic equations, a data-
base of site-defined alarms management rules or guidelines
635, information available from other institutional systems
640, monitoring devices 645 and input from the patient 650.

[0158] If the system determines that the result is out of
range in box 625, the system sends an alert or alarm, which
may also be accompanied by one or more recommendations
for correcting the condition that caused the alarm, to one or
more specified persons or work stations in box 655. The
system then continues to monitor the information flowing
through the institution’s systems to determine if an appropri-
ate response to the alert or alarm is entered into the system in
box 660. This determination is based on comparing the
response received with the information in a database of site-
defined protocols and rules 665, and with the information
stored in a database of site-defined alarms management rules
and guidelines 670. Databases 665 and 630 may be the same
database or different databases. Similarly, databases 670 and
635 may be same or different databases. If the system, in box
660, determines that an appropriate response has not be
received, the system may then escalate the priority or severity
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ofthe alert or alarm in box 675 as deemed appropriate, again
with reference to institutionally determined protocols, rules
and guidelines.

[0159] In addition to receiving results from other institu-
tional systems or clinical devices monitoring the condition of
a patient, the results may also be received from the patient.
For example, the patient could self-administer a pain scale by
entering a response to a prompt provided to the patient by, for
example, the user interface 235 of controller 200 (FIG. 2).
The system may provide a notification to the patient at the
appropriate time to enter the pain scale response, and provide
an alarm as appropriate based upon the response by the
patient, or a lack of response by the patient. Further alarms
and/or recommendations are issued by the system in accor-
dance with databases of site-defined protocols, rules, phar-
macokinetic and/or pharmacodynamic equations, and alarms
management rules and guidelines

[0160] As indicated above, the system is programmed to
check for any changes being made to a therapy during the
course of therapy administration. For example, one embodi-
ment of the system of the present invention is programmed to
monitor all changes to infusion regimens that are made by
care givers in an institution, as illustrated by the flow chart of
FIG. 12. In this embodiment, an infusion is modified in box
700, such as, for example, by changing the rate of the infu-
sion, the amount to be infused or other infusion parameter.
The controller 200 (FIG. 2) sends a signal over the commu-
nication system indicating that a change to the infusion regi-
men has been made.

[0161] The system, monitoring the information flowing
through the communication system, detects the signal that the
infusion has been changed. It will be understood that the
location of the program monitoring for changes and for ana-
lyzing the appropriateness of the changes is not important to
the scope of the present invention. Such a program may be
running on one or more servers, or the program may be
running on the processor of controller 200.

[0162] As indicated by box 705, the system determines if
any unresolved alerts exist by querying a database 710 or
previous alerts associated with the therapy being adminis-
tered to the patient. If unresolved alerts exist, the system
determines whether they are alerts indicating that the infusion
has been modified in box 715. If the unresolved alerts are
determined to be alerts indicating a change in infusion, the
system determines if the changes to the infusion are appro-
priate in box 720 by comparing the changes to a database of
site-defined protocols, rules, guidelines, and/or pharmacoki-
netic and/or pharmacodynamic models or equations 725.
[0163] If the system determines that the infusion has not
been modified appropriately in box 720, the system provides
an alert to the care giver, which may also include one or more
recommendations for correcting the inappropriate parameter
of’condition, in box 730. The system continues to monitor and
determine if an appropriate changes was made in response to
the alert in box 740. If an appropriate change has not been
made, the system sends an alert or an alarm to the care giver
or others in the institution in box 750. This alert or alarm may
also include recommendations for correcting the condition
causing the alert or alarm.

[0164] Referring againto box 715, if the system determines
that the previous unresolved alert is not an alert associated
with a modification of the infusion, the process jumps to box
730, where the system provides an alert, with or without
recommendations, to the care giver or other in the institution.
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As before, the system then monitors to see if an appropriate
change is made to correct the cause of the alert condition in
box 740, and sends an alert or alarm, with or without recom-
mendations for correcting the cause of the alert, to care givers
or others in the institution in box 750.

[0165] As discussed previously with reference to FIG. 11,
the system continues to monitor to determine if an appropri-
ate response to the alert or alarm issued in box 750 is received.
If not, then the system may escalate the priority or severity of
the alert or alarm until the condition causing the alert or alarm
is resolved.

[0166] At times, a clinician or other care giver may decide
to override an alert or recommendation. In this situation, the
system may be programmed to prompt the physician or care
giver to enter a reason for the override. This prompt will
typically be provided by, for example, a user interface, such as
user interface 235 of controller 200 (FIG. 2). The clinician or
care giver may either enter a reason by using alpha numeric
keys provided by the interface, or, alternatively, may select a
reason from a pre-determined list of reasons, such as may be
provided in a drop down list or otherwise. This feature pro-
vides for documentation of the reason for the override which
is then stored in the patient’s eMAR. Besides the obvious use
of this information in documenting the course of therapy
administered to the patient, such information is also useful in
that it may be retrieved and analyzed at a later time to assist
the institution in modifying the institutionally determined
rules, protocols, guidelines and models used by the system to
monitor the course of therapy administered to the institution’s
patients to ensure that the rules and protocols reflect the best
practices of the institution.

[0167] Similarly, the clinician or care giver may be
prompted by the system to enter information about their per-
ception of the utility of an alarm. This information may be
used to adjust the alarms management protocols and rules
used by institution.

[0168] When an alert occurs, the system records all appro-
priate patient information and care giver response to the alert,
including, for example, the time for care giver to respond to
the alert, the action taken, the reason for action, as well as the
response of the patient to the change in therapy brought about
by a correction to an alert or alarm condition, as determined
by parameters being monitored by various clinical devices
and/or values determined by laboratory tests or patient input.
This information may also be analyzed by the system to assist
in adjusting or modifying the institutionally determined pro-
tocols, rules, guidelines, and pharmacokinetic and pharma-
codynamic models used by the system in monitoring and
analyzing the delivery of therapy within the institution.
[0169] The therapy management system, utilizing the
application modules described above, monitors the infusion
process in a real-time manner, providing alerts on the appro-
priate video display screens located throughout the institution
and allows intervention by nurses or other caregivers at
remote locations if necessary. As described previously, the
system may also, or instead, provide the alert to a pager, PDA,
telephone, email or the like. If the pharmacy management
system is directly linked to the therapy management system,
the therapy management system may also provide a schedul-
ing report to the pharmacy in determining the status of ongo-
ing infusions, as well as in scheduling the preparing of medi-
cations for future infusions.

[0170] As can be readily understood by those skilled in the
art, the various embodiments of the present invention provide
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useful solutions to a variety of therapy management prob-
lems. One aspect that is particularly useful is that the embodi-
ments of the present invention provide the automatic moni-
toring, recording and reporting functions that enable not only
implementation of critical pathway management plans, but
ensure compliance with them as therapy is administered to a
patient. For example, one of the current “core measures” of
the Joint Commission on Accreditation of Healthcare Orga-
nizations (JCAHO) for the treatment of community-acquired
pneumonia is that two blood cultures be drawn prior to
administering the first dose of antibiotic. As described above,
the therapy management system in accordance with the
present invention may be programmed to identify when a
patient is diagnosed with community acquired pneumonia,
monitor the system for verification that blood has been drawn
for laboratory tests, and then prompt a care giver attempting
to administer an antibiotic that one or both of the blood draws
has not been taken. Embedding the critical pathway into the
therapy management software, databases and rules engines in
accordance with the present invention ensures compliance of
the critical pathway, and automatically collects information
about the entire process of care involved in delivering the
prescribed treatment regimen. Such information assists the
institution in ensuring that the care prescribed is actually
delivered, and will also assist the institution in justifying the
cost of treatment, or “pay for performance” of the care pro-
vided by the institution.

[0171] In another embodiment, the present invention
includes a “Code Mode” that allows a care-giver to bypass the
system to immediately cause a list of drugs that have been
preselected by the institution to be used in an emergency
situation. The initiation of the “Code Mode” causes a time-
stamp to be placed in the patient’s eMAR along with the
identity of the drug selected from the displayed list of drugs to
be used to treat the emergency. This feature ensures that the
emergency, and the treatment used to address the emergency,
are accurately recorded in the patient’s eMAR. This feature
may also include suppression of all on-going alerts to prevent
distraction of the care givers in the emergency situation.

[0172] While one particular embodiment of the present
invention has been described above, alternative configura-
tions of the therapy management system network are pos-
sible. For example, one alternative embodiment of the therapy
management system is depicted in FIG. 13. In this configu-
ration, clinical devices 800 are connected by means of appro-
priate interfaces and cabling 805 to a bedside data concentra-
tor 810 which would typically be located outside of a private
room, semi-private room or ward area. In this configuration,
there is no bedside computer or controller as described pre-
viously. Instead, the bedside data concentrator 810 is con-
nected through an appropriate interface and cabling to the
local area network 815, where the data gathered from the
clinical devices 800 is then available for processing by the
therapy management system and display at the various moni-
toring stations, such as either in the pharmacy or at the nurse
station 820 or stored or further routed by a server 825. As
described previously, the devices may also communicate with
each other and the communication system 815 by wireless
means.

[0173] A further embodiment of the therapy management
system local area network is depicted in FIG. 14. In this
embodiment, the file server and monitoring stations are con-
nected using appropriate interfaces and ethernet cabling to an
RF data concentrator 830. At the bedside locations in the
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private rooms, semi-private rooms or ward areas of the insti-
tution, the clinical devices 800 and barcode reader 835 at the
bedside are connected to an RF transmitter/receiver 830. This
RF transmitter/receiver 830 transmits the information gath-
ered from the clinical devices 800 and the barcode reader 835
to the RF data concentrator 840 attached to the local area
network 815. Thus, expensive cabling is not required to con-
nect every patient treatment area. Additionally, flexibility in
locating the clinical devices 800 and barcode reader 835 is
obtained as well as allowing the ability to reconfigure the
patient treatment area without costly rewiring of the ethernet
cabling.

[0174] Yet another embodiment of the therapy manage-
ment system local area network 815 configuration is shown in
FIG.15. Inthis configuration, the ethernet cabling connecting
the pharmacy system (not shown), bed side computer or con-
troller 845, the nurse station 820 and bedside computers or
controllers and clinical devices 800 is eliminated entirely.
Each hardware element, comprising the file server, nursing
station, pharmacy station and bedside computer or controller
and clinical devices and/or barcode readers is connected to an
RF transmitter/receiver 830. In this manner, all of the infor-
mation is transmitted throughout the local area network 815
by way of radio transmission rather than by using costly
network cabling. Such a system would additionally allow for
the use of portable computers 850, PDAs, smart cards and
other devices, such as portable medication data carriers hav-
ing RF transmitter/receivers 830 or other means of wireless
communication, as have been described above, that could
then be carried with physicians, nurses or technicians as they
circulate through the institution. With this configuration, care
giving personnel could access the therapy management sys-
tem either spontaneously or upon notification of an alert or
alarm no matter where they were in the institution at any given
time. Such a system would be particularly useful in a large
institution where care giving personnel are likely to be
responsible for many hospital beds or when personnel are out
of the area or off the floor.

[0175] Inaccordance with aspects of the present invention,
a medication database carrier (“MDC”) 900, one embodi-
ment of which is depicted in FIG. 16, including a processor
and a memory for storing information is provided to monitor
medication parameters or other information used by a nurse
or other care-giver to program a medication administration
device to deliver medication to a patient. Various types of
information may be stored in the memory of the MDC 900,
including databases containing information about drug inter-
actions and possible contraindications and/or side-effects of
medications, and a library or libraries of established guide-
lines for the administration of various medications. For
example, the guidelines may include institutionally-estab-
lished guidelines or limits on drug administration parameters,
such as dosage, frequency of administration, and other deliv-
ery related information such as, for example, appropriate flow
rates and infusion durations for programming infusion
pumps. Additionally, the guidelines may encompass guide-
lines for providing drug administration appropriate to a par-
ticular patient or to treatment areas having different sets of
delivery parameters for similar medications, such as medica-
tion administration directed to geriatric, pediatric, and oncol-
ogy patients. Guidelines may also be included that are
directed to particular therapy regimens, such as chemo-
therapy regimens or regimens for treating chronic infection or
pain. The term “database” or “data base” as used herein will
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be understood by those skilled in the art to be used as is
commonly understood, that is, the term “data base” refers to
a collection of values or information organized, formatted,
and stored in such a manner as to be capable of being retrieved
and analyzed using an appropriate program contained in soft-
ware or other form.

[0176] In one embodiment of the present invention, the
MDC 900 may be interfaced to the nurse station system 135
(FIG. 1) or any other of the information systems of the central
system of an institution through a cradle or other docking
device that provides a connection between the MDC 900 and
the therapy management system. This information may then
be processed and stored on the therapy management system,
or the information may be communicated by the therapy
management system to various other institutional informa-
tion systems over the communication system 50. In this man-
ner, information from the pharmacy information system 20,
for example, may be communicated through the communica-
tion system 50, the nurse station system 135, and the MDC
cradle into the MDC 900. Similarly, information contained
within the MDC 900 may be communicated through the
MDC cradle, the nurse station computer system 135, and the
communication system 50 to any of the other systems of the
institution. Alternatively, the MDC may be capable of wire-
less communication with any or all of the institution’s sys-
tems.

[0177] The medical database carrier 900 generally refers to
a device that contains medication and/or patient specific
information and/or databases or libraries, including institu-
tionally generated guidelines for the delivery of medication to
a patient, as well as drug interaction information or informa-
tion concerning possible drug side-effects, and that is por-
table such that it can be carried by a nurse or other care-giver
to and from a patient’s bedside. Alternatively, as will be
described in more detail below, the MDC 900 may be con-
sidered to be relatively stationary in that it is associated with
either a particular patient or medication administration
device. The MDC 900 may also have a storage capability and
technology for interfacing with a computer system or net-
work so that information may be communicated between the
MDC 900 and other devices, such as computers, medication
administration devices, clinical devices such as vital signs
monitoring devices and the like. The MDC may also have a
video display screen in color or black and white (mono-
color), such as that provided by an LCD or an array of LED’s,
or other, and a data entry means such as a keyboard, keypad,
a screen used for handwriting recognition, or other data entry
means.

[0178] A general concept embodied in the MDC 900 is to
provide a system and method wherein medication adminis-
tration parameters or other information entered into a medi-
cation administration device such as an infusion pump, may
beretrieved from the device prior to actual medication admin-
istration and compared to information in the database or
databases stored in the MDC to determine if the entered
parameters or information fall within institutionally estab-
lished guidelines for the administration of a particular medi-
cation. If the comparison indicates that the parameters or
information entered into the medication administration
device are appropriate in that they fall within the established
guidelines, then an indication to that effect is provided to the
nurse or care-giver and the nurse may then begin medication
administration.
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[0179] Alternatively, if the comparison indicates that one or
more parameters or information do not meet the established
guidelines, a warning or alert is provided to the nurse or
care-giver that one or more parameters or a portion of infor-
mation has been incorrectly entered into the medication
administration device, and that corrective action or an over-
ride is required before medication administration can begin.
In another embodiment, the medication administration
device may be automatically inhibited from starting admin-
istration of a medication unless it receives a signal from the
MDC 900 that the comparison was favorable, thus providing
a fail-safe against incorrect administration of the medication.

[0180] The MDC 900 typically will also be capable of
retrieving medication administration parameters or informa-
tion from a medication administration device, and storing
data or information concerning various transactions in its
memory representing the identity and treatment regimens for
medications given to a patient, as well as other information,
such as care-giver identity, equipment location, patient vital
signs information, or any other information sought to be
recorded. The MDC 900 may also store data or information
concerning primary or secondary validation of previous and/
or duplicate transactions of medical treatment information.
The display of the MDC may also provide a care-giver with
messages or other information, such as warnings or prompts
to enter data, related to medication administration. Moreover,
the keyboard or other information entry means of the MDC
may be used for manually entering information into the MDC
for storage in the memory of the MDC.

[0181] While specific examples of an MDC 900 are set
forth herein, it will be understood that the MDC is meant to
include any device that carries out the basic concept of the
invention. That is, a device that receives medication admin-
istration or treatment information from a medication admin-
istration device, such as, for example, but not limited to, an
infusion pump, and has a processor capable of comparing the
received information to institutionally established medica-
tion administration guidelines or other pertinent information
or data, such as drug interaction information and/or a library
of possible side-effects, and then providing an indication of
the result of the comparison to a nurse or care-giver before
administration of a medication to a patient is begun, will
accomplish the aims of the present invention. A particularly
advantageous embodiment includes storing information
about the medication administration, such as the medication
administration or treatment parameters, and/or other infor-
mation, such as the identity of the patient and care-giver, in
the memory of the MDC 900 until the MDC 900 re-estab-
lishes a communication connection with the therapy manage-
ment system, whereby the information stored in the memory
of the MDC 900 may be communicated to the therapy man-
agement system and incorporated into one or more of an
institution’s information databases. Updating the databases
provides a verification that the treatment has been rendered
thereby avoiding a duplicate treatment. In this manner, the
present invention “closes the loop” ensuring that the right
medication has been given in the right manner to the right
patient.

[0182] For example, consistent with the present invention,
the MDC 900 may be embodied in a hand-held personal
digital assistant (PDA) such as a Palm™ Pilot or any PDA
running either the Palm™ operating system, the Windows™
operating system or an equivalent, a desktop computer, a
notebook computer, or other portable computer system. The
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MDC may also comprise a smartcard such as those that are
capable of processing and storing data, such as the American
Express Bluecard. The use of such devices is advantageous in
that devices having a suitably large memory to accommodate
the type of information required by the present invention to
monitor and track medication administration information and
validate treatment as well as retrieving other patient informa-
tion, are readily available and relatively inexpensive, thus
allowing an MDC to be assigned to each individual patient, or
alternatively, to an individual medication administration
device, such as an infusion pump, or other clinical device,
such as a vital signs monitor. Additionally, such devices are
small, compact and easily transportable.

[0183] Alternatively, the MDC 900 may be embodied in
any device that includes an active embedded processor and a
memory capable of storing information. Such an active
embedded processor may be even smaller and more portable
than a PDA or notebook computer. For the purposes of the
present invention, such an active embedded processor
includes any device incorporating a microprocessor and
allows for input and/or output of information, whether via
electrical, radio frequency, or optical means, wireless or
direct contact, and which contains its own power supply. One
example of an active embedded processor in accordance with
this invention may be attached to or embedded in the packing
or container of a medication to be delivered to a patient. Such
devices may typically be manufactured no larger than, for
example, a postage stamp or business card and yet include,
using micro circuitry, enough processing power, information
storage, data or information input and output, and power to be
suitable for use as a medical database carrier. Alternatively,
the embedded processor and memory may be integrated into
amedication administration device, such as an infusion pump
or other device.

[0184] In another embodiment, such as where the patient
specific asset or medication administration device is modular
and includes a controller such as in the ALARIS Medical
Systems, Inc. MEDLEY™ MEDICATION SAFETY SYS-
TEM, the controller may include sufficient programming to
perform the function of an MDC. In such case, the controller
would be in contact with institutional information systems,
such as the pharmacy information system 20, and receive
updated information concerning institutional guidelines for
medication administration or other patient area or drug spe-
cific information to be used to compare with entered medica-
tion administration information or parameters before begin-
ning administration of a medication to a patient.

[0185] It is not unusual at present to find patient stations
having a computer or bedside controller 55 (FIG. 1) located at
patient bedsides in a care-giving facility. Such bedside con-
trollers 55 may serve a single patient, or may serve more than
one patient, depending on the design and arrangement of the
patient area. There may also be a variety of equipment or
clinical devices attached to the bedside controller 55.
Examples of such devices are a bar code reader, a printer (not
shown), patient monitoring equipment for monitoring patient
vital signs, or other patient specific assets (PSA) assigned to
the patient. Further examples of such a PSA include an infu-
siondevice 75 such as can form a part of the ALARIS Medical
Systems, Inc.’s MEDLEY™ MEDICATION SAFETY SYS-
TEM 55. Attention is directed to U.S. Pat. No. 5,713,856
entitled “Modular Patient Care System” to Eggers et al. in
which the controller is described as an advanced interface
unit, and is incorporated herein by reference. In such system,
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an infusion device may be mounted to the controller. Other
devices, such as a vital signs monitor or monitors, are envi-
sioned as being mountable to the controller also. Other infu-
sion or drug delivery devices and/or patient monitoring
equipment such as cardiac or respiratory monitors may also
comprise or form a part of the PSA.
[0186] The bedside equipment and clinical devices are
typically equipped with data communication technology
such as RS 232 serial ports or proprietary communication
ports that allow information and data to be communicated to
and from the equipment or clinical device. Using this com-
munication technology, the bedside equipment and clinical
devices may be connected to the bedside controller 55, or,
alternatively, they may be connected, either by wire or wire-
less system, to the facility communication system 50 using
wireless technology, such as RF, IR, or other wireless com-
munication protocols.
[0187] While the therapy management system has been
described above in terms of controlling and analyzing infor-
mation flow to and from an infusion pump, devices incorpo-
rating the principles of the present invention include, for
example, and not limited to, vital signs monitors or other
clinical devices interacting with a patient. For example, the
medication administration device may also be a patient feed-
ing device.
[0188] Furthermore, the institutional communication sys-
tem 50 as mentioned above numerous times is not meant to be
taken in a limited sense. Such a communication system may
encompass an entire hospital facility or may be located only
in a small area of the hospital. It may also include a commu-
nication system in a care-giving facility other than a hospital
and may have application to an alternate care facility, such as
a patient’s home. The above embodiments are described for
exemplary purposes only.
[0189] In the above detailed description, well-known
devices, methods, procedures, and individual components
have not been described in detail so as not to obscure aspects
of the present invention. Those skilled in the art will under-
stand those devices, methods, procedures, and individual
components without further details being provided here.
Moreover, while the embodiments disclosed above are
described for use in a hospital environment, it will be under-
stood that the system and method may be useful in other
environments as well, such as outpatient clinics and other
environments where care is delivered to a patient.
[0190] While several particular forms of the invention have
been illustrated and described, it will be apparent that various
modifications can be made without departing from the spirit
and scope of the invention.

We claim:

1. A system for managing therapy provided to a patient,
comprising;

a memory comprising:

a pharmacodynamic (PD) model configured to predict a
physiological response based on a concentration of a
medication in the patient’s body tissues; and

at least one limit for the physiological response; and

a processor coupled to the memory, the processor config-
ured to:

receive a measured medication concentration of the
medication within at least a portion of the patient’s
body tissue and a measured physiological response of
the patient;
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retrieve the PD model and the at least one limit from the
memory;

utilize the PD model with the measured medication con-
centration to calculate a predicted physiological
response of the patient; and

provide an alert if a difference between the predicted
physiological response and the measured physiologi-
cal response is outside the at least one limit.
2. The system of claim 1, wherein the processor is further
configured to provide an alert if the measured physiological
response has not been received within a specified time frame
since receipt of an immediately prior measured physiological
response.
3. The system of claim 1, wherein the processor is further
configured to provide a recommendation for adjusting a rate
of medication delivery to achieve a desired change in the
physiological response.
4. The system of claim 1, wherein the processor is further
configured to provide a recommendation for adjusting a rate
of medication delivery to achieve a desired target physiologi-
cal response.
5. The system of claim 1, further comprising a two-way
communication system coupled between the memory and the
processor.
6. A system for managing therapy provided to a patient,
comprising:
a memory comprising a pharmacokinetic (PK) model con-
figured to predict a concentration of a medication within
at least a portion of the patient’s body tissue; and
a processor coupled to the memory, the processor config-
ured to:
accept a medication identification, a treatment protocol,
and patient-specific information;

retrieve the PK model from the memory; and

generate, using the PK model, the medication identifi-
cation, the treatment protocol, and the patient-specific
information, at least one of a recommended dosing
schedule and a recommended monitoring schedule
for administration of the medication to the patient.

7. The system of claim 6, wherein the patient-specific
information comprises at least one of the group of an age, a
weight, a gender, a diagnosis, a blood pressure, a result of a
blood test, and a result of a urine test.

8. The system of claim 6, wherein the dosing schedule
comprises a bolus dose and a subsequent continuous rate of
administration to achieve and maintain a target concentration.

9. The system of claim 6, further comprising at least one
monitoring device configured to measure a concentration of a
medication within at least a portion of the patient’s body
tissue and provide information related to the measured con-
centration of the medication, wherein the processor is further
configured to:

accept the information generated by the at least one moni-
toring device; and

generate, based on the information from the at least one
monitoring device, a recommendation for adjusting at
least one of the dosing schedule and the monitoring
schedule.

10. The system of claim 6, further comprising a two-way
communication system coupled between the memory and the
processor.

11. A method of managing therapy provided to a patient,
comprising the steps of:

Apr. 18, 2013

receiving a measured medication concentration of a medi-
cation within at least a portion of a patient’s body tissue
and a measured physiological response of the patient;

retrieving a pharmacodynamic (PD) model and at least one
limit for the physiological response from a memory, the
PD model being configured to predict a physiological
response based on a concentration of a medication in a
patient’s body tissues;

calculating a predicted physiological response of the
patient automatically utilizing the PD model with the
measured medication concentration; and

providing an alert automatically if a difference between the
predicted physiological response and the measured
physiological response is outside the at least one limit.

12. The method of claim 11, further comprising the step of
providing an alert automatically if the measured physiologi-
cal response has not been received within a specified time
frame since receipt of an immediately prior measured physi-
ological response.

13. The method of claim 11, further comprising the step of
providing a recommendation for adjusting a rate of medica-
tion delivery to achieve a desired change in the physiological
response.

14. The method of claim 11, further comprising the step of
providing a recommendation for adjusting a rate of medica-
tion delivery to achieve a desired target physiological
response.

15. The method of claim 11, wherein the step of retrieving
a PD model and at least one limit for the physiological
response from a memory comprises retrieving the PD model
and the at least one limit for the physiological response
through a two-way communication system coupled to the
memory.

16. A method of managing therapy provided to a patient,
comprising the steps of:

accepting a medication identification, a treatment protocol,
and patient-specific information;

retrieving a pharmacokinetic (PK) model from a memory,
the PK model configured to predict a concentration of a
medication within at least a portion of the patient’s body
tissue; and

generating automatically, using the PK model, the medi-
cation identification, the treatment protocol, and the
patient-specific information, at least one of a recom-
mended dosing schedule and a recommended monitor-
ing schedule for administration of the medication to the
patient.

17. The method of claim 16, wherein the patient-specific
information comprises at least one of the group of an age, a
weight, a gender, a diagnosis, a blood pressure, a result of a
blood test, and a result of a urine test.

18. The method of claim 16, wherein the recommended
dosing schedule comprises a bolus dose and a subsequent
continuous rate of administration to achieve and maintain a
target concentration.

19. The method of claim 16, further comprising the steps
of:

measuring the concentration of the medication within at
least a portion of the patient’s body tissue during admin-
istration of the medication and providing information
related to the concentration of the medication; and
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generating automatically, based at least in part on the mea-
sured concentration of the medication, a recommenda-
tion for adjusting at least one of the dosing schedule and
the monitoring schedule.
20. The method of claim 16, wherein the step of retrieving
a PK model from a memory comprises retrieving the PK
model through a two-way communication system coupled to
the memory.
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