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PATIENT-SPECIFIC MEDICATION MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority under 35 U.S.C. § 20 as

a continuation in part from U.S. Patent Application Serial No. 13/246,782, entitled

"System and Method for Dynamical y Adjusting Patient Therapy," filed on September 27,

20 1, which is a continuation of U.S. Patent Application Serial No. 12/947,773, entitled

"System and Method for Dynamically Adjusting Patient Therapy," filed on November 6,

20 10, now issued as U.S. Patent No. 8,340,792, which is a continuation of U.S. Patent

Application Serial No. 10/925,5 11, entitled "System and Method for Dynam ically

Adjusting Patient Therapy," filed on August 25, 2004, now issued as U.S. Patent No.

7,860,583, and the present application also claims the benefit of priority under 35 U.S.C.

§120 as a continuation in part from U.S. Patent Application Serial No. 3/1 85,427,

entitled "Distributed Remote Asset and Medication Management Drug Delivery System,"

filed on July 18, 20 11, which is a continuation of U.S. Patent Application Serial No.

11/268,995, entitled "Distributed Remote Asset and Medication Management Drug

Delivery System," filed on November 7, 2005, now issued as U.S. Patent No. 8,005,688,

which is a divisional of U.S. Patent Application Serial No. 09/860,865, fi led on May 18,

200 1, which claims the benefit of priority under 35 U.S.C. § 9 to U.S. Provisional

Patent Application No. 60/205, 125 filed on May 8, 2000, the disclosures of which are

hereby incorporated by reference in its entirety for a l purposes.

BACKGROUND

Field

[0002] The present disclosure relates generally to systems and methods for managing

patient care in a health care facility, and more particularly, to systems and methods for

integrating and managing information with respect to medical care, medication delivery,

asset identification, and verification of drug del ivery.

Description of the Related Art

[0003] Medication errors, that is, errors that occur in the ordering, dispensing, and

administration of medications, regardless of whether those errors cause injury or not, are a

significant consideration in the delivery of healthcare in the institutional setting.



Additionally, adverse drug events (ADE), which are defined as injuries involving a drug

that require medical intervention and are a subset of medication errors, represent some of

the most serious medication errors are responsible for a number of patient injuries and

death.

[0004] Healthcare facilities continually search for ways to reduce the occurrence and

severity of medication errors. Various systems and methods are commonly used to reduce

the frequency of occurrence and severity of preventable adverse drug events (PADE) and

other medication 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 ADEs and

PADEs should take these five rights into consideration.

[0005] Delivery, verification, and control of medication in an institutional setting

have traditionally been areas where errors can occur. In a typical healthcare facility, a

physician enters an order for a medication for a particular patient. This order may be

handled either as a simple handwritten order, or it may be entered into an automated

system, such as a physician order entry (POE) system. The handwritten order or the

electronic prescription from the POE system is routed to the pharmacy, where the order is

f illed. 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 contraindications. Depending on the healthcare 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.

[0006] Such a system works well to verify that patients are receiving the appropriate

drug when drugs are delivered orally. But the system may not be capable of thoroughly

verifying that the correct administration of an intravenous (IV) drug is being provided to a

patient. Incorrect administration of the medication may occur where the medication is to

be administered using an automated or semi-automated ad inistration device, such as an

infusion pump (e.g., including large volume infusion or syringe type pumps), if the

automated 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 medication in a manner that may not result in the prescribed

treatment. Furthermore, if the infusion pump is configured with certain operating limit

parameters, the operating limit parameters may reflect values that are generally considered

safe for a typical patient but that may be unsafe for the patient to whom the medication is

being delivered.

SUMMARY

[0007] According to one embodiment of the present disclosure, a system for use with

a medical device for reducing medication errors is provided. The system includes a

medical device that is configurable with operating limit parameters for providing

medication to a patient, and a limiting system. The limiting system includes a memory

that includes patient-specific information for the patient and a database includes

acceptable operating parameters for providing the medication to the patient using the

medical device, and a processor. The processor is configured to compare the acceptable

operating parameters with the patient-specific information, and provide a modification of

the operating limit parameters for providing the medication to the patient based on the

comparison of the acceptable operating parameters with the patient-specific information.

[0008] In certain aspects of the system, the medical device is configurable with

operating lim it parameters for providing a mixture includes a plurality of medications to a

patient, and the database includes acceptable operating parameters for providing the

mixture to the patient using the medical device. The patient-specific information can

include laboratory data for the patient. The laboratory data can include at least one of a

blood coagulation measure, a vitamin level, a platelet count value, a thromboplastin time,

or a serum level. The patient-specific information can include at least one of a medication

ordered for the patient, a time at which the medication is ordered for the patient, a

treatment plan for the patient, a medication resistance of the patient, a weight of the

patient, a height of the patient, a body surface area of the patient, an age of the patient, a

gender of the patient, or an ethnicity of the patient. In certain aspects of the system, the

processor being configured to compare the acceptable operating parameters with the

patient-specific information includes the processor comparing a first weight of the patient



provided to the medical device with a second weight of the patient provided to another

medical device. In certain aspects of the system, the processor being configured to

provide the modification of the operating limit parameters for providing the medication to

the patient includes the processor being configured to modify the operating limit

parameters based on a determination of the acceptable operating parameters for a person

having the patient's body surface area. The acceptable operating parameters can include a

plurality of rules indicating whether the patient-specific information includes a value that

is within or exceeds a threshold define by at least one of the plurality of rules. At least

one of the rules can indicate a maximum total amount of the medication to provide to the

patient over a period of time. The medical device can include an infusion pump. The

operating limit parameters can include at least one of a rate at which to provide the

medication, an amount of the medication to provide, and a length of time to provide the

medication. In certain aspects of the system, the processor being configured to provide

the modification of the operating limit parameters based on the patient-specific

information includes the processor being configured to define at least one of a maximum

value or minimum value for at least one operating limit parameter associated with

delivery of the medication to the patient based on the patient-specific information. In

certain aspects of the system, the processor being configured to provide the modification

of the operating limit parameters based on the patient-specific information includes the

processor being configured to define at least one of a pair of a soft maximum value that

can be exceeded and a hard maximum value that cannot be exceeded, and a soft

minimum value that can be exceeded and a hard minimum value that cannot be exceeded

for at least one operating limit parameter associated with delivery of the medication to the

patient based on the patient-specific information. The processor can further be configured

to provide a notification to the medical device indicating that the operating lim it

parameters for providing the medication to the patient have been modified based on the

patient-specific information. The processor can further be configured to rece ive an input

from a caregiver to override the mod ification of the operating limit parameters. The input

from the caregiver can include an indication why the caregiver overrode the modification

of the operating limit parameters. The processor can further be configured to record

when the caregiver overrides the modification of the operating limit parameters. The

processor can further be configured to receive configuration parameters for determining

whether to provide the notification to the medical device based on at least one of an



identity of a caregiver, identification of a location of the medical device, or an

institutional preference. The patient-specific information can be received from an

external data system in a native message format of the external data system and converted

into an internal messaging format configured for use with the limiting system.

[0009] According to another embodiment of the present disclosure, a method for use

with a medical device to reduce medication errors is provided. The method includes

receiving patient-specific information for a patient, and comparing the patient-specific

information with a database includes acceptable operating parameters for a medical

device. The method also inc ludes providing a modification of operating limit parameters

of the medical device for providing a medication to the patient based on the comparison

of the patient-specific information with the acceptable operating parameters.

[0010] In certain aspects of the method, the medical device is configurable with

operating limit parameters for providing a m ixture includes a plural ity of medications to a

patient, and the database includes acceptable operating parameters for providing the

mixture to the patient using the medical device. The patient-specific information can

include laboratory data for the patient. The laboratory data can include at least one of a

blood coagulation measure, a vitamin level, a platelet count value, a thromboplastin time,

or a plasma/serum concentration of medication, or other physiologic component, such as

electrolyte concentration. The patient-specific information can include at least one of a

medication ordered for the patient, a time at which the medication is ordered for the

patient, a treatment plan for the patient, a medication resistance of the patient, a weight of

the patient, a height of the patient, a body surface area of the patient, an age of the patient,

a gender of the patient, genetic makeup of the patient, or an ethn icity of the patient.

Comparing the acceptable operating parameters with the patient-specific information can

include comparing a first weight of the patient provided to the medical device with a

second weight of the patient provided to another medical device. Providing the

modification of the operating limit parameters for providing the medication to the patient

can include modifying the operating limit parameters based on a determination of the

acceptable operating parameters for a person having the patient's body surface area. The

acceptable operating parameters can include a plurality of rules indicating whether the

patient-specific information can include a value that is within or exceeds a threshold

define by at least one of the plurality of rules. At least one of the rules can indicate a



maximum total amount of the medication to provide to the patient over a period of time.

The medical device can include an infusion pump. The operating limit parameters can

include at least one of a rate at which to provide the medication, an amount of the

medication to provide, and a length of time to provide the medication. In certain aspects

of the method, providing the modification of the operating limit parameters based on the

patient-specific information can include defining at least one of a maximum value or

minimum value for at least one operating limit parameter associated with delivery of the

medication to the patient based on the patient-specific information. In certain aspects of

the method, providing the modification of the operating limit parameters based on the

patient-specific information can include defining at least one of a pair of a soft maximum

value that can be exceeded and a hard maximum value that cannot be exceeded, or a soft

minimum value that can be exceeded and a hard m inimum value that cannot be exceeded

for at least one operating limit parameter associated with delivery of the medication to the

patient based on the patient-specific information. In certain aspects of the method, the

method further includes providing a notification to the medical device indicating that the

operating limit parameters for providing the medication to the patient have been modified

based on the patient-specific information. The method can further include receiving an

input from a caregiver to override the modification of the operating lim it parameters. The

input from the caregiver can include an indication why the caregiver overrode the

modification of the operating limit parameters. The method can further include recording

when the caregiver overrides the modification of the operating lim it parameters. The

method can further include receiving configuration parameters for determining whether to

provide the notification to the medical device based on at least one of an identity of a

caregiver, identification of a location of the medical device, or an institutional preference.

The operating lim it parameters of the medical device can be modified by a limiting

system, and the patient-specific information can be received from an external data system

in a native message format of the external data system and converted into an internal

messaging format configured for use with the limiting system.

[0011] According to one embodiment of the present disclosure, a machine-readable

storage medium includes machine-readable instructions for causing a processor to execute

a method for use with a medical device to reduce medication errors is provided. The

method includes receiving patient-specific information for a patient, and comparing the



patient-specific information with a database includes acceptable operating parameters for

a medical device. The method also includes providing the modification of operating limit

parameters of the medical device for providing a medication to the patient based on the

comparison of the patient-specific information with the acceptable operating parameters.

[0012] It is understood that other configurations of the subject technology will become

readi ly apparent to those skilled in the art from the following detailed description,

wherein various configurations of the subject technology are shown and described by way

of illustration. As will be realized, the subject technology is capable of other and different

configurations and its several details are capable of modification in various other respects,

all without departing from the scope of the subject technology. Accordingly, the drawings

and detailed description are to be regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included to provide further

understanding and are incorporated in and constitute a part of this specification, illustrate

disclosed embodiments and together with the description serve to explain the principles of

the disclosed embodiments. In the drawings:

[0014] FIG. 1 is a block diagram and graphical representation of a care management

system for reducing the possibi lity of medication errors.

[0015] FIG. 2 is a block diagram illustrating an example control system, server, and

medical device from the architecture of FIG. 1 according to certain aspects of the

disclosure.

[0016] FIG. 3 is functional block diagram illustrating an example process for reducing

medication errors for a patient using a programmable medical device, such as an infusion

pump, and a control system, by referencing a guidelines database in view of information

specific to the patient.

[0017] FIG. 4 is a block diagram illustrating an example computer system with which

the control system, server, and medical device of FIG. 2 can be implemented.

DETAILED DESCRIPTION



[0018] In the fo lowing detailed description, numerous specific details are set forth to

provide a full understanding of the present disclosure. It will be apparent, however, to

one ordinarily skilled in the art that the embodiments of the present disclosure may be

practiced without some of these specific details. In other instances, well-known structures

and techniques have not been shown in detail so as not to obscure the disclosure.

[0019] The present disclosure provides a system that evaluates patient-specific data,

such as a patient's laboratory results or characteristics (e.g., height, weight, gender, body-

surface area, medical history), in order to determine operating limit parameters (or

"dynam ic guardrails") for a medical device such as an infusion pump. Incorporating

patient-specific laboratory results and other data provides a capability to notify a clinician

of scenarios to prevent potential clinical harm. Furthermore, incorporation of a patient's

laboratory results and other relevant patient data can assist clinicians in monitoring and

intervening in situations related to appropriate methods of intravenous drug

administration. The present disclosure also provides for verifying that the right treatment,

based on data specific to the right patient, has been given in the right manner, in the right

amount, and at the right time.

[0020] Several examples wil l now be presented regarding how the disclosed system

can assist clinicians in patient therapy. The disclosed system can, for example, notify a

clinician at a medical device that a patient's condition has changed (e.g. change in kidney

function and liver function or increasing white blood cell count) and automatically modify

(or present modifications to) the parameters, such as maximum and minimum infusion

lim its, for infusing a medication to the patient based on the changed condition for

verification by the clinician. The disclosed system can also, for example, automatically

modify infusion parameters if a patient enters a critical situation, such as a changing lab

value or other condition. The disclosed system can further, for example, modify the

parameters for infusing a medication to a patient if the medication being infused is not

associated with an active medication order for the patient. As another example, the

disclosed system can modify parameters for infusion of an antibiotic to a patient based on

when and how or when the antibiotic was previously infused to the patient. The disclosed

system can, for example, modify parameters for infusing an antibiotic if an organism

affecting the patient is known to be resistant to the antibiotic. As yet another example, the

disclosed system can modify parameters for infusing a medication to a patient if the



patient's record indicates the infusion should be discontinued. As another example, when

an active order does not exist for a patient associated with a medical device, the disclosed

system can send a message to the relevant clinician asking for an order or clarification,

such as where a clinician may have given a verbal order that has not been documented or

where an infusion may have been ordered to be discontinued but such order was missed.

[0021] Referring now to the drawings, FIG. 1 provides an example illustration of an

integrated healthcare facility-wide information and care management system 28 in

accordance with certain aspects of the present disclosure. Various subsystems of a

healthcare facility's information management system are connected together by way of a

facility communication system 30. The communication system 30 may include, for

example, any one or more of a personal area network (PAN), a local area network (LAN),

a campus area network (CAN), a metropol itan area network (MAN), a wide area network

(WAN), a broadband network (BBN), the Internet, and the like. Further, the

communication system 30 can include, but is not limited to, any one or more of the

following network topologies, including a bus network, a star network, a ring network, a

mesh network, a star-bus network, tree or hierarchical network, and the like. As shown in

FIG. 1, the communication system 30 connects through various interfaces 32 to a

healthcare facility information system 34, a pharmacy information system 36, a patient

information database 62, a physician order entry system 38, a medication guidel ines

database 60, and a control system 40 (or "limiting system").

[0022] The facility communication system 30 is not meant to be taken in a limited

sense. Such a faci lity communication system 30 may encompass an entire healthcare

facility or may be located only in a small area of the healthcare facility. It may also

include a communication system in a healthcare facility other than a hospital and may

have appl ication to an alternate care facility, such as a patient's home. Additionally, the

word caregiver is intended to be used in its broadest sense and is meant to include nurses,

physicians, health care specialists, and others who provide care to patients.

[0023] The control system 40 in accordance with an aspect of the present disclosure

may be, for example, a server or other computer having sufficient memory 42 and

processing capability to connect with the communication system 30 and configure a

medical device 80. The control system 40 includes operational software or other



instructions for carrying out various aspects of the present disclosure, as will be discussed

more ful ly below, enabling communications with other hardware or networks, and data

input and output and report generation and printing, among other functions. While the

control system 40 is shown as a separate piece of equipment, it will be understood that the

control system 40 and the associated memory 42 may also be incorporated into another

element, such as the medical device 80.

[0024] The communication system 30 may comprise, for example, a wired or wireless

Ethernet (IEEE 522.3) utilizing transmitters and receivers positioned throughout the

healthcare facility and/or attached to various computers, clinical devices and other

equipment used in the facility. In such a wireless system, the signals transmitted and

received by the system could be radio frequency ( F), infrared (IR), or other means

capable of carrying information in a wireless manner between devices having appropriate

transmitters or receivers may be used. It will be immediately understood by those skil led

in the art that such a system may be identical to the system set forth in FIG. 1, with the

exception that no wires are required to interconnect the various aspects of the system.

[0025] In a typical healthcare facility, patient rooms, wards, or areas are typical ly

situated in groups located near a nurse station 44, where the caregivers assigned to care

for the patients in the particular area carry out the administrative functions of their duties.

Typically, these functions include updating and monitoring the patients' charts,

preparation of and administering medication orders, and monitoring and recording any

other information deemed necessary by the facility for tracking. There is also usually a

room located adjacent the nurse station that is dedicated to storage and/or the preparation

of medications to be delivered to patients. This room may contain inventories of

commonly used oral, 1M, or IV medications. The room may also be used to formulate the

contents of infusion bags in accordance with prescribed treatment regimens.

[0026] The nurse station 44 will typically include a terminal or computer system 46

connected either directly or through an interface 48 to the communication system 30,

allowing users at the nurse station to enter and retrieve patient data or information from

other systems, such as the healthcare facility information system 34, the pharmacy

information system 36, the physician order entry system 38, or other systems used in the

facility. It should be understood that not all users will be provided with access rights to



each system. For example, physicians may be able to access the physician order entry

system 38 from the nurse station system 44 to enter, edit, or track medication orders, but a

caregiver may only be able to view such orders. Moreover, while the present disclosure is

described with reference to the computer system 46 being located at a nurse station 44, the

computer system 46 may also be a satellite system that is located anywhere in the care-

giving facil ity where it is convenient or efficient to do so. Such a satellite computer

system may be operably connected to the communication system 30 using either a wired

or wireless network connection. A printer 50 may also be connected to the nurse station

computer system 46 for printing reports, bar codes, labels, or other materials, and a bar

code reader 52 may be provided for reading bar codes on medication labels, reports, or

other items having bar coded labels provided for identification.

[0027] In a different embodiment where radio frequency identification (RFID) tags

are used with medications, patients, equipment, or in other ways, the nurse station 44 may

also include an interrogator or RFID reader (not shown) for use with the RFID tags.

[0028] In accordance with aspects of the present disclosure, a medication database

carrier (MDC) or medication guidelines database 60 stores information that is provided to

monitor medication parameters or other information used by a caregiver to program a

medication administration device 80 to deliver medication to a patient. Various types of

information may be stored in the memory of the medications g idelines database 60,

including data bases containing information about drug interactions and possible

contraindications and/or side-effects of medications, and established guidelines for the

administration of various medications. For example, the guidelines may include

institutionally-established guidel ines or limits on drug administration parameters, such as

dosage, frequency of administration, and other delivery related information such as, for

example, appropriate flow rates and infusion durations for programming infusion pumps.

Additionally, the guidel ines may encompass guidelines for providing drug administration

appropriate to a particular patient or to treatment areas having different sets of delivery

parameters for similar medications, such as medication administration directed to

geriatric, pediatric, and oncology patients. Guidelines may also be included that are

directed to particular therapy regimens, such as chemotherapy regimens or regimens for

treating chronic infection or pain. The term database as used herein will be understood by

those skilled in the art to be used as is commonly understood. That is, the term database



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 software or other form.

[0029] In one embodiment of the present disclosure, the medications guidelines

database 60 may be interfaced to the nurse station computer system 46 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 medications guidelines database

60 and the computer system 46. In this embodiment, use of the cradle allows information

to flow between the medications guidelines database 60 and the nurse computer system

46. This information may then be processed and stored on the computer system 46, or the

information may be communicated by the computer system 46 through the interface 48 to

various other facility information systems over the communication system 30. In this

manner, information from the pharmacy information system 30, for example, may be

communicated through the communication system 30, the nurse station 44 computer

system 46, and to the medications guidelines database 60. Similarly, information

contained within the medications guidelines database 60 may be communicated through

the nurse station computer system 46, the interface 48, and the communication system 30

to any of the interconnected systems 34, 36, 38, 40, or 62.

[0030] The medications guidelines database 60 may be stored on a device, such as a

server. The healthcare facility may also or alternatively have the medication guidelines

database 60 centrally located in the memory 42 of the control system 40. The medication

guidelines database 60 includes medication information and/or databases or libraries,

including institutionally generated guidelines for the delivery of medication to a patient,

as well as drug interaction information or information concerning possible drug side-

effects, and that is portable such that it can be carried by a caregiver to and from a

patient's bedside. The medications guidelines database 60 may also have a storage

capability and technology for interfacing w th a computer system or network so that

information may be communicated between the medications guidelines database 60 and

other devices, such as computers, medication administration devices, clinical devices such

as vital signs monitoring devices and the like.



[0031] A general concept embodied in the medications guidelines database 60 is to

provide medication administration parameters or other information that may be entered

into a medication administration device 80, such as an infusion pump

[0032] In accordance with aspects of the present disclosure, the control system 40 is

configured to obtain patient-specific information from the patient information database

62, medication information from the medication guidelines database 60, and device

information from the medical device 80. The patient information database 62 may itself

obtain and store patient-specific information retrieved from the physician order entry

system 38, the pharmacy information system 36, and the healthcare facility information

system 34. In certain aspects, information may be retrieved information from the medical

device 80 prior to actual medication administration, and the control system 40 can

evaluate the medication information from the medication guidelines database 60 in view

of the patient-specific information for the patient associated with the medical device 80 to

determine if parameters entered into the medical device 60 fall within institutionally

established guidelines for the administration of a particular medication. If the comparison

indicates that the parameters or information entered into the medication administration

device are appropriate in that they fall with in the established guidelines, then an

indication to that effect may be provided to the caregiver and the caregiver may then

begin medication adm inistration.

[0033] Alternatively, if the comparison indicates that one or more parameters or

information do not meet the established guidelines, a warning or alert may be provided to

the caregiver that one or more parameters or a portion of information has been incorrectly

entered into the medication administration device, and that corrective action or an

override is required before medication administration can begin. In another embodiment,

the medication administration device may be automatically inhibited from starting

administration of a medication unless it receives a signal from the control system 40 that

the comparison was favorable, thus providing a fail-safe against incorrect administration

of the medication.

[0034] For example, a patient's laboratory testing results indicate the patient has

reduced renal function. The prescribed medication for the patient, however, will further

reduce renal function in any patient, which, if the patient were to have normal renal



function, would still fall within institutionally established guidelines as defined by the

medication guidelines database 60. This specific patient, however, has reduced renal

function. Based on the identification of specific information of the patient regarding the

patient's reduced renal function, the control system 40 will display an alert at the medical

device 80 for providing the prescribed medication, and optionally restrict a caregiver from

administering the prescribed medication using the medical device 80.

[0035] In certain aspects, information may be retrieved information from the medical

device 80 after actual medication administration begins, and the control system 40 can

evaluate the medication information from the medication guidelines database 60 in view

of the patient-specific information for the patient associated with the medical device 80 to

determine if the parameters currently being used by the medical device 60 fall within

institutional ly established guidelines for the adm inistration of a particular medication.

For instance, the evaluation for a medication being administered may occur during

administration of the medication, such as whe doses are adjusted, for example, to

maintain blood pressure or heart rate or blood sugar levels. Errors may then be prevented

and advisories posted at any point during the medication administration, which may be

over 10 minutes, 10 hours, or even 0 days.

[0036] Institutionally established guidelines or more widely accepted protocols for the

administration of medications stored in the medication guidelines database 60 include, for

example, medication administration parameters or other information, such as bolus size,

maximum dose per hour, maximum continuous dose, volume to be infused, flow rate, and

maximum concentration. The medication guidel ines database 60 may have preestablished

values for infusion parameters that have been generated by the healthcare facility or

adopted by the facil ity. They may comprise the considered "best practices" of the facil ity

and may be updated from time to time. These preestabl ished values may contain "hard"

and "soft" limit values or dynamic guardrails on dosing parameters and other infusion

parameters. The facility may set a soft limit for a drug infusion parameter that is a value

not normally exceeded in the administration of this drug, but which may be exceeded in

exceptional circumstances. The facility may set a hard limit on a drug infusion parameter

that is a value not to be exceeded in this facility. Similarly, the facility may set a soft

limit value for a drug infusion parameter for doses that are below a normal range used by

the facility, and a hard limit on a drug infusion parameter that is a value below which a



dose may not be given in the facility. In such circumstances, a low or high dose alert may

be triggered to prevent potential underdosing or overdosing.

[0037] Once the infusion parameter values have been entered into the medical device

80 by the caregiver and those values have been communicated to the control system 40,

the control system 40 may then enter a verification stage in which it compares each of the

selected values against the medication guidelines database 60 and patient-specific

information from the patient information database 62 to verify that the entered infusion

values are within acceptable ranges. If a value contravenes a hard limit, the control

system 40 may generate an alarm at the control system 40 or the medical device 80 and

require a value change before operation of the medical device 80 can begin. If the

selected infusion parameter value contravenes a soft limit, the control system 40 may

require an acknowledgment from the caregiver that he or she understands that the value

entered is outside a soft limit and that this value is nevertheless to remain in force before

the medication administration can begin. In certain aspects, the control system 40 may

also require that the caregiver provide a reason for entering the value. If the

acknowledgment is obtained from the caregiver, the control system 40 may authorize the

administration of the medication by the medical device 80.

[0038] The control system 40 is capable of retrieving medication administration

parameters or information from a medication administration device 80, and storing data or

information concerning various transactions in its memory 42 representing the identity

and treatment regimens for medications given to a patient, as well as other information,

such as caregiver identity, equipment location, patient vital signs information, or any

other information sought to be recorded. The control system 40 may also store data or

information concerning primary or secondary validation of previous and/or duplicate

transactions of medical treatment information. The control system 40 may also provide,

for display, messages or other information to a caregiver, such as warnings or prompts to

enter data, related to medication administration. Moreover, information entry means of

the control system 40 may be used for manually entering information into the control

system 40 for storage in the memory 42 of the control system 40. In certain aspects, the

control system 40 may store information in memory 42 representing patient specific

treatments spanning multiple treatments or hospitalizations. For example, the control

system 40 may identify and track how much chemotherapy a patient receives in order to



prevent a maximum dosage of chemotherapy over a time period being exceeded. As

another example, the control system 40 may identify and track how much alcohol is

contained in a medication being provided to the patient in order to prevent a certain

amount of alcohol being exceeded for a patient having liver failure.

[0039] While specific examples of a control system 40 are set forth herein, it will be

understood that the control system 40 is meant to include any device that carries out the

basic concept of the disclosure. That is, a device that receives medication administration

or treatment information from a medication administration device, such as, for example,

but not limited to, an infusion pump or other instrument which performs similar

functions, receives information specific to one or many patients, and has a processor

capable of comparing the received information to institutionally established medication

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 caregiver before administration of a medication to a

patient is begun, will accomplish the aims of the present disclosure. A particularly

advantageous embodiment includes storing information about the medication

administration, such as the medication administration or treatment parameters, and/or

other information, such as the identity of the patient and caregiver, in the memory of the

medications guidelines database 60 until the medications guidelines database 60 re

establishes a communication connection with the control system 40, whereby the

information stored in the memory of the medications guidelines database 60 may be

communicated to the control system 40 and incorporated into one or more of an

institution's information databases. Similarly, information about the medication

administration, such as the medication administration or treatment parameters, and/or

other information, such as the identity of the patient and caregiver, may be stored in the

memory of the medical device 80 until, for example, the medical device 80 re-establishes

a communication connection with the control system 40. Updating the databases provides

a verification that the treatment has been rendered, thereby avoiding a duplicate treatment.

In this manner, the present disclosure "closes the loop" ensuring that the right medication

has been given in the right manner to the right patient through the rights route at the right

time.



[0040] It is not unusual at present to find patient stations 70 having a computer 72

located at patient bedsides in a healthcare facility. Such stations 70 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 computer 72. Examples of such devices are a bar code reader 74, a printer 76,

patient monitoring equipment (not shown) for monitoring patient vital signs, or other

patient-specific assets (e.g., medical devices) assigned to the patient. Other infusion or

drug delivery devices and/or patient monitoring equipment such as cardiac or respiratory

monitors may also comprise or form a part of the medical device.

[0041] 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 communication technology, the bedside equipment and clinical

dev ices may be connected to the bedside computer 72, or, alternatively, they may be

connected, either by wire or wireless system, to the facility communication system 30.

Wireless technology, such as RF, infrared (IR), or other wireless communication

protocols, may be used, and wired technology establishing a local area network (LAN),

Ethernet, or others may be used.

[0042] In accordance with an aspect of the present disclosure, the medical device 80

may include a communication device 82 used to provide communications between the

medical device and the control system 40. Various forms of such a communication

device may be used, such as wired or wireless communication.

[0043] One particular mode of operation of the present disclosure will now be

described. A patient entering a healthcare facility is provided with a wrist band, necklace,

ankle band, or other band, chain, or device designed to remain affixed to or embedded in

the patient during the patient's entire stay in the healthcare facility (the "patient ID"). The

patient ID is designed to remain affixed in a manner so that the patient can be identified

even if unconscious or otherwise unresponsive. The patient ID is used to identify specific

patient data, such as the patient's name and other information that the facility has

determined is important, such as age, allergies, or other vital information. The patient

identifying device may comprise a bar code, written information, or an electronic



information storage device, such as an RF transponder (e.g., RFID tag), that contains the

information, or other device affixed to the patient. In the case where the patient-

specification information may also include the patient's medication administration record

(MAR). This would allow for consistent documentation and also checks against drug

interaction in the medication guidelines database 60.

[0044] Such RFID tags, barcodes, and other technologies useful in identification, may

be applied to others and to other things in providing healthcare to patients. For example,

physicians, nurses, and other caregivers, as well as others who have access to patients and

facilities, may also have an RFID tag that can be read anywhere in the healthcare facility.

The medical fluid containers may contain RFID tags having information about the

contents of the container as well as the patient for whom they have been prepared, the

pharmacist who prepared them, and the physician who prescribed them. The infusion

pumps and other healthcare instruments and devices may have RFID tags useful for

inventory control. Even though the instruments may be connected to the healthcare

facility communication system 30, RFID tags can be useful for manual inventory purposes

as well as for other purposes. Their low cost make them attractive as a backup support

system.

[0045] After the patient is admitted and situated in a bed with in the facil ity, the

patient is typically evaluated by a physician and a course of treatment is prescribed. The

physician prescribes a course of treatment by preparing an order that may request a series

of laboratory tests or the administration of a particular medication to the patient. In some

case, the physician prepares the order by filling in a form or writing the order on a slip of

paper to be entered into the healthcare facility system for providing care. In other cases,

the physician may enter the medication order directly into a physician order entry system

38 (FIG. 1) or may instruct a nurse or other care-giving professional to do so. In yet

another case, the physician may use the Internet to forward and enter a prescription for the

patient into the pharmacy system. Depending on the arrangement at the healthcare facility,

the physician's order or prescription may directly reach a website for the pharmacy

information system 36 or may go to a website for the healthcare facility where it may then

be routed to the pharmacy information system 36.



[0046] Pharmacy information systems 36 may enable a safer physician medication

order process. The pharmacy information system 36 may provide the physician with a list

of available drugs from which the physician may select. The pharmacy information

system 36 may contain a drug library having the list of available drugs but may also

contain and present to the physician the drug names associated with recommended

dosages and dose limits that have been established or adopted by the healthcare facility. In

such a case where the physician need only select items from the computer screen rather

than having to manually type in drug names and drug administration numbers (such as

infusion rates, times, etc.) associated with administration of the medication, a more

accurate medication process should result.

[0047] If the order is for administration of a particular medication regimen, the order

will be transmitted to the facil ity's pharmacy information system 36. The pharmacy

reviews the order and prepares the medication according to the requirements of the

physician. Typically, the pharmacy packages the medication in a container, and a copy of

the order, or at a minimum the patient's name, the drug name, and the appropriate

treatment parameters are represented on a label or other device that is affixed to the drug

container. This information may be represented by a bar code, or it may be stored in a

smart label, such as a label having an embedded computer, or in a passive device such as

an RFID tag discussed above.

[0048] Once the order has been prepared, the order is sent to the nurse station 44 for

matching with the appropriate patient. Alternatively, if the medication is for a commonly

or routinely prescribed medication, the medication may be included in an inventory of

medications that is stored in a secure cabinet adjacent the nurse station 44. In such a case,

the nurse station 44 will receive a list of orders from the pharmacy information system 36

that may be drawn from the inventory adjacent the nurse station 44. The caregiver will

enter a unique identifier at the cabinet to gain access in accordance with standard practice.

The caregiver or other professional assigned the task of gathering medications will then

match the orders received from the pharmacy information system 60 to the medications

stored in the inventory and pull those medications that are to be delivered to specific

patients. These procedures are carried out whether the medication to be delivered is an

oral medication, or a medication that is to be delivered intramuscularly or through an

infusion.



[0049] When the prescribed time for delivery of the medication or medications

arrives, the medications are carried to the patient's area and administered to the patient by

the caregiver. In the case of drugs to be delivered via infusion, the caregiver hangs the

infusion bag and prepares the infusion line, attaches the bag to an infusion pump 80, and

sets up the infusion pump to deliver the medication by programming the pump with

values for various parameters that are used by the pump to control delivery of the

medication to the patient. When the medication delivery parameters are entered into the

pump, the pump communicates the entered parameters to the medications guidelines

database 60 where the parameters are compared by the control system 40 to institutionally

establ ished medication adm inistration guidelines stored in the medication guidelines

database 60 in view of patient-specific information from the patient information database

62. If the outcome of the comparison indicates that the entered parameters are within the

guidelines, a message is provided to the caregiver informing the caregiver that the entered

parameters are acceptable and that delivery of the medication may begin.

[0050] Alternatively, the infusion pump may include a fail-safe circuit or device that

prohibits initiation of infusion until the medical device 80 receives a signal from the

medications guidelines database 60 that the entered parameters are within the

institutionally establ ished or approved guidelines. Once such a signal is received by the

infusion pump, the pump may be started to del iver the medication. Where the comparison

is not favorable, such as where one or more parameters fall outside of the institutionally

establ ished or approved guidelines, a message to that effect is provided to the caregiver,

and the caregiver is prompted to correct the out-of-range parameter or parameters, or enter

an override. It will be understood by those skilled in the art that these procedures may be

embodied in a portable medications guidelines database 60 such as a PDA as described

above, or they may be embodied in an MDC that is integrated in or associated with a

particular medical device.

[0051] FIG. 2 is a block diagram 200 illustrating an example control system 40 (or

"limiting system"), medical device 80, and server 130 from the architecture of FIG. 1

according to certain aspects of the disclosure. The control system 40, the medical device

80, and the server 130 are connected over the network 30 via respective communications

modules 210, 156, and 38. The communications modules 210, 56, and 138 are

configured to interface with the network 30 to send and receive information, such as data,



requests, responses, and commands to other devices on the network. The

communications modules 2 10, 156, and 138 can be, for example, modems or Ethernet

cards and communicate over a wired or wireless connection.

[0052] The control system 40 includes a processor 2 12, the communications module

2 10, and a memory 42 that includes a control application 208 and a medication guidelines

database 60. The medication guidelines database includes acceptable operating

parameters for providing medication to a patient using the medical device 80. In certain

aspects, the acceptable operating parameters of the medication guidelines database 60

include a plurality of rules indicating whether the patient-specific information includes a

value (e.g., physiological data reading) that is within or exceeds a threshold define by at

least one of the rules. The rule can indicate, for example, a maximum or minimum total

amount of the medication to provide to the patient over a period of time. For example, if

a medication is provided solely based on an obese patient's weight, then the amount of the

medication given over a one hour period may significantly exceed known safety limits.

Accordingly, a limit may be placed on delivery of the medication based on a total amount

of medication delivered (as non-weight based) or the total amount delivered over a period

of time where the medication was programmed by the user as a weight based delivery.

This addresses the patent of increased safety during medication delivery when

programming an infusion as weight based medication and the limits for that medication

are established within the hospital dataset as both 1) weight based limits and 2) no n

weight based (not-to-exceed) limits. As such, the acceptable operating limit parameters in

the medication guidelines database 60 can be hard or soft limits/guardrails. The

acceptable operating limit parameters in the medication guidelines database 60 can

include a rate at which to provide the medication, an amount of the medication to provide,

and a length of time to provide the medication.

[0053] The medical device 80 is configurable with operating limit parameters for

infusion pump or ventilator. The medical device 80 includes an input device 2 16, such as

a keypad, for manual entry of operating parameters 234 (e.g., dosing limits), as well as a

display device 2 14, such as a monitor, for notifications and confirmation of entered

operating parameters 234.



[0054] The processor 2 2 of the control system 40 is configured to execute

instructions, such as instructions physically coded into the processor 2 12, instructions

received from software in memory 42, or a combination of both. For example, the

processor 212 of the control system 40 executes instructions to receive patient-specific

infomiation for a patient from a patient information database 62 stored in a memory 1 2

of a server 130. The patient-specific information can be received from an external data

system (e.g., server 130) in a native message format of the external data system, and the

processor 2 12 of the control system 40 can be configured to convert the patient-specific

information into an internal messaging format configured for use with the control system

40. The processor 2 12 can be configured to perform the conversion according to the

system and method of converting messages being sent between data systems using

different communication protocols and message structures described in U.S. Pat. App.

No. 13/42 1,776, entitled "Scalable Communication System," and filed on March 15,

20 12, the disclosure of which is hereby incorporated by reference in its entirety for a ll

purposes. The memory 42 of the control system 40 can include, for example, an interface

module for communicating with the server 130. The interface module can include

information on the communication protocol and data structure used by the server 130 and

is configured to both receive messages from and transmit messages to the server 130.

[0055] The processor 136 of the server 130 is configured to collect and store in the

patient information database 62 patient-specific information from the physician order

entry system 38, pharmacy information system 36, and healthcare facility information

system 34 over the network 30. In certain aspects, the patient information database 62

can be stored in the memory 42 of the control system 40. The patient-specific information

includes, for example, laboratory data for a patient. The laboratory data can include a

blood coagulation measure, a vitamin level, a platelet count value, a thromboplastin time,

or a serum level for a patient. The patient-specific information can also include a

medication ordered for the patient, a time at which the medication is ordered for the

patient, a treatment plan for the patient, a medication resistance of the patient, a weight of

the patient, a height of the patient, a body surface area of the patient, an age of the patient,

a gender of the patient, or an ethnicity of the patient.

[0056] The processor 212 of the control system 40 is configured to compare the

acceptable operating parameters in the medication guidelines database 60 with the patient-



specific information from the patient information database 62, and provide a modification

(e.g., by instructing a processor 43 of the medical device 80) the operating parameters

234 in the memory 234 of the medical device 80 for providing the medication to the

patient based on the comparison of the acceptable operating parameters with the patient-

specific information. The modified operating parameters 234 can be provided for display

on the display device 2 14 of the medical device 80, or can automatically be implemented

in the operating parameters 234 of the medical device 80.

[0057] The processor 2 12 can, for example, modify the operating parameters 234

based on the patient-specific information by defining at least one of a maximum value or

minimum value for at least one operating parameter 234 associated with delivery of the

medication to the patient based on the patient-specific information. The processor 2 12

can, for example, modify the operating parameters 234 based on the patient-specific

information by defining at least one of a pair of a soft maximum value that can be

exceeded and a hard maximum value that cannot be exceeded, or a soft minimum value

that can be exceeded and a hard minimum value that cannot be exceeded for at least one

operating parameter 234 associated with delivery of the medication to the patient based on

the patient-specific information from the patient information database 62.

(0058] Several examples of modifications made by the control system 40 to the

operating parameters 234 of the medical device 80 based on patient-specific information

and the medication guidelines database 60 wi l now be presented. In one example, if

information specific to a patient indicates the patient has two consecutive blood sugar

results greater than 180mg/dL within a 24 hour period, then the operating parameters 234

of the medical device 80 providing medication to the patient can be modified by the

control system 40 to reflect the patient suffering from hyperglycemia. As a further

example, if information specific to a patient indicates the patient has a blood sugar result

of less than 70 mg/dL, then the operating parameters 234 of the medical device 80

providing medication to the patient can be modified by the control system 40 to reflect the

patient suffering from hypoglycemia (e.g., to decrease an amount of insulin being

provided to the patient). As yet another example, if information specific to a patient

indicates the patient has a serum potassium result of less than or equal to 3.2, then the

operating parameters 234 of the medical device 80 providing medication to the patient can

be modified by the control system 40 to reflect the patient suffering from hypokalemia,



and optionally recommending an increase an amount of potassium being provided to the

patient. As another example, if information specific to a patient indicates the patient has a

serum potassium result of less than or equal to 3.5 while on digoxin or dofetilide, then the

operating parameters 234 of the medical device 80 providing medication to the patient can

be modified by the control system 40 to reflect the patient suffering from hypokalemia

while taking medications. As a further example, if information specific to a patient

indicates the patient has a serum potassium result of greater than or equal to 5.0 while on

angiotensin converting enzyme inhibitors, angiotensin receptor I blockers, potassium

sparing diuretics, potassium supplements, or aliskiren, then the operating parameters 234

of the medical device 80 providing medication to the patient can be modified by the

control system 40 to reflect the patient suffering from hyperkalemia while taking

medications. As another example, if information specific to a patient indicates the patient

has a serum calcium result of less than 8.6 mg/dL, then the operating parameters 234 of

the medical device 80 providing medication to the patient can be modified by the control

system 40 to reflect the patient suffering from hypocalcemia. As yet another example, if

information specific to a patient indicates the patient has a serum calcium result of greater

than 10.2 mg/dL, then the operating parameters 234 of the medical device 80 providing

medication to the patient can be modified by the control system 40 to reflect the patient

suffering from hypercalcemia. As a further example, if information specific to a patient

indicates the patient has a serum magnesium result of less than 1.5 mg/dL, then the

operating parameters 234 of the medical device 80 providing medication to the patient can

be modified by the control system 40 to reflect the patient suffering from

Hypomagnesemia.

[0059] As another example, if information specific to a patient indicates the patient

has a serum magnesium result of more than 2.4 mg/dL, then the operating parameters 234

of the medical device 80 providing medication to the patient can be modified by the

control system 40 to reflect the patient suffering from hypermagnesemia. As yet another

example, i information specific to a patient indicates the patient has a serum phosphate

result of less than 2.7 mg/dL, then the operating parameters 234 of the medical device 80

providing medication to the patient can be modified by the control system 40 to reflect the

patient suffering from hypophosphatemia. As a further example, if information specific

to a patient indicates the patient has a serum phosphate result of more 4.5 mg/dL, then the



operating parameters 234 of the medical device 80 providing medication to the patient can

be modified by the control system 40 to reflect the patient suffering from

hyperphosphatemia. As another example, if information specific to a patient indicates the

patient has a serum magnesium or serum phosphorus concentration above a threshold

value (e.g., set by a user), then the operating parameters 234 of the medical device 80

providing medication to the patient can be modified by the control system 40 to reflect the

patient suffering from high or low magnesium or high or low phosphorus.

[0060] In one example, if information specific to a patient indicates the patient has a

blood coagulation measure or " R" greater than 3.0, and Vitamin has been ordered for

the patient within 24 hours of the INR collected date and time, then the operating

parameters 234 of the medical device 80 providing medication to the patient can be

modified by the control system 40 to reflect high INR and Vitamin K for the patient. As

another example, if information specific to a patient indicates the patient has an INR

greater than 3 .5 within 72 hours of an order of Warfarin for the patient, then the operating

parameters 234 of the medical device 80 providing medication to the patient can be

modified by the control system 40 to reflect high INR and Warfarin for the patient. As

another example, if information specific to a patient indicates the patient has platelet

count less than 125,000/L, or that the patient's platelet count has fallen by more than 50%

while on (or within 14 hours after a discontinuation of) a certain medication, such as

unfractioned heparin, dalteparin, enoxaparin, tinzaparin, or glycoprotein inhibitors, then

the operating parameters 234 of the medical device 80 providing medication to the patient

can be modified by the control system 40 to reflect the patient suffering from

thrombocytopenia and a critical drop in a drug. As another example, if information

specific to a patient indicates the patient has not had a baseline platelet count within seven

days prior to the start of a scheduled dose of heparin, then the operating parameters 234 of

the medical device 80 providing medication to the patient can be modified by the control

system 40 to reflect not having a baseline platelet prior to starting heparin. As another

example, if information specific to a patient indicates the patient has not had a platelet

count performed within a certain number of hours once heparin has been active for four

days, then the operating parameters 234 of the medical device 80 providing medication to

the patient can be modified by the control system 40 to reflect no platelet count within the

certain number of hours and having taken heparin for four days.



[0061] In certain aspects where the medical device 80 is configurable with operating

parameters 234 for providing a mixture comprising at least two medications to a patient,

the medication guidelines database 60 includes acceptable operating parameters for

providing the mixture to the patient using the medical device. For example, if an

anesthetic agent (e.g., Bupivacaine) is mixed with an analgesic agent (Fentanyl) in a

single solution drug mixture cocktail, then the medication guidelines database 60 can

evaluate the concentration of the two agents and determine limits for dosing the drug

mixture cocktail based on the concentration of the two agents in the drug mixture

cocktail.

[0062] In certain aspects, the processor 2 12 of the control system 50 being configured

to compare the acceptable operating parameters from the medication guidelines database

60 with the patient-specific information from the patient information database 62 includes

the processor comparing a first weight (e.g., lean body weight or total body weight) of the

patient provided to the medical device 80 with a second weight (e.g., lean body weight or

total body weight) of the patient provided to another medical device. For example, on a

first channel, a patient s weight is based on lean body weight as 70 kilograms. On a

second channel, the patient's weight is based on a total body weight of 80 kilograms. In

other words, the control system 50 permits two medical devices 80 to accept different

weights of a patient for different medications. The system would further allow the

institution to establish an allowable percent or absolute value of variance between weights

used on the same patient. For example if the allowed variance is 10%, then all weights in

the system would have to be within 10% of one another. This would prevent patient

weight entry errors that can result in serious over or under dosing. This is covered in

Paragraph 0063 as well. Such functionality is particularly relevant for very obese patients

that may have a significant difference in their lean body weight and their total body

weight. Dosing a very obese patient that is based on total body weight can be

inappropriate.

[0063] As such, the control system 40 is configured to place guardrails based on a

patient's weight. Specifically, the control system 40 is configured to identify and

compare the weight that is entered on the first channel and the second channel. For

example, if an infusion is running on a pediatric patient of 10 kilograms on a first channel

and when a second channel is being prepared a default weight of 0 kilograms is entered



based on the first channel. The clinician accidentally enters " 10" kilograms as the

weight of the pediatric patient on the second channel, which may cause the pediatric

patient to receive about ten times the amount of the drug they would be prescribed simply

because of the clinician's error. The control system 40 can indicate, for example, that the

patient's weight being entered is out or differs by a certain percentage (e.g., 10%, 20%) or

by an absolute value, e.g., 5 pounds or kilograms set by a user or institution, and apply

either hard or soft limits to the medication being provided to the patient.

[0064] In certain aspects, the processor 212 of the control system 50 being configured

to modify the operating parameters 234 of the medical device 80 for providing the

medication to the patient includes the processor 212 being configured to modify the

operating parameters 234 based on a determination of the acceptable operating parameters

for a person having the patient's body surface area (e.g., determined using information

from the patient information database 62). Body surface area or actual surface area of the

patient can be a more accurate measure for dose modification by the control system 40 for

determining the operating parameters 234 as compared to a patient's weight. In certain

cases, a better therapeutic response can be obtained for a medication if the medication is

dosed based on a patient's body surface area as opposed to the patient's weight. For

example a lean patient weighing 350 lbs will have less body surface area than an obese

patient weighing 350 lbs. If body surface area were not considered, then both patients

would be given the same dose of a medication, which can be incorrect. If a medication is

provided to a patient based on the patient's weight, but the body surface area indicates

that the patient is being provided too much of the medication as determined by the control

system 40, then the control system 40 can modify the operating parameters 234

accordingly.

[0065] Similarly, in certain aspects, the processor 212 of the control system 50 being

configured to modify the operating parameters 234 of the medical device 80 for providing

the medication to the patient includes the processor 212 being configured to modify the

operating parameters 234 based on a determination of the acceptable operating parameters

for a person's weight. Patient weight can be an accurate measure for dose modification

by the control system 40 for determining the operating parameters. In certain cases, a

safer therapeutic response can be obtained for a medication if the medication does not

exceed the maximum total dose (e.g., "not-to-exceed") that is dosed based not a patient's



weight when the dose was programmed as a weight-based dose. For example if the

medication was ordered by the physician and the dose was based on the patients weight

and the maximum total dose (not-to-exceed) non-weight based limit was exceed an alert

will be displayed to the user telling them the weight based dose programmed exceeds the

hospital established database maximum (not-to-exceed) non-weight based limit. 350)

[0066] In certain aspects, the processor 21 of the control system 40 is configured to

provide a notification to the medical device 80 indicating that the operating parameters

234 for providing the medication to the patient have been modified based on the patient-

specific information from the patient information database 62. For example, the

processor 2 1 of the control system 40 can instruct the processor 154 of the medical

device 80 to display an alert with operating parameters 234 that have been modified by

the control system 40 based on patient-specific information and the medication guidelines

database 60. The display can be seen by a clinician near the medical device 80. In certain

aspects, the processor 2 12 is further configured to receive an input from a caregiver to

override the modification of the operating parameters 234. Thus, the caregiver can

override the modification provided by the control system 40 by using the input device 2 16

of the medical device 80. In addition to a confirmation to override the modified operating

parameters, the caregiver can also be required to provide a reason why the caregiver has

overrode the modification of the operating parameters 234. The processor is configured

to record when the caregiver overrides the modification of the operating parameters 234,

such as in the memory 42 of the control system 40.

[0067] In certain aspects where the processor 21 of the control system 40 is

configured to provide a notification to the medical device 80, the processor 2 12 is

configured to receive configuration parameters for determining whether to provide the

notification based on an identity of a caregiver, identification of a location of the medical

device, or an institutional preference. For example, the processor 2 12 can configure the

medical device 80 to require a confirmation step for operating parameters 234 thai exceed

high limit warnings (e.g., a maximum amount for a medication dose), but not for low

limit warnings (e.g., a minimum amount for the medication dose). As another example,

the processor 2 12 can configure the medical device 80 to require a confirmation step for

certain critical medications, or for a first time a medication is provided to a patient using



the medical device 80. The configuration for when to display an alert and for what

reasons can be set by an institution in which the medical device 80 is located.

[0068] As yet another example, the processor 2 12 can configure the medical device

80 to display alerts and/or require a confirmation step based on a care area in which the

medical device 80 is located or by the caregiver associated with the medical device. For

instance, in an operating room, the operating parameters 234 for providing a medication

are usually very different than the operating parameters 234 for providing a medication to

a patient in a pediatric ward. The operating parameters 234 of the medical device 80 can

be configured or otherwise modified by the control system 40 accordingly. As another

example, if a caregiver associated with a medical device 80 is highly trained with over 10

years of experience, then an alert may not be displayed to the caregiver as compared to

another caregiver with limited experience.

[0069] FIG. 3 is functional block diagram illustrating an example process for reducing

medication errors for a patient using a programmable medical device 80 and a control

system 40 by referencing a medication guidelines database 60 in view of information

specific to the patient. Beginning in step 110, a caregiver programs a medical device 80

with operating parameters 234 or other information necessary to deliver a particular

medication to a patient. Next, in step 112, a communication link between the medical

device 80 and the medications guidelines database 60 is established. In certain aspects,

the communication link between the medical device 80 and the medications guidelines

database 6 is established prior to the caregiver programming the medical device 80,

where for example the medical device 80 may initially be programmed (e.g., for caregiver

review and approval) by another system. The medical device 80 communicates the

operating parameters 234 or other information to the control system 40 in step 114. The

processor 2 12 of the control system 40 then compares the communicated operating

parameters 234 of the medical device 80 to institutionally established guidelines in the

medication guidelines database 60 in view of patient-specific information for the patient

received from the patient information database 62 of the server 130. In decision step 118,

a determination is made whether any of the operating parameters 234 of the medical

device 80 are out of range, that is, fall outside of the institutionally established guidelines

or limits of the medication guidelines database 60 in view of the patient-specific

information.



[0070] If it is determined that the operating parameters 234 of the medical device 80

are within range in view of the patient-specific information, then the process proceeds to

step 120 in which a confirmation message for the operating parameters 234 is sent to the

medical device 80. Upon receipt of this confirmation message, the medical device 80

unlocks and allows initiation of the medication delivery by the medical device 80. This

approach would have particular application to the hard and soft limits feature in the drug

library, as discussed above. Should a soft limit be contravened, an input to the medical

device 80 from the caregiver would be required before the control system 40 unlocks the

medical device 80. Should a hard lim it be contravened, the medical device 80 would not

be unlocked by the control system 40. Next, in step 122, medication delivery by the

medical device 80 is permitted to proceed.

[0071] If it is determined that any of the operating parameters 234 of the medical

device 80 are out of range in view of the patient-specific information, then an alert is

provided to the medical device 80 in step 124. The alert can be audible, visible, or both.

For example, messages such as "consistent" or "not inconsistent" may be provided thus

giving the caregiver further information upon which to base her decision as to using the

medical device 80. These latter messages may indicate that the parameters are

"consistent" with the healthcare facility guidelines stored in the control system 40. Next,

in step 126, modified operating parameters 234 determined by the control system 40

based on the medication guidelines database 60 in view of the patient specific information

from the patient information database 62 are provided to the medical device 80. If the

modified operating parameters 234 are accepted in decision step 128, the process

proceeds to step 120 described above. If the modified operating parameters 234 are not

accepted in decision step 128, the process proceeds to beginning step 10 described

above.

[0072] FIG. 4 is a block diagram illustrating an example computer system 400 with

which the control system 40, medical device 80, and server 30 of FIG. 2 can be

implemented. In certain aspects, the computer system 400 may be implemented using

hardware or a combination of software and hardware, either in a dedicated server, or

integrated into another entity, or distributed across multiple entities.



[0073] Computer system 400 (e.g., control system 40, medical device 80, and server

130) includes a bus 408 or other communication mechanism for communicating

infonnation, and a processor 402 (e.g., processor 212, 154, and 136) coupled with bus 408

for processing information. By way of example, the computer system 400 may be

implemented with one or more processors 402. Processor 402 may be a general-purpose

microprocessor, a microcontroller, a Digital Signal Processor (DSP), an Application

Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA), a

Programmable Logic Device (PLD), a controller, a state machine, gated logic, discrete

hardware components, or any other suitable entity that can perform calculations or other

manipulations of information.

[0074] Computer system 400 can include, in addition to hardware, code that creates

an execution environment for the computer program in question, e.g., code that

constitutes processor firmware, a protocol stack, a database management system, an

operating system, or a combination of one or more of them stored in an included memory

404 (e.g., memory 42, 152, and 132), such as a Random Access Memory (RAM), a flash

memory, a Read Only Memory (ROM), a Programmable Read-Only Memory (PROM),

an Erasable PROM (EPROM), registers, a hard disk, a removable disk, a CD-ROM, a

DVD, or any other suitable storage device, coupled to bus 408 for storing information and

instructions to be executed by processor 402. The processor 402 and the memory 404 can

be supplemented by, or incorporated in, special purpose logic circuitry.

[0075] The instructions may be stored in the memory 404 and implemented in one or

more computer program products, i.e., one or more modules of computer program

instructions encoded on a computer readable medium for execution by, or to control the

operation of, the computer system 400, and according to any method well known to those

of skill in the art, including, but not limited to, computer languages such as data-oriented

languages (e.g., SQL, dBase), system languages (e.g., C, Objective-C, C++, Assembly),

architectural languages (e.g., Java, .NET), and application languages (e.g., PHP, Ruby,

Perl, Python). Instructions may also be implemented in computer languages such as array

languages, aspect-oriented languages, assembly languages, authoring languages,

command line interface languages, compiled languages, concurrent languages, curly-

bracket languages, dataflow languages, data-structured languages, declarative languages,

esoteric languages, extension languages, fourth-generation languages, functional



languages, interactive mode languages, interpreted languages, iterative languages, list-

based languages, little languages, logic-based languages, machine languages, macro

languages, metaprogramming languages, multiparadigm languages, numerical analysis,

non-English-based languages, object-oriented class-based languages, object-oriented

prototype-based languages, off-side rule languages, procedural languages, reflective

languages, rule-based languages, scripting languages, stack-based languages, synchronous

languages, syntax handling languages, visual languages, wirth languages, embeddable

languages, and xml-based languages. Memory 404 may also be used for storing

temporary variable or other intermediate information during execution of instructions to

be executed by processor 402.

[0076] A computer program as discussed herein does not necessarily correspond to a

file in a file system. A program can be stored in a portion of a file that holds other

programs or data (e.g., one or more scripts stored in a markup language document), in a

single file dedicated to the program in question, or in multiple coordinated files (e.g., files

that store one or more modules, subprograms, or portions of code). A computer program

can be deployed to be executed on one computer or on multiple computers that are located

at one site or distributed across multiple sites and interconnected by a communication

network. The processes and logic flows described in this specification can be performed

by one or more programmable processors executing one or more computer programs to

perform functions by operating on input data and generating output.

[0077] Computer system 400 further includes a data storage device 406 such as a

magnetic disk or optical disk, coupled to bus 408 for storing information and instructions.

Computer system 400 may be coupled via input/output module 410 to various devices.

The input/output module 410 can be any input/output module. Example input/output

modules 4 10 include data ports such as USB ports. The input/output module 410 is

configured to connect to a communications module 4 12. Example communications

modules 412 (e.g., communications module 210, 156, and 138) include networking

interface cards, such as Ethernet cards and modems. In certain aspects, the input/output

module 410 is configured to connect to a plurality of devices, such as an input device 414

(e.g., input device 216) and/or an output device 416 (e.g., display device 214). Example

input devices 414 include a keyboard and a pointing device, e.g., a mouse or a trackball,

by which a user can provide input to the computer system 400. Other kinds of input



devices 414 can be used to provide for interaction with a user as well, such as a tactile

input device, visual input device, audio input device, or brain-computer interface device.

For example, feedback provided to the user can be any form of sensory feedback, e.g.,

visual feedback, auditory feedback, or tactile feedback; and input from the user can be

received in any form, including acoustic, speech, tactile, or brain wave input. Example

output devices 416 include display devices, such as a LED (light emitting diode), CRT

(cathode ray tube), or LCD (liquid crystal display) screen, for displaying information to

the user.

[0078] According to one aspect of the present disclosure, the control system 40,

medical device 80, and server 130 can be implemented using a computer system 400 in

response to processor 402 executing one or more sequences of one or more instructions

contained in memory 404. Such instructions may be read into memory 404 from another

machine-readable medium, such as data storage device 406. Execution of the sequences

of instructions contained in main memory 404 causes processor 402 to perform the

process steps described herein. One or more processors in a multi-processing

arrangement may also be employed to execute the sequences of instructions contained in

memory 404. In alternative aspects, hard-wired circuitry may be used in place of or in

combination with software instructions to implement various aspects of the present

disclosure. Thus, aspects of the present disclosure are not limited to any specific

combination of hardware circuitry and software.

[0079] Various aspects of the subject matter described in this specification can be

implemented in a computing system that includes a back end component, e.g., as a data

server, or that includes a middleware component, e.g., an application server, or that

includes a front end component, e.g., a client computer having a graphical user interface

or a Web browser through which a user can interact with an implementation of the subject

matter described in this specification, or any combination of one or more such back end,

middleware, or front end components. The components of the system can be

interconnected by any form or medium of digital data communication, e.g., a

communication network. The communication network (e.g., network 30) can include, for

example, any one or more of a personal area network (PAN), a local area network (LAN),

a campus area network (CAN), a metropolitan area network (MAN), a wide area network

(WAN), a broadband network (BBN), the Internet, and the like. Further, the



communication network can include, but is not limited to, for example, any one or more

of the following network topologies, including a bus network, a star network, a ring

network, a mesh network, a star-bus network, tree or hierarchical network, or the like.

The communications modules can be, for example, modems or Ethernet cards.

[0080] Computing system 400 can include clients and servers. A client and server are

generally remote from each other and typically interact through a communication

network. The relationship of client and server arises by virtue of computer programs

running on the respective computers and having a client-server relationship to each other.

Computer system 400 can be, for example, and without limitation, a desktop computer,

laptop computer, or tablet computer. Computer system 400 can also be embedded in

another device, for example, and without limitation, a mobile telephone, a personal digital

assistant (PDA), a mobile audio player, a Global Positioning System (GPS) receiver, a

video game console, and/or a television set top box.

[0081] The term "machine-readable storage medium" or "computer readable

medium" as used herein refers to any medium or media that participates in providing

instructions or data to processor 402 for execution. Such a medium may take many

forms, including, but not limited to, non-volatile media, volati le media, and transmission

media. Non-volatile media include, for example, optical disks, magnetic disks, or flash

memory, such as data storage device 406. Volatile media include dynamic memory, such

as memory 404. Transmission media include coaxial cables, copper wire, and fiber

optics, including the wires that comprise bus 408. Common forms of machine-readable

media include, for example, floppy disk, a flexible disk, hard disk, magnetic tape, any

other magnetic medium, a CD-ROM, DVD, any other optical medium, punch cards, paper

tape, any other physical medium with patterns of holes, a RAM, a PROM, an EPROM, a

FLASH EPROM, any other memory chip or cartridge, or any other medium from which a

computer can read. The machine-readable storage medium can be a machine-readable

storage device, a machine-readable storage substrate, a memory device, a composition of

matter effecting a machine-readable propagated signal, or a combination of one or more

of them.

[0082] As used herein, the phrase "at least one of preceding a series of items, with

the terms "and" or "or" to separate any of the items, modifies the list as a whole, rather



than each member of the list (i.e., each item). The phrase "at least one of does not

require selection of at least one item; rather, the phrase allows a meaning that includes at

least one of any one of the items, and/or at least one of any combination of the items,

and/or at least one of each of the items. By way of example, the phrases "at least one of

A, B, and C" or "at least one of A, B, or C" each refer to only A, only B, or only C; any

combination of A, B, and C; and/or at least one of each of A, B, and C.

[0083] Furthermore, to the extent that the term "include," "have," or the like is used

in the description or the claims, such term is intended to be inclusive in a manner similar

to the term "comprise" as "comprise" is interpreted when employed as a transitional word

in a claim.

[0084] A reference to an element in the singular is not intended to mean "one and

only one" unless specifically stated, but rather "one or more." The term "some" refers to

one or more. All structural and functional equivalents to the elements of the various

configurations described throughout this disclosure that are known or later come to be

known to those of ordinary skill in the art are expressly incorporated herein by reference

and intended to be encompassed by the subject technology. Moreover, nothing disclosed

herein is intended to be dedicated to the public regardless of whether such disclosure is

explicitly recited in the above description.

[0085] While this specification contains many specifics, these should not be construed

as limitations on the scope of what may be claimed, but rather as descriptions of particular

implementations of the subject matter. Certain features that are described in this

specification in the context of separate embodiments can also be implemented in

combination in a single embodiment. Conversely, various features that are described in

the context of a single embodiment can also be implemented in multiple embodiments

separately or in any suitable subcombination. Moreover, although features may be

described above as acting in certain combinations and even initial ly claimed as such, one

or more features from a claimed combination can in some cases be excised from the

combination, and the claimed combination may be directed to a subcombination or

variation of a subcombination.



[0086] Similarly, while operations are depicted in the drawings in a particular order,

this should not be understood as requiring that such operations be performed in the

particular order shown or in sequential order, or that all illustrated operations be

performed, to achieve desirable results. In certain circumstances, multitasking and paral lel

processing may be advantageous. Moreover, the separation of various system components

in the aspects described above should not be understood as requiring such separation in all

aspects, and it should be understood that the described program components and systems

can generally be integrated together in a single software product or packaged into multiple

software products.

[0087] The subject matter of this specification has been described in terms of

particular aspects, but other aspects can be implemented and are within the scope of the

following claims. For example, the actions recited in the claims can be performed in a

different order and still achieve desirable results. As one example, the processes depicted

in the accompanying figures do not necessarily require the particular order shown, or

sequential order, to achieve desirable results. In certain implementations, multitasking and

parallel processing may be advantageous. Other variations are within the scope of the

following claims.

[0088] These and other implementations are within the scope of the following claims.



WHAT IS CLAIMED IS:

1. A system for use with a medical device for reducing medication errors, the

system comprising:

a medical device that is configurable with operating limit parameters for

providing medication to a patient; and

a limiting system comprising:

a memory comprising patient-specific information for the patient

and a database comprising acceptable operating parameters for providing

the medication to the patient using the medical device;

a processor configured to:

compare the acceptable operating parameters with the

patient-specific information; and

provide a modification of the operating limit parameters for

providing the medication to the patient based on the comparison of

the acceptable operating parameters with the patient-specific

information.

2. The system of Claim 1, wherein the patient-specific information is

received over a network from a healthcare faci lity information system in a native message

format of the healthcare facility information system and converted into an internal

messaging format configured for use with the limiting system.

3. The system of Claim 1,

wherein the medical device is configurable with operating limit parameters

for providing a mixture comprising a plurality of medications to a patient, and

wherein the database comprises acceptable operating parameters for

providing the mixture to the patient using the medical device.

4. The system of Claim 1, wherein the patient-specific information comprises

laboratory data for the patient, the laboratory data comprising at least one of a blood

coagulation measure, a vitamin level, a platelet count value, a thromboplastin time, or a

serum level.

5 . The system of Claim 1, wherein the patient-specific information comprises



at least one of a medication ordered for the patient, a time at which the medication is

ordered for the patient, a treatment plan for the patient, a medication resistance of the

patient, a weight of the patient, a height of the patient, a body surface area of the patient,

an age of the patient, a gender of the patient, a genetic makeup of the patient, or an

ethnicity of the patient, and wherein the processor being configured to compare the

acceptable operating parameters with the patient-specific information comprises the

processor comparing a first weight of the patient provided to the medical device with a

second weight of the patient provided to another medical device.

6. The system of Claim 5, wherein the processor being configured to provide

the modification of the operating limit parameters for providing the medication to the

patient comprises the processor being configured to modify the operating limit parameters

based on a determination of the acceptable operating parameters for a person having the

patient's body surface area.

7. The system of Claim 1, wherein the acceptable operating parameters

comprise a plurality of rules indicating whether the patient-specific information comprises

a value that is within or exceeds a threshold define by at least one of the plurality of rules,

and wherein at least one of the rules indicates a maximum total amount of the medication

to provide to the patient, or a maximum total amount of the medication to provide to the

patient over a period of time.

8. The system of Claim 1, wherein the medical device comprises an infusion

pump.

9. The system of Claim , wherein the operating limit parameters comprise at

least one of a rate at which to provide the medication, an amount of the medication to

provide, and a length of time to provide the medication.

10. The system of Claim , wherein the processor being configured to provide

the modification of the operating limit parameters based on the patient-specific

information comprises the processor being configured to define at least one of a pair of a

soft maximum value that can be exceeded and a hard maximum value that cannot be

exceeded, or a soft minimum value that can be exceeded and a hard minimum value that

cannot be exceeded for at least one operating limit parameter associated with delivery of



the medication to the patient based on the patient-specific information.

11. The system of Claim 1, wherein the processor is further configured to

provide a notification to the medical device indicating that the operating limit parameters

for providing the medication to the patient have been modified based on the patient-

specific information.

12. The system of Claim 11, wherein the processor is further configured to

receive an input from a caregiver to override the modification of the operating limit

parameters.

13. The system of Claim 2, wherein the input from the caregiver comprises

an indication why the caregiver overrode the modification of the operating limit

parameters, and wherein the processor is further configured to record when the caregiver

overrides the modification of the operating limit parameters.

4. The system of Claim , wherein the processor is further configured to

receive configuration parameters for determining whether to provide the notification to

the medical device based on at least one of an identity of a caregiver, identification of a

location of the medical device, or an institutional preference.

15. The system of Claim , wherein the comparison of the acceptable

operating parameters with the patient-specific information is configured to occur before,

during, or after the medication is provided to the patient.

16. A method for use with a medical device to reduce medication errors, the

method comprising:

receiving patient-specific information for a patient;

comparing the patient-specific information with a database comprising

acceptable operating parameters for a medical device; and

providing a modification of operating limit parameters of the medical

device for providing a medication to the patient based on the comparison of the

patient-specific information with the acceptable operating parameters.

17. The method of Claim 6, wherein the operating limit parameters of the

medical device are modified by a limiting system, and wherein the patient-specific



information is received over a network from a healthcare facility information system in a

native message format of the healthcare facility information system and converted into an

internal messaging format configured for use with the limiting system.

18. The method of Claim 6,

wherein the medical device is configurable with operating limit parameters

for providing a mixture comprising a plurality of medications to a patient,

wherein the database comprises acceptable operating parameters for

providing the mixture to the patient using the medical device.

1 . The method of Claim 16, wherein the patient-specific information

comprises laboratory data for the patient, the laboratory data comprising at least one of a

blood coagulation measure, a vitamin level, a platelet count value, a thromboplastin time,

or a serum level.

20. The method of Claim 16, wherein the patient-specific information

comprises at least one of a medication ordered for the patient, a time at which the

medication is ordered for the patient, a treatment plan for the patient, a medication

resistance of the patient, a weight of the patient, a height of the patient, a body surface

area of the patient, an age of the patient, a gender of the patient, a genetic makeup of the

patient, or an ethnicity of the patient, and wherein comparing the acceptable operating

parameters with the patient-specific information comprises comparing a first weight of the

patient provided to the medical device with a second weight of the patient provided to

another medical device.

2 1. The method of Claim 20, wherein providing the modification of the

operating limit parameters for providing the medication to the patient comprises

modifying the operating limit parameters based on a determination of the acceptable

operating parameters for a person having the patient's body surface area.

22. The method of Claim 16, wherein the acceptable operating parameters

comprise a plurality of rules indicating whether the patient-specific information comprises

a value that is within or exceeds a threshold define by at least one of the plurality of rules,

and wherein at least one of the rules indicates a maximum total amount of the medication

to provide to the patient, or a maximum total amount of the medication to provide to the



patient over a period of time.

23. The method of Claim 16, wherein the medical device comprises an

infusion pump.

24. The method of Claim 16, wherein the operating limit parameters comprise

at least one of a rate at which to provide the medication, an amount of the medication to

provide, and a length of time to provide the medication.

25. The method of Claim 16, wherein providing the modification of the

operating limit parameters based on the patient-specific information comprises defining at

least one of a pair of a soft maximum value that can be exceeded and a hard maximum

value that cannot be exceeded, or a soft minimum value that can be exceeded and a hard

minimum value that cannot be exceeded for at least one operating limit parameter

associated with delivery of the medication to the patient based on the patient-specific

information.

26. The method of Claim 16, the method further comprising providing a

notification to the medical device indicating that the operating limit parameters for

providing the medication to the patient have been modified based on the patient-specific

information.

27. The method of Claim 26, the method further comprising receiving an input

from a caregiver to override the modification of the operating limit parameters.

28. The method of Claim 27, wherein the input from the caregiver comprises

an indication why the caregiver overrode the modification of the operating limit

parameters, and the method further comprising recording when the caregiver overrides the

modification of the operating limit parameters.

29. The method of Claim 26, the method further comprising receiving

configuration parameters for determining whether to provide the notification to the

medical device based on at least one of an identity of a caregiver, identification of a

location of the medical device, or an institutional preference.

30 . A machine-readable storage medium comprising machine-readable



instructions for causing a processor to execute a method for use with a medical device to

reduce medication errors, the method comprising:

receiving patient-specific information for a patient;

comparing the patient-specific information with a database comprising

acceptable operating parameters for a medical device; and

providing the modification of operating limit parameters of the medical

device for providing a medication to the patient based on the comparison of the

patient-specific information with the acceptable operating parameters.
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