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METHOD AND APPARATUS FOR
CONTROLLING AN INFUSION PUMP OR
THE LIKE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/426,553 filed Oct. 22, 1999 now U.S.
Pat. No. 7,216,802 which was entitled “Method And Appa-
ratus For Verifying Information”. In addition this is a continu-
ation-in-part of U.S. patent application Ser. No. 09/832,770
filed Apr. 11, 2001 entitled “Interactive Medication Con-
tainer”. Moreover this is a continuation-in-part of U.S. patent
application Ser. No. 09/833,258 filed Apr. 12, 2001 now U.S.
Pat. No. 7,061,831 and entitled “Product Labeling Method
And Apparatus”. Each of the above patents is incorporated by
reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

The field of the invention is medical information devices
and more specifically the field of device enhanced IV bags,
pumps and pump assemblies that cooperate to reduce the
potential for mis-medication and that substantially reduce
pump assembly clutter.

While the present invention is applicable to any of several
different IV type systems including syringe, bag, cartridge,
etc., in order to simplify this explanation prior art and the
present invention will be discussed in the context of a bag type
IV system. In addition, while any of several different hospital
personnel may be able to administer services and medications
to a patient within a hospital, to simplify this explanation the
term “physician” will be used to indicate any person that
renders services or medication within a facility unless indi-
cated otherwise. Moreover, the term “medicant” will be used
to refer generally to any type of liquid solution for delivering
substance to a patient via an infusion pump. Furthermore,
while the present invention may be used in conjunction with
infusion systems including a single pump unit, the invention
is particularly useful in cases where a system includes several
pump units and therefore the invention will be described in
that context unless indicated otherwise.

While there are several different ways to deliver drugs,
nutrients, etc., to a patient, one of the most widely adopted
delivery systems is the infusion pump system wherein drugs
or nutrients to be delivered to a patient are dissolved in a
liquid solution and stored in a container, typically a bag, that
is linked through an infusion pump unit to the patient’s blood
stream via an intravenous (IV) tube and a needle. Infusion
pump systems are advantageous because the amount of sub-
stance delivered to the patient over time can be regulated by
setting the concentration of the solution and/or setting the
pumping rate. To this end, typically an infusion pump unit is
equipped with some type of pump controller that can be
manually manipulated by a physician to modify substance
delivery rate and liquid volume.

Often more than one medicant must be delivered to a
patient at any given time. To accommodate simultaneous
delivery of a plurality of medicants, most facilities simply
provide a separate pump for each of the medicants. For
instance, where ten medicants are to be simultaneously deliv-
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ered to a single patient, ten separate pumps, [V lines and IV
bags are provided. In effect, the separate pump unit systems
are supplementable to accommodate whatever number of
medicants need to be delivered to the patient. To organize
several pump units and minimize the space required to
accommodate the pump units, often a shelving assembly is
provided that organizes the units in a vertical fashion (i.e., one
unit above another).

In the past the task of managing medicant infusion pro-
cesses was relatively simple as most patients were adminis-
tered only one or a two medicants at any given time. Recently,
however, medicant delivery management has been made
more difficult due to the large number of different medicants
now available. For instance, a patient with five symptoms
may now be administered five separate medicants, one medi-
cant to address each of the five separate symptoms. In addi-
tion, where five separate medicants are delivered, the medi-
cant volumes may have to be balanced so that a total medicant
volume does not exceed a maximum safe volume to be deliv-
ered to a particular patient. Also, prior to delivering specific
medicants, special protocols have to be performed. For
instance, an exemplary protocol may require that a patient’s
temperature be taken where the medicant can be delivered
only if the temperature is within a specific range. As another
example, some medicants should only be delivered on an
empty stomach and a physician should determine, prior to
delivery, the time since the patient’s most recent meal.

Moreover, where the total safe volume corresponds to a
patient’s size (i.e., weight, height, muscle mass, etc.), the total
safe volume may change over time so that the volumes of each
of'the medicants has to be adjusted over time. Furthermore, it
may be that a particular patient is allergic to specific medicant
“cocktails” (i.e., mixtures) such that medicant mixtures have
to be modified over time. Thus, during the course of a
patient’s stay at a medical facility, it is often that case that the
rate of medicant delivery and the medicants delivered must be
altered several times as a function of patient conditions.

To facilitate infusion pump setting and real time medicant
delivery rate and volume adjustments during a patient’s stay
at a facility, most infusion pump systems are provided with
some type of manual interface device that facilitates simple
infusion setting alterations. Because there are only a small
number of infusion settings, the interfaces may be relatively
minimal including a small display and a small number of
input keys (i.e., volume increase and decrease buttons, etc.).
Minimal interfaces are relatively inexpensive and therefore
expandable systems (i.e., systems that accommodate addi-
tional medicants by adding additional pump units) often
include a separate interface device attached to each one of the
pump units. For instance, if a system includes ten pump units,
the system would also include ten separate interface devices
for setting infusion parameters.

While expandable systems like those described above have
various advantages (e.g., system hardware can be expanded
and eliminated as desired), such expandable systems also
have several shortcomings. First, clearly, as with any system,
as more components are added to the system, the physical
components of the infusion pump system become more dif-
ficult to track and manage. For instance, distinguishing sys-
tem lines is important as pump unit settings have to be
adjusted as a function of the medicant linked to a particular
pump. In this regard, every time another pump unit and cor-
responding medicant bag are added to a system, an additional
1V line has to be added to the system to link the bag and the
corresponding pump.

While an additional line may not seem to cause much
confusion at first, as several lines are added to the system, the
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lines begin to resemble spaghetti (i.e., the lines all have a
similar appearance) and it becomes difficult to distinguish
one line from the others. The task of distinguishing lines is
exacerbated as most [V pump systems are simply located in
any available suitably sized space within a patient’s room and
often have to be moved to accommodate other medical equip-
ment. Thus, IV systems are often provided on wheeled
upright supports that can be moved about a patient within the
patient’s room. Such movement can cause a plurality of IV
lines to become entangled.

Similarly, because expandable systems typically include a
separate interface for each pump unit, the task of employing
the interfaces can be tedious. For instance, where there are a
large number of interfaces (e.g., 8-10) that are stacked on a
unit shelf, the lower interfaces may be difficult to observe. In
addition, because pump systems are often moved to accom-
modate other medical equipment, often the systems have to be
manipulated into observable orientations prior to using the
interfaces.

Second, in addition to problems associated with the physi-
cal components of expandable systems, such systems also can
lead to inadvertent mis-medication problems. For instance, as
indicated above, where several IV bags are linked to a patient
via several pump units and IV lines are crossed one or more
times, a physician could easily mistake one pump unit for
another and adjust or set an infusion setting for one medicant
meant for another.

Third, where several medicants are simultaneously deliv-
ered to a single patient even a simple process of modifying
medicant delivery rates can be complex. For instance, assume
that ten medicants are being delivered to a patient and that a
physician wishes to increase one of the medicant delivery
rates. In this case, to ensure that the total volume of medicant
delivered does not exceed the maximum safe volume, the
physician would have to manually examine each of the pump
unit interfaces to identify each medicant volume, add up the
volumes and then determine if the desired increase is accept-
able. In the event that the desired increase would increase the
total volume to a level above the maximum, if the physician
still wants to facilitate the increase, the physician has to
determine which of the other medicant delivery rates can be
decreased. Clearly this decision making and adjusting pro-
cess is arduous. A similar process would be required if an
additional medicant were to be added to the medicants being
administered to the patient.

Fourth, record keeping in the case of an expandable infu-
sion system can be difficult. To this end, to facilitate billing,
historical archiving and diagnostic and prescriptive needs,
virtually every modification to medicant delivery should be
recorded in detail including the rate change, the medicant for
which the rate was changed, the time at which the rate was
changed, etc. With conventional infusion systems all changes
have to be manually recorded in a patient’s bed side chart for
later transcription into an electronic filing database. Just as
simple modifications to delivery rates are tedious to facilitate,
so to are the records that indicate the modifications. For
instance, consider again the case where ten medicants are
administered to a patient and a physician intends to increase
one of the medicant delivery rates. If other medicant delivery
rates have to be altered to accommodate the increase in the
one medicant, the physician has to make the modifications to
other rates and then record each of the modifications.

U.S. Pat. No. 5,980,501 (the “’501 patent™) teaches one
infusion system wherein an electronic memory is provided on
a medication bag where medication information is stored on
the memory and can be obtained from the memory when an
information reader is placed adjacent the memory. The reader
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is linked to the bag adjacent the memory via a clip and is
linked to a controlling pump unit via a data cord to provide
medication information to the pump for regimen control pur-
poses.

While the concepts in the *501 patent address various prob-
lems with prior art including pump programming problems
that have lead to mis-medication in the past, the concepts in
the *501 patent have several shortcomings. First, by requiring
both a cord and an IV tube to be linked between each IV bag
and a corresponding pump unit, the number of connections
between IV bags and pump units is doubled. While additional
connections may not be confusing in cases where only a
single bag is linked to a patient, additional connections where
more complex configurations are employed increase the like-
lihood of confusing which bags are linked to which pump
units as [V lines and data cords often have similar appear-
ances and may cross each other several times between corre-
sponding bags and pump units.

For instance, assuming that four separate medicant bags
are to be linked to a patient A. It is possible that a physician
could link a single pump unit to a data cord corresponding to
a first medicant and to an IV tube corresponding to a second
medicant so that the information obtained from one of the
information devices would be used to control administration
of' some other medicant and vice versa. Clearly such an inad-
vertent mix-up would cause mis-medication.

As another instance, again assume that four separate medi-
cants are linked to a patient through a pump including seven
inlet ports and a single outlet port that links to the patient and
that a physician has manually adjusted settings for each of the
separate medicants via a pump interface where the manual
settings are different than the settings specified in the memory
devices. Also assume that three of the four medicants have to
be replaced. In this case, the physician has to trace the IV
tubes from each of the medicants to be replaced to the corre-
sponding pump units and disconnect the tubes from the cor-
responding pump unit inlet ports. After retrieving the replace-
ment medicant bags, the physician has to make sure that the
replacement bags are linked to the inlet ports from which the
corresponding empty bags were removed. This can be accom-
plished by observing the pump interfaces to determine which
units are associated with which medicants and then linking up
the tubes to the pump units. These tracing and confirmation
tasks are tedious at best and clearly could lead to configura-
tion and medicant delivery errors.

Second, the simple task of determining which of several
medicants is almost gone where several medicants are being
delivered through a pump assembly to a single patient is also
tedious. With the *501 patent system a physician has to either
manually place the IV bag that is low on medicant within the
physician’s line of sight and read the information there from
or has to trace the IV tube from the low medicant bag to the
corresponding pump unit and obtain the medicant informa-
tion there from. As known in the industry medicant bags are
typically relatively flimsy and are often hung on IV stands
such that medicant labels are not always easy to observe. As
indicated above, tracing tubes to pumps is difficult.

Third, the *501 patent fails to facilitate record keeping
tasks. To this end, while the *501 patent teaches a system for
downloading prescription information into a pump unit and
also teaches an interface for manually modifying infusion
settings, the *501 patent fails to teach any way of tracking and
recording manual delivery modifications.

Fourth, the 501 patent system does not overcome the
problems discussed above with respect to multiple interfaces
(i.e., a separate interface for each pump unit).



Case: 1:11-cv-06007 Document #: 1-5 Filed: 08/29/11 Page 37 of 64 PagelD #:117

US 7,933,780 B2

5

Fifth, while the *501 patent teaches that bag memories
should be disabled after a single use, the *501 patent fails to
recognize that the same information stored in a bag memory
may be included in a pump unit memory and could be used to
administer other medicants to a patient. For instance, assume
that a medicant A bag is empty and is to be removed from a
pump unit. After removing the empty bag, the pump unit
settings remain set in the pump unit. If another bag were
linked to the pump unit, the unit may use the current settings
to deliver medicant to the patient.

Sixth, the 501 patent system fails to teach correlation of a
medicant with a particular patient or prescription prior to
delivery. For instance, when a bag is linked to the *501 patent
pump, the pump simply obtains information from the bag and
adjusts pump settings as a function of the obtained informa-
tion. The *501 patent then begins medicant delivery according
to the settings without regard for whether or not the patient
linked to the pump is the patient for whom the medicant was
released from the pharmacy.

Seventh, the *501 patent system can inadvertently carry out
a stale medicant regimen either on the patient for which a
medicant was dispensed or on another patient. For instance, a
bag memory could be retrieved by the *501 patent system and
stored in a system memory prior to linking the medicant to a
patient A, the patient for whom the medicant was intended.
Several minutes later patient A could be moved within the
facility and a patient B could be placed in patient A’s position.
In this case, medicant A may be administered to patient B
inadvertently. While the *501 reference teaches including an
expiry date on each memory device, such an expiry date
would not overcome mis-medication like that described
above.

Other prior art references have addressed some of the
shortcomings of the 501 reference. For instance, with respect
to reducing confusion among several pump units and corre-
sponding IV lines, U.S. Pat. No. 5,713,856 (hereinafter “the
’856 patent) teaches a system including a single patient inter-
face unit and a plurality of linked functional units where each
functional unit may be a separate infusion pump unit. A
system operator uses the interface unit to set parameters for
each of the functional units. The functional units are inte-
grally mounted to the interface unit and receive instructions
there from regarding infusion rate, volume, etc.

The *856 patent system is advantageous as it requires only
one interface and a reduced number of TV lines and data cords.
Nevertheless, the *856 system still has some of the shortcom-
ings associated with the *501 patent and also has additional
short comings such as requiring either manual entry of medi-
cant information or a correlating process whereby medicant
in a bag is correlated with medication/prescription informa-
tion from a medication or patient record.

Other references teach systems where patient information
can be read by bar code readers and the like so that systems
can automatically determine if a medication is administrable
to a particular patient (i.e., determine if the patient is allergic
to a medication, determine patient blood type, etc.). These
systems, however, typically operate on a pre-delivery basis
(i.e., at a physician’s office or at a facility pharmacy) and not
as a function of patient conditions or circumstances at the
time of medication delivery. For instance a patient may be
allergic to a medicant combination including medicants A
and B. The patient’s allergy may not be noted in the patient’s
chart and therefore, even where the patient is currently being
administered medicant B, a physician may prescribe and
administer medicant A thereby causing an allergic reaction.
Even where the patient’s allergy is noted on the patient’s
chart, a physician may inadvertently fail to notice the allergy
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and prescribe medicant A despite current delivery of medi-
cant B. Similarly, even where a physician recognizes the
allergy, the physician may inadvertently or accidentally pre-
scribe medicant A despite current delivery of medicant B.
Thus, while existing systems can recognize various drug
combinations that should be avoided, often those systems are
not linked to an IV system and therefore cannot alert physi-
cians of potential mis-medication at the time of delivery.
Thus, there is a need for an IV system that enables simpler
interfacing and more specifically a system that facilitates
accurate prescription entry, verification that prescriptions are
suitable at the time of delivery, avoidance of delivery of stale
prescriptions, accurate and automatic delivery record keep-
ing, a simple IV linking and de-linking protocol and simpler
interfacing for monitoring and system setting modifications.

BRIEF SUMMARY OF THE INVENTION

This invention uses a patient wristband that can be machine
read (e.g. bar code or RFID tag) to identify patients, an
information device that is attached or adhered to an IV bag
(e.g. bar code or RFID tag) containing instructions regarding
the administration of the bag contents, and one or more IV
pumps with intelligent controllers. In some instances a phy-
sician data collector (e.g. electronic ID badge or PDA) can be
used to read information about a patient, from the wristband,
the IV bag, from the information device, and transfer it to the
IV pump. In some instances the data collector also reads
information (e.g. bar code or RFID tag) about the IV pump
and transfers it with the other information about the patient
and the IV bag to a centralized IV pump controller.

In one embodiment the IV pump is capable of reading the
information form the patient wristband and IV bag. When the
information from the IV bag includes a patient identifier for
whom is to receive the medication in the IV bag, the pump
compares this with the patient information from the wrist-
band. If the medication is not for this patient the IV pump can
present an alert or block operation. Preferably the time
between when the pump reads the wristband and the IV bag
information is limited to a short period of time (e.g. less that
3 minutes) to minimize the chance for errors. There are occa-
sions when the IV bag information will not include a patient
identifier (e.g. “floor stock™), in which case no comparison
can be made.

The IV bag information that is read by the pump can also
include prescribed dosing information (flow rate, duration,
volume to be delivered) which may include multiple settings
for use over a separate intervals of time. The pump uses the
dosing information to automatically set its operation. The
physician need only press a start button to activate the pump.
When the dosing information only includes an acceptable
range of operation, but not a specific dose, the physician can
set the pump to operate at flow rate. The pump can compare
the entered flow rate with the acceptable range. When the
range is not within the acceptable range the pump can alert the
physician to this error. This can also be done when there is a
specific pump dose specified, but the physician is required to
enter it manually.

In some cases a medication in an IV bag is to be adminis-
tered based on the patient’s weight. The pump can obtain the
weight directly from the patient’s wristband and use this to set
the flow rate of the pump.

When a pump is capable of pumping from more than one
IV bag or line at a time, each IV bag (when specifying a
patient identifier) must be for the same patient.

When a medication is to be administered via an unusual
route (e.g. not intravenously) the pump can provide a prompt
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to the physician asking them to confirm that the correct route
has been used. This is especially useful to determine that a
medication for epidural use is not given intravenously.

When a pump is started without reading a patient wristband
and/or the IV bag information device the pump can present an
alert of a possible error.

When the last line attached to a IV pump is removed from
the pump, the pump can erase any information it has previ-
ously stored about the patient, making the pump available for
use on a new patient.

When the IV pump is turned off any information about. The
previous patient and setting are erased. When the pump is
turned on again it can check to see if an IV line is already
placed in it or attached to it. An alert can be presented to the
physician immediately, indicating to him that the pump has
not been properly set up for this IV bag.

In some cases it is preferable for the physician to use an
electronic badge (or PDA) as a data collector to read the
patient wristband and the information device on the IV bag.
Now the badge can compare and determine if the [V bag was
dispensed for this patient. The badge then transfers the col-
lected information to the IV pump to set its operation. The
badge also determine the collection of information and the
transfer of it to the pump all occurs within a time limit (e.g. 3
minutes).

Another embodiment of the invention uses a centralized
pump controller (e.g. a laptop or tablet computer) providing
the physician with a larger display for user interaction than
normally available on an IV pump. The controller is able to
program and monitor the performance of several pumps, giv-
ing the worker a single tool to control and review the opera-
tion of all the pumps administering IV medication to a patient.

In one use of the controller, the badge records information
from the wristband, the IV bag information device, and in
some cases an identifier placed on the IV pump (or a pump
module when the pump can be used with more than one line).
All of'this information is transferred to the controller (e.g. via
wireless communication). The controller determines if the
patient the IV bag is was dispensed for corresponds to the
same patient that the controller was previously sent. IF there
is a mismatch an error is indicated and the controller will not
interact with the specified pump. When there is a match or the
controller was not previously in communication with an IV
pump, the controller establishes communication with the IV
pump using the pump identifier, which can be an RF address
or frequency. Once in communication with the pump the
controller determines if it is already running (manually
started) and if the flow rate corresponds to that specified by
the information device on the IV bag. If not or not within an
acceptable range the controller presents an error. When the
pump is not operating the controller transfers to the pump the
dosing information received from the information device on
the IV bag.

Generally when the controller is used to address the pump
based on a selection made by the physician, the controller
instructs the pump to activate a visual indicator (e.g. LED or
use the pump display to present an easily noticed message). In
this manner the physician can clearly see which pump he is
interacting with via the controller. When the physician dis-
continues an IV medication bag, the pump can continue to
activate the visual indicator until the IV line associated with
that bag is removed for the pump. If the bag is not removed
within a time limit an error is presented.

When an IV bag that has not been associated with a specific
patient is used the controller can use a healthcare facility

20

25

30

35

40

45

50

55

60

65

8

network to query a database to determine if the medication in
the bag has been prescribed for the patient, if not an error is
indicated.

The controller records every manual modification to the
operation of a pump providing an automated charting pro-
gram. When a change is detected the controller can be used to
present an alert if the physician does not identify himself to
the controller within a time limit (e.g. 4 minutes). This pro-
cess ensures that each change is recorded and attributed to a
specific physician.

It should be understood that many aspects of the invention
can be applied to other healthcare devices that are use in
providing therapy to a patient, such as a ventilator, anesthesia
machine, or balloon pump.

These and other objects, advantages and aspects of the
invention will become apparent from the following descrip-
tion. In the description, reference is made to the accompany-
ing drawings which form a part hereof, and in which there is
shown a preferred embodiment of the invention. Such
embodiment does not necessarily represent the full scope of
the invention and reference is made therefore, to the claims
herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a perspective view of an identification device for
a patient;

FIG. 2 is a schematic illustrating an exemplary memory
contents of the device of FIG. 1;

FIG. 3 is a perspective view of physician identifying
device;

FIG. 4 is a schematic diagram of an exemplary memory
content of the device of FIG. 3;

FIG. 5 is a perspective view of a medicant bag including an
information tag according to one aspect of the present inven-
tion;

FIG. 6 is a schematic view of an exemplary memory con-
tent of the tag of FIG. 5;

FIG. 7 is a schematic of one embodiment of the tag of FI1G.
5;

FIG. 8 is a perspective view of an electronic tag to be used
with a bag like the bag in FIG. 5;

FIG. 9 is a schematic diagram illustrating various compo-
nents of the device in FIG. 8;

FIG. 10 is a plan view of yet another inventive tag embodi-
ment;

FIG. 11 is a perspective view of the tag of FIG. 10 folded
into a useable configuration;

FIG. 12 is a schematic diagram of the circuit components
of FI1G. 10;

FIG. 13 is a plan view of another inventive tag embodi-
ment;

FIG. 14 is a perspective view of the tag of FIG. 13 folded
into a useable configuration;

FIG. 15 is a schematic plan view of yet another tag embodi-
ment that may be used with the bag of FIG. 5;

FIG. 16 is a perspective view of an [V pump assembly;

FIG. 17 is a schematic view of several of the components
included in the pump of FIG. 16;

FIG. 18 is an exemplary memory content of the memory of
FIG. 17,

FIG. 19 is a cross-sectional view of one of the lines and data
buses of FI1G. 16;

FIG. 20 is a cross-sectional view of another embodiment of
a combined IV line and data bus assembly;
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FIG. 21 is a plan view of a connector configuration used to
connect two lines that are similar to the line illustrated in FIG.
19;

FIG. 22 is a cross-sectional view of another line embodi-
ment;

FIG. 23 is a cross-sectional view of another line embodi-
ment;

FIG. 24 is a cross-sectional view of a connector configu-
ration used with the line similar to the line illustrated in FIG.
23;

FIG. 25 is aperspective view of an end of the line illustrated
in FIG. 24;

FIG. 26 is a schematic view of an [V system according to
one embodiment of the present invention;

FIG. 26A is a schematic diagram of the components of the
controller in FIG. 26;

FIG. 27 is an exemplary screen shot that may be provided
via the display in FIG. 26;

FIG. 28 is similar to FIG. 27, albeit of a second screen shot;

FIG. 29 is similar to FIG. 27, albeit of a third screen shot;

FIG. 30 is a cross-sectional schematic view of a line
according to another aspect of the present invention;

FIG. 31 is a schematic view of an order verification system
according to the present invention;

FIG. 32 is a schematic view of another pump embodiment
according to the present invention;

FIG. 33 is a schematic view of yet another pump embodi-
ment according to the present invention;

FIG. 34 is a schematic view of various components of the
pump assembly of FIG. 33;

FIG. 35 is a flow chart illustrating one inventive method;

FIG. 36 is a schematic diagram illustrating data stored in a
controller memory;

FIGS. 37-43 are additional flow charts according to the
present invention;

FIGS. 44-46 are exemplary screen shots according to one
embodiment of the present invention;

FIG. 47 is a schematic diagram of an IV bag and syringe
assembly useable with the present invention; and

FIG. 48 is yet one more flow chart consistent with the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings wherein like reference char-
acters and symbols correspond to similar elements through-
out the several views, the present invention will be described
in the context of several exemplary systems for use in deliv-
ering medication to a patient 12 (see FIG. 26).

Generally, the systems used to describe the present inven-
tion are integrated systems wherein some type of controller is
capable of obtaining information from several of the other
system components and then using the information to provide
valuable data to a system user and to enable unified control of
medicant delivery to a patient. To this end, among other
things, a controller may obtain medicant and prescription
information from each of several different IV bags and use
that information to automatically set pump operating param-
eters for specific pump units linked to the bags. In addition, a
controller may collect information from a patient identifica-
tion device and compare patient specific information with
medicant information from bags to determine if mendicants
in the bags are to be delivered to the patient. All of these
processes are automated and require only minimal physician
intervention and data processing so that most sources of
human error are eliminated from the IV medicating and moni-
toring process. In addition, confirmation and communication
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protocols facilitate many of the inventive methods in a wire-
less or networked environment which reduces the number of
hardware connections required to implement the inventions
and thereby renders [V systems much more user friendly.

Hereinafter various electronic devices will be described
separately and then various systems including the separate
devices will be described and methods that are facilitated via
the systems will be described. It should be appreciated that
there are many different aspects described herein and that,
unless clearly indicated as being necessary, none of the spe-
cific aspects are required but rather the various aspects may be
combined in any of several different combinations to result in
an inventive combination. It should also be noted that while
devices are described as having certain components, many of
the components and their functions may be provided via any
of several commercially available processors programmed to
perform the functions.

A. Patient Identification Device

Referring now to FIG. 1, a patient identification device 10
is illustrated. While device 10 is illustrated as being a patient
1D device, the form of device 10 is not particularly important
for the purposes of the present invention and therefore any
type of patient mounted device 10 or device that can be
uniquely associated with patient 12 is contemplated. Refer-
ring also to FIG. 26, device 10 is attached to a limb of patient
12 and therefore is physically associated with patient 12.

Device 10 includes a processor and memory that are dis-
posed within a housing 14. For a better understanding of the
components and construction of an exemplary device 10 see
U.S. Pat. No. 5,883,576 which issued to De LLa Huerga on
Mar. 16, 1999 and which is entitled Identification Bracelet
With Electronic Information and which is incorporated herein
by reference. Although not separately illustrated, because the
processor and memory are located within housing 14 and are
linked together, hereinafter the numeral 14 will be used to
refer to the device 10 processor and memory combined.
Device 10 also includes a communication device 16 and an
interface device 18. Processor 14 is linked to each of the
communication device 16, the memory and the interface
device 18.

Referring also to FIG. 2, the device 10 memory includes a
memory content 20 that includes a list of information 21 that
is typically specific to the patient 12 that is wearing device 10.
To this end, exemplary information includes a patient identi-
fication number 22, the patient’s name 23, a list of medica-
tions to which patient 12 is allergic (or genomically incom-
patible with the patient) 24, identification of an admitting
physician 25, the patients blood type 26, and the patient’s
height, weight and body surface area 27, 28 and 29, respec-
tively. Other information (e.g., patient records, etc.) is con-
templated but has not been included in FIG. 2 in the interest of
simplifying this explanation.

In the illustrated embodiment, the memory is electronic
and communication device 16 is an RFID tag that is capable
of transmitting at least a subset of the information stored in
the memory and, in at least some embodiments is capable of
receiving information for storage in the device memory from
other system devices or at least receiving an activation signal
indicating that device 10 should transmit memory informa-
tion.

Interface 18 is illustrated as being a small screen but could
take any of several other forms including one or more LEDs
to indicate device status visually, one or more buttons acti-
vatable to provide information to processor 14 and/or an
audible indicator such as small speaker or beeper device. In
other embodiments device 18 may simply provide informa-
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tion passively. For instance, static devices 18 may include a
bar code or some other machine recognizable optical charac-
ters.

Hereinafter, in the interest of simplifying this explanation,
while communication device 16 may take any of several
different forms and may be powered in any of several difter-
ent ways either internally or externally, it will be assumed that
device 10 is an externally powered RFID device and, to that
end, device 16 is an RFID antenna linked to the device pro-
cessor. In this regard, device 16 receives power when placed
in a magnetic field having a specific frequency and provides
that power to the processor. Similarly, the excited processor
provides signals to the device 10 which are transmitted to an
external reading device as described in more detail below.

Nevertheless, it should be appreciated that device 10 may
take any of several other forms including an internally pow-
ered RFID device that includes a battery, a passive bar code or
dot matrix device, an optical device, an electronic device
capable of infrared communication, etc. In any embodiment
the memory component of the device 10 should be capable of
storing information like the information in FIG. 2 in a
machine/processor obtainable format.

B. Physician Identification

Referring now to FIGS. 3 and 4, to identify each physician
working at a facility, each physician wears or carries a phy-
sician identification device 40 that stores information or
memory contents 60 in a machine obtainable format. Illus-
trated device 40 is an identification badge including, among
other things, a communication device 42, an activation button
44, an audible indicator (e.g., speaker) 45, a visual indicator
(e.g., LED) 46 and processor and memory (not illustrated)
that reside within a badge housing 48. Once again, the badge
processor and memory are linked together and both reside
within housing 48 and the processor and memory combined
will be referred to herein by numeral 48. Also, while not
illustrated, it is assumed that device 40, includes a battery.

Referring to FIG. 4, exemplary memory contents 60
includes a list of information corresponding to the physician
wearing badge 40 and, in some embodiments, may tempo-
rarily include additional information related to medicant
administration and a particular patient. The physician infor-
mation includes administering physician information 61 such
as physician responsibilities/title 62, identification number
62, name 64, and a list of patients under care of the physician
65.List 61 may include additional data elements or fewer than
shown.

With respect to medicant administration and patient infor-
mation, it is contemplated that device 40 may be used in
several different ways. For instance, device 40 may simply be
used to identify a wearing physician in which case medicant
administration information would not be stored on device 40.
As another example, in addition to being used to identify a
physician, device 40 may also be used to transfer information
(e.g., medicant administration information, patient informa-
tion, etc.) among other system devices such as bracelet 10, [V
bag tags described below, controllers and IV pumps. In this
case, device 40 is programmed to obtain (e.g., read or receive)
information from other devices, store the obtained informa-
tion and transmit the information via communication device
42. As yet one other example, device 40 may also be able to
perform various portions of inventive protocols such as com-
paring medicant and patient information to determine if a
particular medicant should be delivered to the patient and
then controlling operation or setting operating parameters of
an [V pump as a function of the comparison. These and other
functions of device 40 are explained in more detail below.
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Referring still to FIGS. 3 and 4, exemplary medicant and
patient information includes patient information 21 (see also
21 in FIG. 2), date and time (collectively referred to as a
“time” in some parts of this specification) patient information
is obtained 68, date and time information is obtained from an
IV bag memory device 69, information received from an IV
memory 220, target patient information 222 indicating a
patient for which an IV bag has been provided, physician
information 226 indicating at least one physician that is
authorized to administer a medicant, dispensed IV medicant
information 230, a medication report component 250, a date
and time at which device 40 receives a pump identification
number 251 and a pump identification number 130. Many of
these information segments are described in more detail
below.

Referring also to FIGS. 1 and 2, physician identification
device 40 can use communication device 42 to obtain a por-
tion or all of memory content 20 from device 10 and transfer
the obtained information to memory 48 to be stored as part of
memory content 60. Obtaining information from patient
identification device 10 can be initiated by pressing button 44
on badge 40 at which point device 40 transmits a query signal
to device 10 causing device 10 to transmit required informa-
tion.

In some embodiments the date and time 68 (see contents
60) at which patient information is obtained may be provided
by a real time clock (not separately illustrated) included
within processor 48 and may be recorded in memory contents
60. To this end, when patient information 21 is obtained via
device 42, the clock can indicate the date and time 68 to be
stored with the received patient information 21.

As in the case of patient identification device 10, physician
device 40 may take any of several different forms including
the self powered RFID device 40 described above, an exter-
nally powered RFID device, a passive bar code or dot matrix,
an optical device, an electronic device that communicates via
IR, etc. Obviously, in the case of some passive devices (e.g.,
a bar code device), some of the functionality that is possible
with an active processor based device cannot be facilitated.

C. IV Devices

Referring now to FIG. 5, an exemplary bag 140 for use with
the present invention includes, among other things, a conven-
tional information label 146, some type of information
memory tag 200, an aperture 139 in an upward extension 141
for linking the bag 140 to a bag support and outlet ports 143
and 145 for linking the bag 140 to IV pump units for medicant
delivery. Label 146 includes printed human readable indicia
that can be used to identify the content of bag 140 in a
conventional manner.

In one aspect the present invention contemplates some type
of label or tag 200 that can be mounted to IV bag 140 and
which can be used to obtain information about the medicant in
the bag in an automated fashion. To this end, tag 200 may
include a transmitter and a power source for transmitting
information stored electronically in a memory. Transmitting
labels may include RF devices, IR devices, etc. Another alter-
native is to provide a passive tag such as a bar code, dot
matrix, optical or resistive indicator, etc. Exemplary label
devices or tags are described in more detail below. Generally,
by providing medicant prescription and infusion instruction
(e.g., pump unit parameter settings) on a tag 200 and a system
for automatically obtaining that information, verifying and
setting infusion parameters, many typical infusion errors can
be avoided.

Referring still to FIG. 5, tag 200 is a label device that is
either formed within bag 140 (e.g., molded within the bag
wall) or, as illustrated, is mounted via glue or in some other
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suitable fashion (e.g., band, etc.) to an external surface of' bag
140. Tag 200 forms an external surface 211 on which medi-
cant information specific to a particular prescription can be
provided including one or more of an intended recipient’s
name, dose and volume specification, the prescribing physi-
cian, qualifications regarding physicians that may administer
the medicant, instructions regarding delivery of the medicant,
etc.

Tag 200 includes a memory device (generally 201 in the
Figs.) from which information regarding the medicant within
bag 140 can automatically be obtained. Referring now to FI1G.
6, an exemplary memory contents 220 that may be stored in
memory 201 is illustrated. While contents 220 includes sev-
eral information types, it should be appreciated that a subset
of contents 220 may be provided in memory 201 or other
information in addition to contents 220 may be provided in
memory 201 depending on how the tag information is
employed.

Exemplary contents 220 includes selected patient informa-
tion 222 including an identification number 223 and name
224 for a patient for which the medicant in the bag has been
dispensed, predetermined physician information 226 includ-
ing responsibilities or characteristics of a physician allowed
to administer medicant 227, ID numbers of physicians
allowed to administer medicant 228 and names of physicians
allowed to administer medicant 229, dispensed IV medica-
tion information 230 including date of medicant delivery 232,
identification of physician that dispensed the medicant 233,
type and quantity of medicant delivered 234, medicant name/
number 236, prescribed patient 1D 237, prescribed dosage
240 including flow rate 241, duration 242, dose 243, medicant
concentration 244 and titration standing order 245, prescrip-
tion order number 246, ordering physician 247, order verified
date 248 and time to administer medicant 249 and medication
report components 250 including a medication report 252 and
a universal record locator 254. The nature of almost all of
these information types is obvious to one of ordinary skill in
the art and therefore will not be explained here in detail.
Regarding less obvious information types and segments,
those types will be explained in more detail below as they
relate to other system components that have yet to be
described.

It is contemplated that tags 200 will be programmed by a
pharmacist or other physician using a dispensing system or a
computer terminal equipped with a device capable of writing
memory contents (i.e., list 220) to tags 200. In some cases the
writing process will include printing information on an exter-
nal surface of a tag including either human readable indicia
or, in some cases, a machine readable code such as a bar code
or dot matrix.

Hereinafter several different tag types are described. Each
different tag type is referenced by the numeral 200 followed
by a small letter (e.g., “a”, “b”, etc.), the letter differentiating
one tag from another. For instance, in FIG. 7 one tag type is
referenced as 200q. Similarly, because each tag includes at
least one memory device or component, each different
memory device is referenced by the numeral 201 followed by
a small letter, the letter again serving to differentiate one
memory from another. For instance in FIG. 7 the memory
device or memory is referenced as 201a. In cases where tags
are referred to generally the numeral 200 will be used and
where tag memory is referred to generally the numeral 201
will be used.

Referring now to FIGS. 5 and 7, in a first embodiment, tag
200q includes an electronic memory 201a linked to contacts
202 which can be used to obtain information from the
memory 201a and, during programming, may be used to
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provide information to memory 201a. Contacts 202 in FIG. 7
are electrical and to write information to memory 201a, con-
tacts of a writer (not illustrated) that are similar to contacts
202 have to physically touch contacts 202 to write informa-
tion to memory 201a. Similarly, in this case, to read informa-
tion from memory 201a, reader contacts have to physically
touch contacts 202. Tag 200a may be attached to a bag 140 in
any secure and suitable manner (e.g., glue on a flap as illus-
trated in FIG. 5, etc.).

Referring to FIG. 15, in a second embodiment, tag 2005
includes a bar code 2015 that may include any of the infor-
mation described above and which may be accessed by a
suitable bar code reading device to obtain the stored informa-
tion. In this case, a printer (not illustrated) would provide the
bar code 2015 on the tag 2005 and a bar code reader would be
used to obtain information from the tag 2005. Tag 2005 may
be attached to a bag 140 in any secure and suitable manner.

Inmany of the embodiments described herein, some means
for disabling a memory 201 after use is desirable. For
instance, after the contents of an IV bag have been depleted,
a tag mounted to the empty bag should not be useable with
other bags to program an IV pump unit. Similarly, where an
IV solution is to be discontinued for a particular patient prior
to complete depletion, facility protocol is typically to discard
the bag and the remaining contents to avoid use with another
patient. In this case, once again, the tag 200 should be dis-
abled to avoid using information therein to program a pump
unit a second time.

Referring again to FIGS. 5 and 15, to facilitate disablement
of bar code memory 2015, a perforated line 207 may be
provided through bar code 2015. Here, after bag content is
depleted or dispensation is discontinued, tag 2005 may be
torn along perforated line 207 so that only a subset of the code
remains on a corresponding bag. In this manner tag 2005 in
FIG. 15 may be rendered unable to provide information for
pump unit programming purposes.

In tag embodiments that include both a processor and
memory, tag configuration is relatively expensive. To reduce
overall system costs, processor/memory based tags may be
configured so that one or both of the processor and memory
and other components (e.g., antenna, power source, etc.) are
recyclable.

To this end, referring now to FIGS. 10, 11 and 12, in a third
embodiment tag 200¢ includes an adhesive strip 204, contacts
208, a conductor 209 and an RFID memory circuit 214.
Circuit 214 includes, among other components, separated
first and second contacts 210.

Referring to FIGS. 10 and 11, strip 204 includes oppositely
facing observable and hidden surfaces 211 and 601, respec-
tively, where the observable surface 211 is observable after
the tag 200 is mounted to a bag 140 for use and the hidden
surface 601 is hidden from view after tag 200 is mounted to a
bag 140. Strip 204 forms score lines 206 and perforated lines
207 that run perpendicular to a strip length (not separately
indicated). The score lines 206 define four separate strip
sections including end sections 205a and 2055 at opposite
end of the strip 204 and two mid-sections 603 and 213 that are
separated by a central score line 206.

Memory circuit 214 is mounted to the adhesive hidden side
601 of strip 204 within mid-section 213 while contacts 208
and conductor 209 are mounted to hidden side 601 of strip
204 within midsection 603 with conductor 209 forming a
loop between contacts 208. Conductor 209 and contacts 208
are arranged such that, when strip 204 is folded along the
central score line 206 so that the hidden surfaces 601 of
midsections 603 and 213 are adhered together, contacts 208
contact contacts 210 to form a closed circuit therewith. When
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so arranged, referring also to FIG. 5, midsections 603 and 213
together form a tab 605. Contacts 208 and conductor 209 can
take several different forms and may include, among other
components, a conductive adhesive applied to strip 204,
glued metallic members or a conductive printed material.

Strip 204 forms two perforated lines 207, a separate line
207 in each of midsections 603 and 213, respectively. Line
207 in midsection 603 (i.e., the midsection including conduc-
tor 209) is positioned so that line 207 separates contacts 208.
To this end, in the illustrated embodiment, line 207 passes
through the loop formed by conductor 209 twice although
other embodiments may include only a single pass. Referring
also to FIG. 11, the perforated line 207 in midsection 213 is
positioned such that, when strip 204 is folded around the
central score line 206 and sections 213 and 603 are adhered
together, the perforated lines 207 align.

Referring still to FIGS. 10 and 11, a release liner 212 is
provided on the end sections 205a and 2055 ofhidden surface
601 (i.e., there are two separate release liners, one for each of
sections 205a and 2055). Release liner 212 protects adhesive
on sections 205a and 2055 prior to attaching strip 204 to bag
140. When strip 204 is folded about central score line 206, end
sections 205a and 2055 can be folded in the opposite direction
so that liners 212 face in a direction opposite tab 605. When
so arranged, observable surface 211 can be used to print
information related to the medicant within bag 140 (e.g.,
contents, patient 1D, dosing information, etc.)

Referring to FIGS. 5 and 11, to adhere tag 200c¢ to bag 140,
release liners 212 can be removed from each of end sections
205a and 2055 and the hidden surfaces of sections 205a and
2055 can then be pressed against a surface of bag 140.

Referring also to FIGS. 10 and 12, when contacts 208 and
210 make contact (i.e., when strip 204 is folded about central
line 206 such that corresponding sections of the hidden sur-
face of strip 204 make contact) strip 204 forms the illustrated
circuit 214. Memory circuit 214 includes control logic 215
that is in communication with an antenna 216, a power stor-
age capacitor 217, memory 201¢ and conductor 209. Antenna
216 is a conventional RF antenna or magnetic field sensor for
receiving power from an external device and for transmitting
information to an external device via RF signals. When
capacitor 217 is charged by antenna 216 and conductor 209 is
intact, logic 215 accesses information within memory 201c¢
and transmits the information via antenna 216.

To disable tag 200¢ from providing information after use, a
physician tears strip 204 along perforated lines 207 which
effectively severs conductor 209 causing an open circuit.
Logic 215 detects the open circuit and halts transmission of
information from memory 201c. Alternately, conductor 209
can be positioned between logic 215 and any of the other
components in circuit 214 so when conductor 209 is severed
memory circuit 214 is rendered incapable of providing infor-
mation.

After a tag 200c¢ is disabled, the torn off portion of the tag
200c¢ can be returned to a facility pharmacy for recycling and
inclusion in another tag device on another bag with new
information corresponding to the new bag.

Referring again to FIG. 5, when text is printed on observ-
able surface 211, the text can be centered so that the text also
extends across perforated lines 207. In this manner, when
distal tab 605 is torn away from other strip components, the
text is also cut in a manner that prevents the text from being
completely read, further preventing the tag information from
being reused. Perforated lines 207 can be arranged as a diago-
nal line or as a chevron to further indicate when the distal tab
605 has been torn off.

20

25

30

35

40

45

50

55

60

65

16

Referring again to FIG. 12, capacitor 217 may be replaced
with a battery for internally providing power to logic 215 and
antenna 216. In this case, when conductor 209 is severed,
logic 215 may set a bit in memory 201c indicating that the
memory content should not be transmitted until the bit is reset
at the facility pharmacy.

Referring now to FIGS. 13 and 14, a fourth embodiment of
a tag 2004 is similar to the tag 200¢ in FIGS. 10 through 12
with the exception that tag 2004 does not include a conductor
209 and has a different alignment of score and perforated
lines 2064 and 2074, respectively. To this end, a strip 2044
includes two score lines 2064 that separate strip 2044 into first
and second end sections 2054 and 2134 and a midsection
603d. Strip 204d includes a hidden surface 601d illustrated in
FIG. 13 and an observable surface 2114 best seen in FIG. 14.
On the hidden surface 6014, strip 2044 includes an adhesive
layer that is essentially evenly spread there across except for
within circuit receiving spaces 2194 and 2184 on each of
sections 2054 and 6034, respectively. A memory circuit 214d
is disposed within one of spaces 2184 and 2194 and, when
sections 2054 and 6034 are folded with respect to score line
2064 there between so that the hidden surfaces 6034 thereof
adhere together, spaces 2194 and 2184 form an envelop that
houses circuit 214d. When so juxtaposed, as in the case of tag
200c¢ in FIGS. 10-12, strip 2044 forms a distal tab 6054.

Referring still to FIGS. 13 and 14, strip 2044 also forms
two perforated lines 2074 one line 2074 in each of sections
205d and 603d. The line 2074 in section 603d is positioned on
one side of space 218d. The line 2074 in section 2054 is
positioned on one side of space 2194 and such that, when
sections 2054 and 6034 are adhered together as illustrated in
FIG. 14, lines 207d are aligned. As in the case of strip 204,
here a release liner 2124 is provided on a hidden surface 6014
of'end section 213d to protect adhesive thereon until tag 2004
is attached to an IV bag.

To attach tag 2004 to a bag 140, sections 2054 and 603d are
bent about line 2064 there between until the hidden surfaces
601d thereof adhere together to form an envelope with circuit
214dtherein and so that sections 2054 and 603d together form
tab 605d. Next, end section 213 is bent in an opposite direc-
tion so that hidden surface 6014 thereof faces in a direction
opposite the direction in which tab 6054 extends. When so
configured, liner 2124 is removed from section 2134 and tag
200d is adhered to bag 140 (see again FIG. 5). Thus, in this
embodiment strip 2044 only has a single adhesive section
213d exposed, although other arrangements are envisioned.

When a bag 140 is to be discarded and tag 2004 should be
disabled, distal tab 605' is torn from other portions of strip
204d and circuit 2144 can be easily removed from the enve-
lope (i.e., the space defined by spaces 2194 and 2184). It is
believed that circuit 214 is not likely to be accidentally used
when exposed and thus this embodiment also prevents
memory contents 220 from being accidentally reused as part
of a patient treatment. After being removed from strip 2044,
memory circuit 2144 can be returned to a facility pharmacy
for erasing, insertion into a new strip 204, and reprogram-
ming.

Referring once again to FIG. 5, according to the present
invention, with tags 200 on each of several different bags 140,
the information from each bag 140 may be obtained via a
controller. To this end, while explained in more detail below,
an exemplary controller includes some mechanism to obtain
information from each of the tags 200. For instance, a con-
troller may include an RFID transponder that can excite each
of'tags 200 and cause each tag 200 to send memory informa-
tion to the controller. The controller may have to be placed
proximate each tag 200 to excite the tag and obtain informa-
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tion there from or may be able to excite each tag 200 remotely
(e.g., within 8 feet of the controller) to obtain information
there from. In the alternative, where each tag 200 includes
information in a bar code format, the controller may include
a bar code reader that can read bar codes that are proximate
the reader. In any event, it is contemplated that the controller
can obtain information from each of tags 200.

Referring now to FIG. 8, a fifth embodiment tag 200e is
illustrated. Referring also to FIG. 5, it is contemplated that a
“dumb” tab 605 is secured to a bag 140 and that the tab 605
does not have any memory. In addition, while illustrated as
being removable via tearing along perforated lines 207, it is
contemplated that, in this embodiment, tab 605 is not easily
tearable along line 207 (i.e., perforated line 207 is not pro-
vided). Instead, referring also to FIG. 9, embodiment 200e
includes a housing 330 that encloses a memory 201e, RFID
logic 334, a switch 332, a battery 337 and an RFID antenna
336. In addition, tag 200e includes a reset button 344, a
releasable connector 342 and an interface 346. Logic 334 is
linked to memory 201e and is linked to antenna 336 via
switch 332. Battery 337 is linked to other assembly devices to
provide power thereto.

Housing 330 forms a slot 341 for receiving a dumb tab (see
197 in FIG. 5). When tab 605 is received within slot 341,
connector 342 can be activated to lock tag 200e to the tab 605.
Intheillustrated embodiment, slot 341 is formed by facing leg
members 347 and 349 where member 349 forms a threaded
aperture (not illustrated). Connector 342 includes a screw
received in the threaded aperture and having a distal end that
extends toward leg member 347. Tag 200e is attachable to a
tab 605 by tightening screw 342 (e.g., a quarter turn) within
the aperture until the distal end of screw 342 pins the tab 605
against leg member 347. In the alternative, referring again to
FIG. 5, tag 200 may form an aperture 195 through which the
distal end of screw 342 passes or that receives some other
mechanical clipping mechanism.

After tag 200e is secured to a bag via connector 342,
information can be written to memory 201e via antenna 336
and a standard RF transfer protocol. Normally, when tag 200e
is attached to a tab 605 via connector 342, the RFID tag can be
activated to transmit information via antenna 336 to a con-
troller 260 or some other receiving device. When tag 200¢ is
removed from a tab 605, switch 332 is opened preventing
memory 201e from being read and thereby effectively dis-
abling tag 200e from transmitting memory information. In
addition, logic 334 may be programmed so that when switch
332 is opened, logic 334 either sets a bit in memory 201e or
otherwise indicates that tag 200e has been removed from IV
bag 140.

In the alternative, another embodiment is contemplated
that does not include a battery 337 and instead includes an
externally powered RF assembly that has to be excited by an
external source in order to send information to a controller or
the like. In addition to sending information to a controller,
information may also be obtainable from tag 200e by other
system devices.

In this self powered embodiment, when an IV bag 140 is
emptied or discontinued, tag 200e can be removed from the
bag 140 by releasing connector 342 (e.g., counter turning
connector 342) to open switch 332. It is anticipated that the
memory 201e is erased or reprogrammed prior to tag 200e
being attached to a new IV bag 140. To prevent tag 200e from
being used to identify another bag prior to being repro-
grammed, mechanical reset 344 may be used. To this end, in
one embodiment, when connector 342 is released, tag 200e¢ is
disabled such that tag 200e will not provide information in
memory 201e until connector reset 344 is reset using a special
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tool (not illustrated). By reserving use of the special tool to
qualified individuals, proper memory 201e reprogramming
can be ensured. The resetting tool can include a battery and
contacts or an RFID programming circuit or some type of
mechanical device. In some embodiments, when the resetting
tool is used, memory 201e is also automatically erased. Other
methods of isolating or disabling memory 201e between uses
are contemplated.

Referring still to FIG. 8, assembly display 346 may be used
to present portions of memory contents 220 or to indicate
status of the device 200e (e.g., transmitting, receiving, etc.).

While the inventive system may employ any of several
different types of communicating devices and protocols (in-
cluding the devices and protocols described above) that
enable system components to communicate and transfer
information, in order to simplify this explanation, unless indi-
cated otherwise, hereinafter, the invention will be described
in the context of an RF based system where each device
includes an RF communicating device to receive, transmit, or
receive and transmit information from and to other system
devices and also includes some type of antenna capable of
receiving power from an external power source (e.g., a hand
held device, a physician’s badge, etc.)

D. IV Pump System

Referring now to FIG. 16, an exemplary infusion system
607 includes at least one IV bag 140 linked to an infusion
pump 100 via a first line 150a where pump 100 is in turn
linked to a patient (not illustrated in FIG. 16) via a second IV
line 15056. Bag 140, includes an externally powered RFID tag
200 including information similar to contents 220 in FIG. 6.

Referring also to FIG. 17, pump 100 includes a housing
102 that houses, among other things, one or more pump
assemblies or units 108, an infusion controller 103, a display
123, a visual indicator 124, an audible indicator 126, a tran-
sponder 122 and an interface device, typically in the form of
a keyboard 106 or mouse for controlling a display cursor, for
manually providing information to a processor 104. Control-
ler 103 includes processor 104 and a memory 105 that is
accessible to processor 104 to read information from and
write information to memory 105.

Each unit 108 includes a pump 127 (e.g., compression
rollers, a pressure gradient suction valve, etc.), a micro switch
128, a pump specific indicator 125, a line inlet port 132 and a
line outlet port (not visible in Figs. but including the port from
which line 1504 in FIG. 16 extends). In some embodiments,
each unit 108 also include a data inlet port 134 and a data
outlet port (again, not visible in Figs. but includes port from
which data line 1625 extends in FIG. 16). The data ports are
described in more detail below. Lines 150a and 1505 link
corresponding unit inlet ports 132 and outlet ports (not illus-
trated) to IV bags 140 and a patient 12 in a conventional
manner.

Referring still to FIG. 17, processor 104 is linked to each of
the pump 127, switch 128 and indicator 125 for control
thereof in a manner that will be described in more detail
below. Switch 128 is configured and provided such that
switch 128 can determine when an IV line 1504 is connected
to or removed from a corresponding pump unit 108. To this
end, switch 128 may be mounted inside port 132 to mechani-
cally sense connection and disconnection of a line 150a.

Display 123 is, in some embodiments, an LCD or other
screen device that facilitates communication of human read-
able information such as text, graphics, etc., related to one or
more [V processes. Visual indicator 124 is typically an LED
or some other similar device which is easily viewable under
all lighting conditions. Hereinafter, while other than an LED
may be used as a visual indicator, unless indicated otherwise,
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it will be assumed that all visual indicators are LEDs. Audible
indicator 126 is a speaker or beeper or some other device
capable of generating sound. Transponder 122 is an RFID tag
reader that can communicate with other system devices
including the patient ID devices 10, physician ID devices 40,
bag tags 200, etc. While transponder 122 is shown as a part of
IV pump 100, transponder 122 may be connected to pump
100 via a tether.

Processor 104 is linked to each of display 123, indicators
124 and 126, transponder 122 and keyboard 106. In addition,
as illustrated in FIG. 17, processor 103 is also linked to a
communication channel 255 such as an intranet or the Inter-
net for communication with other facility or remote comput-
ing and storage devices.

Infusion controller 103 controls each pump unit 108 to
infuse intravenous fluids to a patient from IV bags 140. To this
end, an IV bag 140 is connected to a patient via a fluid tubing
line 1504, 15054 that passes through one of pump units 108 to
the patient.

Referring now to FIGS. 17 and 18, a “populated” (i.e.,
essentially completely specified) exemplary memory con-
tents 280 of memory device 105 is illustrated. Contents 280
includes a pump identification number 130, patient informa-
tion 282 and a separate memory content information segment
for each pump unit 108 in pump 100. Patient information 282
may include minimal information such as a patient ID or
name or may include virtually all information from a patient
ID device 10 and or additional patient information obtained
via communication channel 255 and a remote facility server/
database. In any event, patient information 282 must be use-
able to uniquely identify a single patient so that pump 100 can
be uniquely associated with a single patient 12.

Referring still to FIG. 18, exemplary memory content for
one unit 108 includes physician information 61, IV medicant
information 284, order verification information 290 and
pump status information 291 (i.e., flow rate 292, duration
293, dose 294, volume to be infused 295 and volume infused
296). Memory contents 280 and how the contents are used
will be explained in greater detail below.

Referring now to FIGS. 5 and 16, when an IV bag 140 is
brought to a patient for infusion, the bag 140 is positioned
with respect to transponder 122 and transponder 122 is acti-
vated to obtain (e.g., read) at least a subset of memory con-
tents 220 from the tag 200 on the IV bag 140 and store a
portion of the obtained memory content in controller memory
105. For instance, in the present example, as memory 201 is
an RFID tag, transponder 122 is designed to read only RFID
tags proximate (e.g., within 10 cm) the transponder 122. The
range of sensing is limited to prevent transponder 122 from
obtaining information from an RDIF tag associated with
another more distal IV bag 140. In the present case range is
limited by restricting the power of transponder 122 so that
only RFID tags (e.g., 200) proximate the transponder are
powered thereby. Consistent with the medication information
230 obtained from contents 220, pump 100 sets operating
parameters for a particular pump unit 108 so that the unit 108
operates at the prescribed dosage rate and time. In effect, the
processor 104 associates the pump unit with the particular
infusion process prescribed by the bag tag 200.

Referring also to FIGS. 1 and 2, when medicant dosing is
dependent on a patient’s weight, in some embodiments pump
100 uses transponder 122 or some other sensor device to
obtain (e.g., read) a portion memory contents 20 of patient
identifier 10 to determine the patient’s current weight 28. This
reading process, like the process of reading tag memory 201
will, it is contemplated, require placement of a patient iden-
tifying device 10 proximate transponder 122 to facilitate
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device 10 activation and transfer via RF communication.
Infusion controller processor 104 then computes the correct
infusion rate based on weight 28. The patient’s weight can
also be obtained from the physician entering it using key-
board 106 or the weight can be obtained via communication
with a hospital network by transmitting (e.g., via 802.11
wireless communication) selected patient ID information 222
to a remote facility server via network 255 where the server
which correlates patient identification with most recently
recorded patient conditions including weight. Upon receiving
the patient identification, the server identifies the patient’s
weight and transmits the weight back to the controller pro-
cessor 104 for use by processor 104 in determining infusion
rate.

Referring still to FIGS. 2 and 16, when infusion rate or
other characteristics are based on a patient’s body surface
area, the patient’s body surface area 29 or height 27 and
weight 28 which can be used to compute body surface area
can be provided to processor 104 in any of the manners
described above (e.g., via device 10, remote server or physi-
cian entry via board 106).

In addition to obtaining a patient’s weight and other physi-
cal characteristics from a patient identification device 10,
pump 100 can also use transponder 122 to obtain other spe-
cific patient information 21 including the patient identifica-
tion number 22 or some other information that uniquely iden-
tifies the patient. For the purposes of this explanation it will be
assumed that processor 104 obtains and stores the patient
identification number 22 (see FIG. 2) from a device 10. After
obtaining the patient identification number 22, processor 104
may be programmed to associate the pump 100 with the
patient ID by storing the patient identification number 22 in
memory 105 as number 130 (see FIG. 18).

After a pump 100 is associated with a specific patient (e.g.,
via number 130 stored in controller memory 105), upon
obtaining information from an IV bag 140 including the
patient identification number 223 that indicates the patient for
which a medicant in corresponding bag was dispensed, pro-
cessor 104 can compare the patient number 130 stored in
memory 105 with the number 223 obtained from the bag 140
to determine if the medicant in the IV bag 140 was dispensed
for delivery to the patient 12 associated with the pump 100
(i.e., the patient whose ID device 10 was most recently used to
associate the pump). If the number 130 stored in pump
memory 105 and the number 223 obtained from the IV bag do
not match, processor 104 can alert an attending physician of
the mismatch via display 123 or some other suitable device. If
the compared numbers are identical, processor 104 may pro-
ceed to facilitate medicant delivery to the patient (i.e., may
enable a pump unit corresponding to the medicant, unlock a
compartment (not illustrated) on an infusion pump unit 108 to
allow the IV bag 140 to be mounted thereon, and/or provide
an audible or visual indication to the attending physician).

Other comparisons are contemplated for the purpose of
facilitating other health safety functions. For instance, refer-
ring again to FIGS. 2, 6 and 16, processor 104 may obtain
allergy information 24 (i.e., an indication of medicants that
the patient is allergic to) from a patient’s ID device 10 (see
also FIG. 1) and may also obtain the medicant name and
number 236 from an IV bag memory 201. In this case, prior to
enabling delivery of medicant in a bag 140 to a patient,
processor 104 may compare the list of medicants 24 to which
the patient 12 is allergic with medication 236. Here, assuming
the pump has already been associated with a patient (e.g., in
the case of a multiple line pump), patient information from
the patient identification device 10 need not be obtained a
second time to perform this comparison. If the patient 12 is
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allergic to the medicant, processor 104 may alert an attending
physician. If the patient is not allergic to the medicant, the
processor may facilitate medicant delivery to the patient. Ina
particularly advantageous system, where the patient is not
allergic to the medicant, the processor 104 affirmatively indi-
cates that no allergies were identified thereby giving the
patient and the attending physician some peace of mind
regarding potential allergy problems.

As another comparison instance, processor 104 may be
programmed to compare a total volume of medicant to be
delivered during a period to a patient to a maximum allowable
or safe volume over that period and, where the total intended
to bedelivered exceeds the allowable volume, may activate an
alert and/or disable the units until a physician affirmatively
bypasses the safety mechanism. To this end, where total
allowable volume is dependent on patient weight or other
characteristics, processor 104 may obtain the relevant char-
acteristics from device 10, determine the allowable volume to
determine how to proceed. In the alternative, after obtaining
patient ID information from device 10 processor 104 may
access other relevant information via channel 255.

Prior to authorizing or facilitating medicant dispensation to
a patient, pump 100 may also require that a physician having
specific training or responsibilities be present to administer
the medicant. To this end, referring again to FIGS. 3, 4,16,17
and 18, pump 100 may determine that an appropriately cre-
dentialed physician is in attendance prior to commencing
medicant delivery by requiring that physician information 61
be obtained by processor 104 from a physician’s identifica-
tion device 40 and compared to physician information in
memory 105 or which is remotely accessible via channel 255
and which indicates required credentials. Here, it is contem-
plated that, just as transponder 122 can obtain information
from patient identification device 10, so to can transponder
122 obtain information from a physician’s identification
device 40 either via RF or some other communication proto-
col.

Once physician information 61 is obtained from a device
40, information 61 can be compared with the required cre-
dentials information already stored in memory 105 to deter-
mine if the physician is authorized to dispense the medicant to
the patient. Where the physician is appropriately creden-
tialed, again processor 104 can facilitate delivery to the
patient. Where the physician is not properly credentialed,
processor 104 can indicate so. Physician credentials may be a
function of any of several different factors including the
patient identification (i.e., for a specific patient perhaps only
one physician is authorized to administer medicant), medi-
cant type (i.e., for a specific medicant, perhaps only two
physicians at a facility are authorized to administer), etc.

While infusion control information is described above as
being stored on separate bag tags 200, in at least some
embodiments infusion control information may be stored on
the patient identification device 10. In this case, upon obtain-
ing information from a device 10, processor 104 may store the
obtained information including the control information.
Thereafter, when a bag is brought to the patient for adminis-
tration, processor 104 may obtain only medicant identifying
information form the bag and then determine, based on a
comparison of the information from the device 10, whether or
not the medicant should be delivered to the patient and if so,
may use information from device 10 to set delivery param-
eters.

In all cases where communication is established between
two components in an infusion system or where information
is transferred form one system device to another, it is contem-
plated that system devices involved in the communication or
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transfer may be programmed to indicate, either visually or
audibly, that the device is involved in the communication or
transmission. This feature is contemplated as a way to ensure
that during communications and transfers, a physician does
not inadvertently and mistakenly communicate with an unin-
tended device in proximity of a patient 12. For instance, in the
present case where system devices communicate via RF com-
munication, assume that, to initiate a data transfer, a physician
depresses one ofthe keys on keyboard 106. In this case, where
the physician wishes to transfer information form a patient
device 10 to a pump memory 105 to associate the pump with
the patient and for comparison and/or control purposes, the
physician first positions the device 10 and transponder 122 in
relative positions that should enable information transfer.
Thereafter, the physician presses the data transfer initiation
key on board 106 causing transponder 122 to request infor-
mation from device 10. When the request is received by
device 10, device 10 activates interface 18 to visually indicate
that device 10 received the request. The physician visually
confirms that device 10 that the physician intended to obtain
information from is the device that generates the visual indi-
cation. This confirmation process avoids the possibility that
information could be obtained form some other patient iden-
tification device 10 in the viscidity of transponder 122. There-
after device 10 transmits information to transponder 122 via
RF communication.

When information is received by transponder 122, proces-
sor 104 may cause display 123 or speaker 126 to indicate that
information is being received. For instance, all received infor-
mation may be displayed on screen 123 so that the physician
can visually confirm basic information (e.g., patient name,
general physical characteristics, etc.) Confirmation informa-
tion (e.g., an acceptance of transmitted information by a
physician) may be recorded in pump memory 105 for later
transmission to a database.

As another example, referring again to FIGS. 8 and 16,
when a tag 200e receives an information request, tag 200e
may indicate reception by indicating via display 346 or some
other indicator (e.g., an LED).

Instead of using patient device 10 information to associate
apump 100 with a specific patient 12, information from a bag
tag 200 may be employed. To this end, assuming that a pump
100 is initially not associated with a particular patient, when
a first bag tag 200 is interrogated by transponder 122, proces-
sor 104 may obtain patient identification information from
the first bag and store that identification information in
memory 105 to establish association. Thereafter, until the
association is discontinued, whenever subsequent bags 140
are brought to the patient 12 for medicant delivery, informa-
tion is obtained from the tags 200 on the subsequent bags 140
and is compared to the information in memory 105 that iden-
tifies the associated patient. The interrogation process is simi-
lar to the process described above (e.g., may include allergy
comparison, physician identification comparison, etc.) prior
to facilitating medicant delivery. In this manner, the first [V
bag 140 attached to an infusion pump 100 effectively assigns
the pump 100 for use with a single patient 12 and no other
patient until the association is terminated, thereby assuring
that the patient 12 receives only medicants dispensed for that
patient 12.

Typically an IV pump 100 will not be turned off until the
medicant being delivered by the pump 100 is to be discontin-
ued. To avoid using information in a pump memory 105 to
deliver medicant inadvertently as a function of stale informa-
tion in memory 105, in at least some embodiments of the
invention, when IV pump 100 is turned off, patient informa-
tion 130, 282 (see FIG. 18) is erased from memory 105. After
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memory 105 has been cleared in this manner, if a physician
desires to begin delivery of the medicant to the patient again,
the pump can again be turned on and the association process
and comparison processes described above can be repeated. If
the pump 100 is to be used with a second patient, another
association and interrogation process involving the second
patient and other medicant bags 140 must be performed. It is
also contemplated that some key on board 106 may facilitate
manual erasing of memory 105.

Referring again to FIG. 16, system 607 includes line sen-
sors 128 for sensing when an IV bag is linked to a specific
pump unit 108. In these cases, processor 104 can receive an
indication from a sensor 128 that a line has been linked to or
removed from a pump unit 108 and then can perform some
function based on the status of liked lines. In some embodi-
ments, when a line is removed from a unit 108, the informa-
tion stored in memory 105 corresponding to the specific unit
108 is erased so that the information is not inadvertently used
to control delivery of a medicant in a subsequent [V bag 140.

Thus, when another bag is brought to the patient for deliv-
ery, an association and programming process is repeated to
set parameters for delivery of the medicant in the new bag.
Similarly, when a final IV line 1504 is detached from a pump
100, the pump 100 should be disassociated from the previ-
ously associated patient 12 so that the pump 100 can be used
with another patient. To this end, in at least some embodi-
ments, when a final line is detached from pump 100, proces-
sor 104 may be programmed to erase or clear the memory 105
to effectively disassociate the patient 12 and the pump 100.

Similarly, when a line 150aq is initially plugged into a unit
inlet 132 and is sensed by a switch 128, processor 104 deter-
mines if the pump 100 has been associated with a specific
patient. Where pump 100 has not been associated with a
specific patient 12, processor 104 can instruct an attending
physician to use transponder 122 to obtain patient informa-
tion from some other device. For instance, transponder 122
may be used to obtain patient information form a patient
device 10. In the alternative, transponder 122 may be used to
obtain patient information from the bag tag 200. After pro-
cessor 104 obtains the patient information, processor 104
stores the information in memory 105 (see also FIG. 17) to
establish an association between pump 100 and the patient 12.
In addition, after associating the pump 100 with a patient,
processor 104 automatically obtains medicant and prescrip-
tion information (hereinafter “unit control information™)
from tag 200 and store that information in memory 105 to
control the specific unit 108 linked via line 150a.

In embodiments that do not include sensors 128, a pump
unit start key (e.g., one of the keys on board 106) may be
pressed to indicate that a new line is being linked to a pump
unit 108 and the process described above may be repeated to
determine if the pump is associated with a patient and to
obtain unit control information and associate a pump unit
with a specific medicant bag and the control information.

In some embodiments, when an initial IV bag 140 is
detached from a pump unit 108, even when the initial bag 140
comprises the last bag 140 attached to pump 100, there can be
circumstances wherein preserving memory contents 280 is
desirable. For example, when an initial bag 140 is to be
detached form a unit 108 and replaced with a replacement bag
140 and the replacement bag either includes the same medi-
cant as the initial bag or was issued under the same order as
the initial bag 140, it may be advantageous to maintain exist-
ing infusion process parameters (i.e., parameters correspond-
ing to the initial bag) when the replacement bag is linked to
the unit 108. This parameter maintenance feature is especially
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useful when medicant delivery parameters have been titrated
or modified in response to the patient’s condition.

To facilitate this feature, when a line is detached from a unit
108, processor 104 may be programmed to maintain the
parameter settings for the specific unit until information can
be obtained from the replacement bag and compared to the
information corresponding to the initial bag 140. Where the
replacement bag medicant orunit control information is unre-
lated to similar information corresponding to the initial bag,
processor 104 can then erase information related to the initial
bag from memory 105 and replace that information with the
unit control information obtained from the replacement bag
140 thereby associating the pump unit 108 with the new bag
and corresponding control regimen. However, where the
replacement bag unit control information and medicant are
related to or are an extension of similar information corre-
sponding to the initial bag, processor 104 can maintain the
control parameters to control delivery of the medicant in the
replacement bag. In the alternative, after processor 104 has
identified a relationship between the initial and replacement
bags, processor 104 may prompt an attending physician to
affirm that the physician would like to continue with the
previous flow rate 292, duration 293, dose 294, etc. To this
end, processor 104 may indicate the previous parameter set-
tings via display 123 and provide icons via display 123 to
accept, reject or adjust the settings.

While, in most cases, it is desirable to request bag tag 200
contents 220 and specific patient information 21 to ensure
that a medicant is supposed to be delivered to a patient 12
prior to delivery, there are circumstances in which the delay
required to obtain this type of information is particularly
undesirable (e.g. a STAT or emergency condition) and in
which pump 100 should be allowed to operate without requir-
ing this information. To this end, another feature of the inven-
tive system is that one of the keys or a specific key code on
board 106 may be selectable to avoid having to perform the
protocol described above in emergency situations.

Referring to FIGS. 16 and 17, in single pump systems,
processor 104 can determine that a bag 140 includes medicant
for a particular patient 12 using several different protocols.
According to one method described above, transponder 122
can be used to obtain patient identification information from
device 10 and patient identification information from tag 200
memory content 220 and then determine if there is a match
between the two patient identification sets.

In another embodiment, referring still to FIGS. 16 and 17,
a tag reader 160 may be provided that is linked via a data bus
162 to a connector 166 that is received within data port 134 of
a unit 108. In the illustrated embodiment bus 162a is con-
nected to line 1504 via clips 164 (e.g., pressure fit or glued)
that are essentially equi-spaced along line 150a. Referring
also to FIG. 19, bus 162a is composed of wires 163 sur-
rounded in a conventional manner with an electrical insulator.
Using this arrangement bus 1624 is easily associated with a
specific IV bag 140.

In the present example, reader 160 is an RF reader capable
of'reading or receiving information from tag 200. Information
obtained by reader 160 is provided to processor 104 (see also
FIG. 18) via bus 1624 and port 134 and can be used in the
manner described above to compare and set parameters.

In the illustrated embodiment bus 162 can only be sepa-
rated from line 1504 a short distance so that reader 160 and
connector 166 can only be connected to the same bag 140 and
the same pump unit 108 as line 1504, respectively. Similarly,
referring also to FIG. 21, bus 162a may be mated to a second
bus 162a' associated with another line 1504' via electrical
connectors 194 and 196 that mechanically limit the ways in
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which the two buses 162a and 1624 can be linked. In FIG. 21,
mechanical limitation is facilitated by way of limiting the
portion of slack bus lines 1624 and 1624' to small distances to
render incorrect cross connections essentially impossible.
Because bus 162a is not physically part of line 150a, bus 1624
can be detached from line 150a and reused.

Referring still to FIG. 16, a second data bus 1625 is linked
to a portion of the IV line 1505 that extends form pump 100 to
the patient 12. Bus 1625 has a construction similar to the
construction of bus 162a and operates in a similar manner to
facilitate transfer of information from pump 100 to a line
identification device 180 that is clipped to line 1505 via clips
184. Device 180 includes a display 182 so that device 180 can
display any information in memory 105 including medication
name or other information for a corresponding line 1505 at a
point nearer to the patient 12 than pump 100. Device 180 is
especially useful when multiple IV bags and lines are used on
one patient. Devices 180 can be used by a physician to easily
and accurately determine which of several lines linked to a
patient should be removed when one or more lines are to be
detached from the patient. To this end, a physician may use
pump 100 to indicate one medicant to be discontinued. The
pump processor 104, tracking which units correspond to
which medicants, can send a signal to a device 180 corre-
sponding to the medicant to be discontinued thereby causing
the device 180 to indicate (e.g., the beeping LED) the specific
line to be detached from the patient 12.

Referring now to FIGS. 20, 22, 23, 24, and 25, a second
embodiment of a combined line and bus is illustrated. In this
embodiment, wires 163 are embedded within the walls that
form the lumen 152 of line 150a. Line 150 is matable to a
second line 150" via a conventional Luer Lok fluid connection
composed of a female portion 190 and a male portion 192.
Female portion 190 includes electrical contacts 198 and male
portion 192 includes electrical contacts 199 arranged so that
when the female 190 and male 192 portions are connected
there is electrical contact between contacts 198 and 199 cre-
ating a link between wires 163 and 163'. Where wires 163 are
embedded within line 150a, sensor 160 may be detachable
from line 150a to facilitate reuse.

Referring again to FIGS. 1-4 and 16-18, in yet another
embodiment physician identification device 40 may be used
to obtain memory content 20 from a patient device 10 and to
also obtain tag information from tag 200 on a bag 140. The
information from device 10 and tag 200 can then be trans-
ferred to pump 100 and processor 104 via transponder 122
and processor 104 can perform the comparison, associating
and parameter setting protocols described above when appro-
priate. Here, as above, virtually any of the transfers of infor-
mation or communications may be indicated by one or both
devices involved indicating the occurrence via an audible or a
visual indication.

In one other embodiment where a physician uses device 40
to obtain information from memory content 20 of device 10
and from content 220 of a tag 200, device 40 may be pro-
grammed to determine if there is match between the patient
information 21 from device 10 and the patient information
222 from tag 200. Where the compared information matches,
device 40 may transfer at least a subset of the information to
pump 100 to establish association between the pump 100 and
the patient 12 and also to set unit 108 operating parameters as
described above.

In the case of standard IV medications that are stored as
floor stock (i.e., medicants that needn’t be released by a
pharmacist), memory content 220 typically will not include
patient information 222 (see FIG. 18) and therefore no com-
parison between patient information will be possible. In these
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cases, when tag information is obtained, processor 104
should be able to recognize the medicant identified by the tag
information as floor stock and facilitate delivery without a
match of patient identification information.

Referring still to FIG. 16, each pump unit 108 includes its
own indicator 125, which may be in the form of a light or
LED, visible on the exterior of housing 102. Referring also to
FIG. 17, in some embodiments processor 104 is programmed
to indicate specific units 108 via indicators 125 under certain
circumstances. For example, instead of indicating a line 1625
via interface 180, when keyboard 106 is used to identify one
of several medicants linked to pump 100 and a patient 12,
processor 104 may be programmed to illuminate an indicator
125 associated with the unit 108 linked to the particular
medicant. Similarly, assuming no lines are initially linked to
pump 100, when tag 200 information is obtained, processor
104 may illuminate a unit 108 to which the corresponding bag
is to be linked to ensure that unit control information is used
to control delivery of a medicant in an associated bag.

Referring also to FIG. 30, in other embodiments, indicator
125 may be positioned within a line receiving port 132 and
configured as one or more lights that shine on one or both of
lines 1504 or 1504. In this case, as in the case of a light pipe,
indicator 125 light is transmitted from unit 108 toward either
a linked bag 140 or a patient (not illustrated) and can be used
to distinguish one line from another. Here, in at least one
embodiment, different colors of light may be provided to lines
linked to separate units 108. For instance, lines linked to a first
unit 108 may be illuminated with a white light while lines
linked to a second unit 108 may be illuminated with a blue
light. In the alternative, light may be blinked on and off
among separate units in a sequence to allow all line linkages
to be identified in a short light cycle. For instance, for a pump
including four separate units 108, during a first second of a
four second cycle, indicators 125 may illuminate lines linked
to a first unit 108. During a second of the cycle indicators may
illuminate lines linked to a second unit 108 with all other
indicators off. During the third and fourth seconds only indi-
cators corresponding to the third and fourth units 108, respec-
tively, may be illuminated. This cycle may be repeated several
times to help a physician distinguish lines. The cycles may be
initiated via a command entered via board 106 or in some
other manner (e.g., using a physician badge 40 to request line
identification).

E. Multiple IV Pump Configurations

Referring now to FIG. 26, an IV system 8 including several
IV pumps 100a and 1005, a centralized IV pump controller
260 and both physician and patient identifying devices 40 and
10, respectively, is illustrated. Each of pumps 100a and 1005
is similar to pump 100 described with reference to FIGS. 16,
17 and 18 above and therefore, only distinctions between
pumps 100a and 1005 and pump 100 will be described here in
detail. In addition, unless indicated otherwise, because
pumps 100a and 1005 are similar, only pump 100g and its
operation will be described unless indicated otherwise. The
main difference between pumps 100a and 1005 is that pump
100q is a multi-unit pump whereas pump 1005 is a single unit
pump. Because pump 1005 is a single unit pump, a single
machine readable indicia 131 identifies the pump 1005 as a
whole whereas similar indicia 131¢, 1315, etc. on pump 100a
are associated with and identify separate pump units 108a,
1085, etc.

With respect to construction and capabilities, it should
suffice to say that, in this embodiment, pump 100¢ includes
several pump units 1084 and 1085, 108¢, each unit linkable to
a separate IV bag (e.g., 140q) and to a patient 12 to deliver
medicant from a bag 140qa to the patient 12 in a regulated
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manner. To regulate units 108a, etc., pump 100q includes the
components illustrated in FIG. 17.

Each pump unit (e.g., 1084, etc.) includes among other
things, a separate unit indicator, a line inlet and a correspond-
ing line outlet. For instance, unit 108a includes indicator
1254, an unnumbered inlet and an unnumbered outlet. In
addition, although notillustrated in FIG. 26, referring again to
FIG. 16, each unit 1084, 1085, etc., may also include a data
inlet 134 for receiving data from a bag tag sensor 160.

In addition to the components above, each pump 1002 and
1004 further includes a pump transponder 1224, 1225 and a
pump specific indicator 124a and 12556 (note displays 123
could also be used as pump specific indicators), respectively,
that operate in the manner described above.

Referring still to FIG. 26, devices 40 and 10 are similar to
the devices described above with respect to FIGS. 1 through
4 and therefore will not be explained again here in detail. To
the extent that devices 10 and 40 operate differently than
described above, the other operations will be described
below.

Referring now to FIG. 26 and also to FIG. 26A, controller
260 includes a housing 262 that houses a processor 620, a
memory 622, a transponder 274, a display 264, a keyboard
266, and an indicator 268. Processor 620 is linked to each of
memory 622 and transponder 274 for two-way communica-
tion, is linked to display 264 and indicator 268 to provide
output and is linked to board 266 to receive input from a
controller user (e.g., a physician).

Display 264 is a textual and graphics display which can be
used to examine information provided by processor 620. Indi-
cator 268 is some type of light emitter (e.g., an LED) that is
easily observable to a controller 260 user. Board 266 includes
keys necessary to facilitate the functions described herein.
While separate keys are illustrated, in at least one embodi-
ment, the keys may take the form of touch screen keys or
screen icons selectable via a joystick controlled cursor or the
like.

Transponder 274 is a wireless transmitter/receiver for com-
municating via RF communication in the present example
although other communication protocols are contemplated
(e.g., an IRDA protocol, a Bluetooth protocol, etc.). Tran-
sponder 274 communicates via wireless communication with
each of network 272, pumps 100a and 1005, physician device
40, patient device 10 and tags 200qa, 2005, etc.

While a preferred embodiment of controller 260 commu-
nicates via wireless communication, it should be appreciated
that in some embodiments, controller 260 may be linked via
communication channels such as wire cables or the like to
each of pumps 1004 and 1005 and to network 272. Exemplary
channels are identified by channels 255a and 2555 and link
270. Nevertheless, hereinafter, to simplify this explanation,
controller 260 and other components will be described as
being equipped to communicate via wireless communication
unless indicated otherwise.

Generally, it has been recognized that by tying all system 8
components together for control by a single controller 260, a
coherent and easy to administer IV delivery protocol can be
facilitated where the likelihood of inadvertent or malicious
mismedication can be appreciably reduced. To this end, as in
the single pump case of the systems described above, an
important aspect of system 8 is the concept of associating
various system components together and with a particular
patient 12. In system 8, this means that system devices iden-
tify each other as related to a particular patient and store
system identifications (e.g., ID numbers or addresses) for
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subsequent communication. Examples of how system 8
devices can be used together to facilitate the inventive func-
tions are instructive.

In a first example, assume that each of pumps 100a and
1004 have already been associated with patient 12 via one of
the processes indicated above (e.g., reading and storing
patient information from device 10) and that bags 140a and
140¢ are linked to patient 12 so that units 1084 and 108¢ are
delivering medicants to patient 12. Also assume controller
260 is a mobile controller which may be either a personal
computer, a personal digital assistant (PDA) or some other
hand held device (HHD).

When a physician enters patient 12’s room with controller
260, assume the physician wants to quickly determine the
status (i.e., delivery parameters) of medicants being delivered
to patient 12. Furthermore, assume a second patient (not
illustrated) is also located within patient 12’s room and that
the second patient is also-linked to two separate IV pumps
(also not illustrated) referred to hereinafter as the “other
pumps.” Moreover, assume that initially each pump providing
medicant to the patient 12 has already been associated with
the patient via storage of a patient ID 22 from device 10 or in
some other fashion so that patient information is stored in the
pump memory (e.g., 105 in FIG. 17). The other patient in
patient 12’s room will be referred to hereinafter as the “other
patient.”

An exemplary method 450 of obtaining and reviewing
infusion delivery parameters is illustrated in FIG. 35. In this
case, when the physician enters patient 12’s room, at process
block 451, the physician first uses controller 260 to identify
patient 12 and associate controller 260 temporarily with
patient 12. To this end, the physician places controller 260
proximate patient device 10 and obtains patient identifying
information (e.g., see patient ID number 22 in FIG. 2) there-
from. The step of obtaining information may take any of
several different forms (e.g., receiving a periodic “heart beat”
identification signal from device 10, reading information
from device 10, etc.) but preferably includes the physician
activating a button on keyboard 266 to excite device 10,
device 10 responding by transmitting the patient ID 22 and
perhaps other information to transponder 274 and controller
processor 620 receiving and storing the ID 22 in memory 622.

To minimize the possibility of the physician obtaining the
other patient’s 1D, signal transmission power for each of
controller 260, device 10 and other system 8 devices can be
limited so that communication is only possible over short
distances. In addition, as described above, all communica-
tions may be confirmed via indicators such as LEDs or other
visual or audible indications. At block 452, where no 1D is
received, controller 260 continues to query for the ID from a
proximate device 10. After several unsuccessful attempts to
obtain information from a device 10, controller 260 causes a
warning (e.g., activates an LED) indicating that information
cannot be obtained at block 461. Where a patient ID 22 is
received, at block 453 controller 260 stored the ID in memory
622 and is thereby temporarily associated with patient 12.

Next to complete the process of determining the status of
medicants being delivered to patient 12, the physician uses
board 266 to instruct controller 260 to identify all pumps
(e.g., 100q) that are associated with patient 12 and to obtain
current pump unit status information therefrom. When so
instructed, at block 454 controller 260 transmits via transpon-
der 274 a query to all pumps within the patient’s room where
the query identifies patient 12 (e.g., via ID 22) and requests
pump unit information. In addition to including the patient ID
and the type of information required, the query also indicates
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the specific controller 260 via a unique controller ID. The
controller ID may be a system 8 address.

Upon receiving the query from controller 260, each pump
100a, 1005 and the other pumps within the patient 12’s room,
compares the patient ID 22 in the query to the patient ID
stored in the pump memory 105 to determine if there is a
match. Where apump 100a, etc., is associated with patient 12,
the pump accesses the requested information (e.g., current
unit 108a status), formulates a response targeting the control-
ler 260 by controller ID where the response includes the
required information and also a separate system address (e.g.,
an ID number) corresponding to each pump unit (e.g., 108a)
associated with patient 12 and transmits the response to con-
troller 260. In addition, each pump 100a, 1005, etc. that is
associated with patient 12 may also store the controller ID
address in memory 105 to facilitate subsequent communica-
tions with controller 260.

At block 455, where no response to the query is received,
control passes to block 462 were controller 260 queries sev-
eral more times attempting to identify any pumps associated
with patient 12. Where no response results, at block 461,
controller 260 generates a warning indicating that the infor-
mation sought is not obtainable. Upon receiving a response at
block 455, controller 260 separates the responses according
to pump units (e.g., 108a) and stores the received information
along with pump unit identification information at block 456.
Thus, at this point, controller 260 is associated with specific
pump units and patient 12. The process of polling pumps to
identify pump units associated with patient 12 may be
repeated periodically (e.g., every five minutes) to reconfirm
association and also to identify additional units that have been
associated with the patient in the interim. Thus, if an addi-
tional medicant is linked to patient 12, when the polling
process is next repeated, controller 260 identifies the addi-
tional medicant and associates with the corresponding pump
unit.

It should be appreciated that the process of associating
various devices with a particular patient obviates the need to
store device addresses for subsequent communication. For
instance, upon receiving a query from controller 260 regard-
ing patient 12, if each pump associated with patient 12 gen-
erates a response indicating patient 12, controller 260 may be
programmed to receive and store only responses associated
with patient 12. As another instance, pumps may be pro-
grammed so that only pumps associated with the patient
identified in a query respond and in this case the responses
may not identify either the patient ID or the intended receiv-
ing controller. In this case controller 260 would be pro-
grammed to assume that all responding pumps are associated
with the patient 12, while certainly a less secure obtaining
protocol, this protocol is nevertheless contemplated by the
present invention. Control protocols are described in more
detail below.

In addition, in several embodiments, controller 260 orga-
nizes all received responses into formats that are easy for the
physician to read and provides the information at block 457.
Forinstance, referring to FIG. 27, an exemplary screen shot of
information that may be provided to a physician via screen
264 is provided. In FIG. 27, specific patient identification
information 222 identifying patient 12 is provided at the top
of the shot along with a current time. In addition, medicant
information identifying current medicant delivery status is
provided. The medicant information identifies each medicant
300 currently linked to patient 12 along with pump unit status
291 indicating current delivery rate. For instance, medicant
Greenicillin is currently being delivered to John Smith at a
rate of 0.7 mg./kg./min. while Redicillin is currently turned
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off. Also shown on FIG. 27 is a physician indicator (under the
date/time, i.e., in this case, “J. D. Anderson, R.N.”) indicating
a physician currently using controller 260.

Referring still to FIGS. 26 and 27, providing a single dis-
play 264 via a single controller 260 expedites the process of
determining medicant delivery status and minimizes status
confusion. Without a centralized controller, the physician
would have, at a minimum, had to confirm which pumps were
linked to patient 12 and determined the status of each separate
pump unit (e.g., 108a, 1085, etc.) by examining each of
several different pump displays (e.g., display 1235).

It is also contemplated that controller 260 may be used to
drill down further into information associated with each
pump unit (e.g., 108a) to identity additional delivery protocol
parameters. To this end, referring to FIGS. 26 through 28, a
physician may use board 266 to select one of listed medicants
300 thereby causing additional medicant information related
to the selected medicant to be provided via display 264. The
additional information may have been previously received by
controller 260 (e.g., during the initial query) or may be
obtained via another query to pumps 100a, 1005, etc. In any
event exemplary additional information 304 provides instruc-
tions regarding how to administer medicant Greenicillin. In
this example, the instructions indicate how rate of delivery
should be altered based on blood pressure BP and indicate
that the prescription was ordered by Dr. Craig.

It is further contemplated that controller 260 may be
employed to control pump units for modifying medicant
delivery. To this end, either board 266 or screen selectable
icons may be employed. In FIG. 28 exemplary control icons
include screen selectable icons or “soft keys” 306, 308 and
310. Icon 306 include up and down arrows which are sepa-
rately selectable to increase and decrease delivery of the
medicant currently displayed via screen 264, respectively.
Icon 308 is an “OFF” icon useable to temporarily turn off a
corresponding pump unit to halt medicant delivery. Icon 310
is a “DC” icon where DC stands for discontinue. When icon
310 is selected, the physician is indicating that corresponding
medicant delivery should be discontinued. Although not illus-
trated other keys for altering the duration of medicant delivery
are contemplated.

Other control icons and buttons are contemplated for
reporting other information. For instance, in addition to pro-
viding protocol instructions, a log of pump unit delivery
parameter adjustments may also be provided and observed.
For instance, referring to FIGS. 26, 27 and 29, using board
266, a physician may select Yellowicillin from the screen shot
in FIG. 27 to determine when Yellowicillin was discontinued
and who ordered the discontinuance. Upon selecting Yellowi-
cillin, the screen shot in FIG. 29 may be provided indicating
that Dr. Craig discontinued Yellowicillin at 11:55. In addition,
a command requesting that tubing be disconnected is also
provided. Here it is assumed that the pump unit linked to the
Yellowicillin bag includes a tube sensing switch 128 (see also
FIG. 17) or that system 8 requires a physician to manually
indicate that a tube is disconnected.

Referring to FIGS. 26, 26A and 37, an exemplary system
control sequence 470 is illustrated. When a control icon is
selected at block 471, controller 260 formulates a control
transmission at block 472 indicating the control command
and the unit (e.g., identification number or system address for
a unit 108a) for which the command is intended. Thereafter,
the transmission is transmitted at block 476 via transponder
274 to the pumps. Each pump receives the transmission and
determines if the transmission is intended for a unit controlled
by the pump at blocks 473 and 474. This determination is
made by comparing the unit address included in the transmis-
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sion with the address of each pump unit controlled by the
pump. The pump that controls the unit for which the trans-
mission is intended thereafter uses the command information
to alter the delivery parameters for the corresponding unit at
block 475.

To help guide a physician to perform various manual tasks
such as linking and de-linking medicant bags 104 from pump
units 108, controller transmissions may include instructions
for pumps to indicate a communication or pumps themselves
may be programmed to indicate specific information when a
controller communication is received as indicated at block
475. For example, referring again to FIG. 29, when a medi-
cant is to be discontinued, to guide a physician to disconnect
the IV line 150 linked to the medicant to be discontinued,
controller 260 may transmit a message to the pump including
the unit currently linked to the line to be disconnected
instructing the pump to cause an indicator (e.g., 124, 125,
123, 126, 182, etc.) on the unit to blink, light up, etc., to
indicate the time to disconnect. This unit specific indication
along with a display message (see again FIG. 29) to “Discon-
nect Tubing” clearly aids a physician in disconnecting the
appropriate line.

Referring still to FIG. 37, in at least one embodiment
pumps are programmed to confirm reception of commands.
To this end, at lock 481 the pump unit that carries out a
command generates and transmits a confirmation message to
controller 260. controller 260 monitors for the confirmation
signal at block 477. Where no confirmation signal is received,
at block 478 controller 260 control skips back to block 476
and transmits the control signal several more times. After
transmitting the control signal several times and not receiving
aresponse, controller 260 generates an alarm (e.g., audible or
visual) at block 480 indicating a failure to effect the com-
mand.

Referring again to block 477, when a confirmation signal is
received control passes to block 479 where controller 260
indicates a complete control command via display 264 or
some other confirming indicator.

In a similar fashion, controller 260 and associated pumps
may guide a physician in other manual processes. For
instance, referring to FIGS. 26 and 26A, assume two bags
140a and 140c¢ are linked to patient 12 and that a physician
wishes to link third bag 14056 to patient 12. In this case
transponder 1226 on pump 1005 may be used to read tag
information from tag 2006 on bag 1405. A pump processor
may determine that bag 1405 medicant is intended for patient
12, but may also determine that all pump units (e.g., unit
108d) controlled by pump 1005 are already being used. At
this point it is contemplated that pump 1005 formulates a
message to controller 260 indicating that the bag 1405 medi-
cant is to be provided to patient 12 but that pump 1005 is
currently unable to accommodate the other medicant.

Upon receiving the message, controller 260 determines if
other system pumps associated with patient 12 have excess
capacity (e.g., have a currently unused unit 108). This may be
accomplished by either checking a controller database (as-
suming previously stored information includes a listing of all
associated units) or querying associated pumps to identify
currently unused units. In any event, assuming controller 260
identifies unit 1085 as unused, controller 260, in at least one
embodiment, transfers tag information to pump 100a for use
in programming unit 1084. In addition, controller 200 causes
unit indicator 1255 to light up thereby indicating to the phy-
sician that bag 1405 should be linked to unit 1085. In some
embodiments, each unit specific indication (e.g., illumination
of'an indicator 125) is accompanied by a message via display
264 so that the action expected of the physician is clearly
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indicated. For instance, where indicator 12554 is lit up in the
previous example, the message “Connect bag to lit up unit”
may be displayed via screen 264.

Referring still to FIGS. 26 and 26A, in yet other embodi-
ments the components described above may be used to facili-
tate other inventive methods. For instance, controller 260 may
be associated with a specific physician so that monitoring and
control security functions can be facilitated. Thus, each phy-
sician may have his/her own PDA controller 260 or, in the
alternative, may be temporarily associated with a controller
260 during a shift. One way of temporarily associating a
physician with a controller 260, referring also to FIGS. 3 and
4, is to have each physician check out a controller 260 upon
making rounds to visit patients. In this regard, upon checking
out a controller, physician information would be transferred
from a device 40 to the controller 260 for storage therein. By
way of the transferred information various levels of monitor-
ing and control authorization could be supported.

For instance, assume again that a physician wishes to
monitor medicants currently being delivered to a patient and
also assume that only physicians that work within a specific
wing of a medical facility are allowed to monitor patient
medicants. In this case, referring again to FIG. 26, after the
physician associates controller 260 with patient 12, when the
physician requests information from pumps 100 associated
with patient 12, the request may include physician identifica-
tion information. Upon receiving such a request, each pump
processor (e.g., 104 in FIG. 17) may compare the physician
identifying information with information corresponding to
physicians that have monitoring authority. In the present case
physicians with monitoring authority include all physicians
routinely working within the specific wing of the medical
facility.

Where the requesting physician has authority to monitor
medicant delivery, receiving pumps provide the requested
information so that a display screen shot similar to the screen
shot illustrated in FIG. 27 can be generated. However, if the
requesting physician does not have monitoring authority,
either the pumps 100 would not respond or the pumps would
respond by indicating that the physician lacks monitoring
authority, a suitable rejection message being displayed via
display 264 or via a pump display (e.g., 1235).

In a similar fashion, system 8 may allow a physician to
monitor medicant delivery without modifying delivery
parameters. For instance, assume only one particular physi-
cian working each shift has authority to alter infusion param-
eters. Also assume that each pump 100a, 1005, etc., stores an
indication, along with other information, identifying the phy-
sician that has authority to alter delivery parameters. Then,
each time any physician attempts to alter delivery parameters
for a medicant, the message transmitted by controller 260
would include a physician identification. The receiving pump
processors in this case compare the received physician iden-
tification with the physician identification that indicates the
physician authorized to alter parameters and only changes
parameters if the identifications match. Again, when identi-
fications do not match the pumps may send suitable messages
back to controller 260 for display to the physician.

In addition to controller 260 querying pumps 100a, 1005,
etc. for information regarding corresponding units, it is con-
templated that pumps 100aq, etc., may automatically provide
information related to pump unit conditions and manual
pump setting modifications. For instance, referring again to
FIG. 26, if a new medicant is to be linked for delivery to unit
108¢, upon obtaining medicant information from a bag tag
200 via either transponder 122 or sensor 160 and associating
the medicant with unit 108¢, pump 100¢ may transmit a
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message to controller 260 indicating that a medicant is to be
added to the regimen for patient 12. It is contemplated that
controller 260 uses the information in the received message to
associate controller 260 with pump unit 108¢ and facilitate
functions as described above.

The associating process may include a safety function
wherein, when a change in infusion regimen is initiated at a
pump unit (e.g., unit 108¢), controller 260 requires confirma-
tion that the change is requested by an authorized system user
(e.g., a credentialed system operator). To this end, when such
information is received by controller 260, controller 260 may
provide a prompt requiring the user who initiated the change
to identify herself. The prompt may include a blinking mes-
sage via display 264 instructing the user to perform various
authentication steps (e.g., instructions to place the physi-
cian’s badge (see FI1G. 3) proximate an RF field generated by
controller 260 so that identifying information can be
obtained). In addition, controller 260 may start a timer to time
out a period during which authentication must be completed
for controller 260 to authorize operation of the unit according
to the changed protocol. Where authentication is not success-
fully completed within the time out period, it is contemplated
that controller 260 would not allow the changed protocol to
begin, may provide another message via display 266 indicat-
ing that the change would not occur and may also log the
change attempt in a remote database for future consideration.

Similarly, assuming an entirely new pump is delivered to
patient 12°s bedside to accommodate delivery of another
medicant, when tag information including a target patient ID
is obtained from a medicant bag tag by the new pump, the
target patient ID information therefrom may be transmitted as
part of a query to determine if a central controller 260 has
already been associated with patient 12. Upon receiving the
transmitted message, controller 260 may then associate with
the new pump and establish communications for monitoring
and control purposes. Again, here, controller 260 may per-
form some type of authentication procedure to make sure that
the user attempting to add the pump and corresponding medi-
cant to the regimen is authorized to do so.

Moreover, referring again to FIGS. 17, 26 and 27, where
pump unit 108a includes a line sensing switch 128, when a
line is de-linked from the unit 108a, pump 100a may be
programmed to transmit a message to controller 260 indicat-
ing that the de-linking event has occurred. An exemplary
pump monitoring and control process is illustrated in FIG. 38
where, at blocks 483 and 485 an IV pump (e.g., 100a) moni-
tors linked IV lines. At block 485, when any unit IV line is
detached, pump 100 control jumps to block 486 where the
pump determines if at least one line is still linked to the pump
100. Where no lines are linked it is contemplated that the
pump may be programmed to disassociate with the patient so
that parameter settings for delivering medicant to the patient
are not mistakenly used to deliver medicant to another patient.
Thus, where no lines are linked to the pump 100 at block 486,
control passes to block 488 where the pump erases its entire
memory to disassociate the patient 12 and the pump. Con-
tinuing at block 489 pump 100 generates and transmits a
message to controller 260 indicating disassociation control
then passes to block 401.

Referring again to block 486, where at least one line is still
linked to a pump 100 unit but at least one line has been
detached, pump 100 erases the memory content from the
pump memory that corresponds to the detached line at block
487. This process ensures that the information corresponding
to the detached line is not inadvertently used to control deliv-
ery of some other medicant to the patient. Next, at block 490
the pump transmits a message to controller 260 indicating
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which of the lines has been detached. At block 491 controller
260 determines if the sensed line detachment is consistent
with any previous orders or change orders that required dis-
continuance of the medicant that had been being delivered by
the detached line. This step may be performed in any of
several different ways including accessing a remote server via
network 272, comparison to a controller memory, etc. Where
the detachment is consistent with a previous order control
jumps to block 494 and controller 260 displays a message
indicating that the line has been detached and also, perhaps
indicating that a portion or all of the memory content of the
pump has been erased. At block 491, where the detachment is
not consistent with a previous order, controller 260 generates
an alarm and may provide a message via display 264 indicat-
ing inadvertent disconnection. To reconnect a detached line
an association process like those described above would have
to again be performed.

Referring still to FIGS. 26 and 26A, controller 260 may be
programmed to require specific timing between information
transfer events to ensure that stale and therefore potentially
inaccurate information is not used to program medicant deliv-
ery parameters. To this end processor 620 may include a timer
650 that generates a time stamp, referred to generally herein-
after as a time, for each of several time significant events with
processor 620 comparing event times to identify periods
between events and affect control as a function thereof. This
timing and control feature is provided to avoid various poten-
tially harmful medicating scenarios.

For instance, assume that prior to delivering medicant to a
first patient 12, patient 12’s device 10 is used to associate
controller 260 with patient 12. Also assume that prior to
linking pump units to patient 12, patient 12 is removed from
the room for some other medical procedure. Moreover,
assume that another patient is placed in patient 12’s initial
location and medicant earmarked for patient 12 is delivered to
the bedside of the other patient. In this case, when controller
260 attempts to determine if the medicant is meant for the
other patient, controller 260 erroneously determines that the
medicant should be delivered to the patient proximate to the
medicant (i.e., the other patient). Controller 260 then autho-
rizes delivery of the medicant to the other patient thereby
causing a mismedication to occur.

As another instance, a medicant A may be prescribed for a
patient and associated with the patient at a first time but not
delivered (i.e., infused) to the patient at the first time. There-
after, prior to a second time a physician may decide not to
deliver medicant A to the patient. Nevertheless, because of the
previous association at the first time the medicant may be
delivered at the second time despite the decision to forego
delivery. Other similarly potentially catastrophic or at least
troublesome scenarios abound and likely will occur routinely
as people come to rely more heavily on automated systems to
reduce human errors.

To minimize the likelihood of errors of the previously
described type, controller 260, in at least one embodiment, is
programmed to require that prior to facilitating delivery of a
medicant to a patient 12, both patient 12 presence and medi-
cant information be confirmed within a short time period of
each other. In addition, controller 260 may be programmed to
confirm that a delivery time and a prescribed time are proxi-
mate and that the delivery time and the times at which the
patient and medicant information are obtained are proximate
(i.e., within a threshold period). Referring to FIG. 39, an
exemplary timing method 496 is illustrated. Referring also to
FIGS. 26 and 26A, at block 497, controller 260 is used to
obtain information including a patient ID 22 from a patient
mounted identification device 10 on patient 12. When the
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information is obtained, controller 260 identifies the time and
stores the time as a first time T1.

Next, at block 498, controller 260 is used to obtain infor-
mation including both patient ID 222 (i.e., indicating the
patient for whom the medicant has been provided) and the
time to distribute the medicant 249 (see also FIG. 6) from a
bag tag (e.g., 200a). Also, at block 498, controller 260 iden-
tifies the time at which the medicant information is obtained
from the tag 2004 and records that time as a second time T2.

At block 500, controller 260 compares the patient IDs 22
and 222 to determine if the IDs are identical. Where the IDs
are different, control passes to block 503 and controller 260
generates an alarm indicating that the IDs are different and
that the medicant should not be delivered to patient 12. Where
the IDs 22 and 222 are identical control passes to block 505
and the timing method begins.

At block 505, controller 260 compares times T1 and T2
(i.e., the times at which IDs 22 and 222 were obtained from
devices 10 and 200a, respectively) and where the times are
separated by more than a first threshold period TL1, control
passes again to block 503 where an alarm is generated. Time
TL1 is a period that corresponds to a likely safe duration
between collection of IDs 21 and 222. For instance, an exem-
plary safe period TL1 may be 3 minutes. The alarm at block
503 in this case may indicate that period TL1 has been
exceeded and may request that the physician reobtain the
packet IDs 22 and 222 from devices 10 and 2004, respec-
tively.

Continuing, at block 503, when the time between collect-
ing IDs 22 and 222 is within period TL1, control passes to
block 506 where controller 506 determines if the time to give
medication 249 is proximate the current time. Where the time
to give medication 249 is not proximate (e.g., 20 minute
difference) the current time, control passes to block 503 and
controller 260 generates another alarm indicating the time to
deliver 249 and requesting that the physician either override
the time to deliver 249 or recollect the patient IDs 22 and 222
at a time closer to the time to deliver 249. Where the time to
deliver 249 is proximate the current time control passes to
block 499 where controller 499 authorizes activation of the
pump unit (e.g., 108a) linked to the medicant in bag A.

At block 501, controller 260 monitors for activation of the
pump unit linked to bag A. Here it is assumed that even after
authorization at block 499, pump 100a requires a physician to
activate pump 100a to begin delivery. For example, activation
may entail selecting an icon on controller screen 264 or a
button on board 266. Upon activation at block 502, controller
260 compares the activation time to delivery time 249 and
times T1 (i.e., the time at which ID 21 was obtained from
device 10)and T2 (i.e., the time at which ID 222 was obtained
from device 10). Where the activation time is more than a
second threshold period TL2 away from any of the times 249,
T1 or T2, control passes again to block 503 where controller
260 generates a warning that the above sequence should be
repeated. Where the activation time is within period TL2 of
times 249, T1 and T2, controller 260 activates the pump unit
108a to deliver bag A medicant to patient 12 at block 504.

Other ways, in addition to timing, are contemplated to
make sure that confirmation data corresponding to a proce-
dure is collected in a temporally proximate fashion and there-
fore to reduce the likelihood of mismedication. To this end,
where controller 260 is used to collect data from various
devices to initiate an infusion process, controller 260 may
require that all or a subset of data corresponding to the process
be collected during a single button activation cycle. For
instance, where selection of button 266 (see FIG. 26) causes
controller 26 to commence an authentication process, data
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collection from a patient wrist device 10 and a tag 200 on a
bag may have to be performed while button 266 remains
activated. Generally, the period over which a physician will
be able to comfortably activate a button 266 (i.c., continually
press a button 266) will only be a few seconds (e.g., 30-60
seconds) and therefore temporal proximity of data collection
from relevant devices will be likely. In these cases, processor
260 may provide a sequence of instructions to a physician
regarding collection sequence and, in the event that all
expected data is not collected during a single button activation
cycle, controller 260 may provide an alarm indication, (e.g.,
perhaps data collection instructions along with an audible
tone).

Any ofthe data collection limitations described herein with
respect to the controller 260 are also applicable to other data
collecting devices such as a physician’s badge. To this end,
referring again to FIG. 3, a badge 40 may be programmed to
enforce data collection timing rules where data must be col-
lected within a specific period or to enforce rules requiring
datato be collected during a single button action period or any
other similar rule type.

While unlikely, it is possible that IV lines could be de-
linked from one patient recipient and linked to another during
medicant delivery. To avoid this problem, controller 260, in
one embodiment, is programmed to obtain a confirming sig-
nal from device 10 periodically (e.g., every minute or two).
The confirmation signal may be obtainable via either a query
and a response or simply by monitoring for a “heart beat”
signal that is periodically (e.g., every minute) generated by
device 10.

While not illustrated, controller 260 may also be in com-
munication with a patient monitor or may be incorporated in
a patient monitor so that current vital signs can be displayed
and used to alter infusion delivery parameters. To reduce
distracting information, controller 260 may be programmed
to provide only vital signs related a physician’s standing
orders (e.g., blood pressure but not heart rate). Similarly, lab
results may be obtained via network 272 and presented were
appropriate.

Referring to FIGS. 26 and 26 A, when a physician’s order
requires a large volume of medicant to be delivered to a
patient often two or more medicant bags have to be used in
series to deliver the volume. Thus, a first bag may be used to
deliver a first half of a prescribed volume and a second bag
may be subsequently be used to deliver a second half of the
prescribed volume. In this case, it is contemplated that tags
200 on each of the first and second bags would include similar
medicant delivery information, at least with respect to medi-
canttype and/or parameter settings (e.g., rate of delivery, etc.)
and/or medication order numbers.

During medicant delivery, attending physicians often alter
delivery parameters as a function of how a patient is respond-
ing to a medicant. Thus, it is often the case that when a first
bag in a multibag delivery is depleted and a second bag is to
be linked to the patient for delivery, the most recent parameter
settings corresponding to the first bag will be different than
the settings prescribed on the tag 200 on the second bag. It is
also often the case that, based on how the patient responded to
the medicant in the first bag, the best delivery parameters for
the patient remain the parameter settings most recently set for
the depleted first bag.

An exemplary method 510 for dealing with delivery of
multibag volumes is illustrated in FIG. 40. Referring to FIGS.
26, 26A and 40, at block 512 controller 260 obtains and stores
the most recent parameter settings for a first of two bags that
together compromise a prescription as “current settings.” For
instance, if a delivery rate on a first bag tag prescribed 10
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ml./hr. and during delivery, the rate was cut back to 0.05
ml./hr., the most recent or current setting would be 0.05 ml/hr.
At block 514 the first bag is delinked from the pump and the
second of the two bags is presented for infusion. At block 516
controller 260 obtains the information from the second bag
tag including delivery rate. At block 518 controller 260 uses
the information received from the second bag to determine if
the second bag corresponds to the same prescription as the
detached first bag. Where the second bag is associated with a
different prescription than the first bag control passes to block
520 where controller 260 sets the delivery parameters to be
consistent with the second bag information. Then, at block
526 controller 260 authorizes delivery. Delivery authoriza-
tion may entail writing the settings to a corresponding pump
unit or simply sending an authorization signal.

If the second bag is associated with the same prescription
as the first bag, control passes to block 522 where controller
260 compares the second bag information (e.g., rate of deliv-
ery) to the current settings. In this case, because the initial
delivery rate for the first bag was 0.10 ml/hr. and the two bags
are part of one prescription, it is likely the second bag rate also
is 0.10 ml/hr. Thus, in the present case, at block 522 control
passes to block 527 where controller 260 either (1) sets the
current settings (i.e., the last recent settings for the first bag)
or (2) provides the second bag and current settings via screen
264 for selection. After the current settings are affirmed or
after the selected settings are affirmed at block 527 control
passes to block 526 where delivery of the second bag medi-
cant is authorized.

Referring again to block 522, where the second bag param-
eter settings are the same as the current settings control passes
to block 524 where the current settings are maintained and
then to block 526 where controller 260 authorizes delivery of
the second bag medicant.

Referring to FIGS. 6, 26 and 26A, where controller 260 is
linked to pumps 100a, 1005, etc., via a hardwire cable or the
like 255 and is also linked via network 272 to a server that
archives all standing infusion orders, it is contemplated that
patient identification information 222 may not be included in
bag tag memory content 220. Instead, upon associating with
apatient 12 via device 10 or in some other manner, controller
260 may obtain medicant delivery information from each of
linked pump units 108a, 1085, etc. and send the patient ID
information from device 10 and the delivery information to
the server for comparison to standing infusion orders. Upon
receiving the information from controller 260, the server can
then either confirm delivery of the medicants or, in the event
that the delivery information is inconsistent with standing
orders, may activate one or more indicators on controller 260,
pumps 1004, 1005 or pump units to alert the physician of the
error.

Referring again to FIG. 26, where tags 2004, 2005, etc. are
suitably configured, controller transponder 274 may be used
to obtain information directly from tags 200a, 2005, when
new bags are to be linked to patient 12. In this case, controller
260 may also be able to identify an available unit for use with
a new bag. An exemplary method for identifying an unused
unit is illustrated in FIG. 41. At block 562, pumps 100a and
1005 and controller 260 are associated with patient 12.
Assume that unit 108c¢ is currently unused and that a new bag
is provided for delivery to patient 12. When the new bag is
delivered to patient 12’s room, controller 260 is used to obtain
information from the new bag tag (e.g., 200) at block 564. At
block 566 controller 260 determines if the target patient (i.e.,
the patient specified for delivery by the read tag) is the same
as the patient associated with the controller 260. If the target
and associated patients are different control passes to block
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568 where controller 260 generates an alarm. Where the
target and associated patients are identical control passes to
block 570.

At block 570 controller 260 identifies units (i.e., at least
one unit) including unit 108¢, that are not currently being
used. Next, at block 572 controller 260 transmits a signal to
the pumps to cause at least one of the unused units (e.g., 108¢)
to indicate availability (e.g., unit 108¢ activates an LED 125
or the like). In addition, at block 574 controller 260 may
provide instructions to the physician to link the bag to the
indicated unit for delivery. Thereafter the physician links the
bag.

In some embodiments controller 260, while moveable,
may not be easily positioned proximate other system devices
to facilitate proximal communication. For instance, in some
embodiments controller 260 is in the form of a PC positioned
on a cart that can be transported to a patient’s room. In other
embodiments pumps 100a, 1005 may not include sensors
122a,122b, etc., for reading tag 200 information and may not
store extensive obtainable medicant delivery information. In
this case physician’s badge 40 may be used to collect infor-
mation from other system devices for use by controller 260.
For example, referring again to FIGS. 3, 4, 2, 26 and 26A, to
associate patient 12 and pumps 100a and 1005 with controller
260, a physician may use device 40 to obtain patient ID
information from device 10 and also to obtain medicant infor-
mation from each of pumps 1004 and 1005 where the medi-
cant information includes patient ID information indicating
the patient for whom medicants linked to pump units (e.g.,
108a, etc.) has been dispensed. In addition, device 40 would
also obtain pump address or ID information from each of
several pumps. After collecting the aforesaid information it is
contemplated that the physician places device 40 proximate
transponder 274 and transfers the information to controller
260. Thereafter, controller 260 uses the received information
to associate with patient 12 and pumps 100a and 1005 and
establish control and/or monitoring.

In other embodiments pumps 1004 and 1005, etc., may not
be capable of reading tag 200 information (i.e., may lack
sensors 122a, 160, etc). Nevertheless, it would be desirable,
even in these cases, to be able to determine if patient infor-
mation on bag tags matches a patient 12 to which the medi-
cant in the bag is to be delivered. To this end, a four step
process or method referred to as the “A, B, C, D” method is
contemplated by the present invention. “A” is the step of
collecting patient information using a physician mounted
device 40 (see also FIG. 3), “B” is the step of collecting IV
bag information using a device 40, “C” is the step of collect-
ing pump identification information via device 40, and “D” is
the step of transferring the collected information to controller
260 along with, in at least some embodiments, the identity of
the physician. By repeating these steps (the order of “A”, “B”,
and “C” can be intermixed) a physician has a repeatable
process that can be executed to collect data necessary to
ensure that patients receive correct medicants in the correct
doses and at the correct times.

Referring to FIG. 42, a flow chart 580 consistent with the
ABCD method is illustrated. At process block 582 physician
identification device 40 is used to read at least a portion of
memory contents 20 from a patient identification device 10
(Step A) and stores the information including patient ID 22. In
addition, optionally, device 40 also determines the time at
which the ID 22 is obtained from device 10 and store that time
as first time 68 (see also FIG. 4).

Next, at block 584 device 40 is used to collect (Step B) tag
information including target patient ID 222 and time 249 to
distribute the medicant in a bag 200, determines the time 69 of
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obtaining this information and then stores this information. At
block 586 device 40 is used to collect (step C) pump infor-
mation including a pump identification number 130 and per-
haps currently set operating parameters from memory 105
and, optionally, identifies the time 251 at which the pump
identification number is received and stores that information
in contents 60 (see FIG. 4).

After completing each of steps A, B and C, the physician
then positions badge device 40 proximate controller 260 and
transfers (step D) the collected data thereto after which con-
troller may perform any of the several different functions
described above.

It should be appreciated that where controller 260 is hard-
wired to other system devices via an intranet or some other
similar network, device 40 may be used to remotely facilitate
monitoring and/or control of medicant delivery to a patient.
For instance, referring still to FIG. 26, assume controller 260
is located at a nurses station and that a physician wants to
monitor medicant delivery to a particular patient 12 at the
nurses station via controller 260 after the physician has com-
pleted his rounds. Upon visiting patient 12, the physician may
collect information from each of device 10 and pumps 100a
and 1004 for associating purposes. Upon returning to the
nurses station the physician can cause the collected informa-
tion to be transferred to controller 260 thereby causing con-
troller 260 to establish communication with hardwired pumps
100a and 1005 via their network addresses. Versions of this
feature are also contemplated in a wireless environment.

Referring yet again to FIGS. 26 and 26 A, where controller
260 is linked or linkable to a network 272, in addition to
facilitating remote monitoring, controller 260 may also facili-
tate remote control of units 108a, 1085, etc. For instance, a
physician at a remote station may be able to link to controller
260 to obtain all of the information described above. In this
case, whenever a remote controller is used to monitor/control,
any changes to parameter settings may be conveyed to the
remote controller via network 272. In addition, remotely
modified parameter settings may cause any of the associated
pump and unit indicators (e.g., 125a) to indicate a modifica-
tion.

E. Verifying Medication Order

Sometimes, between the time a medicant is dispensed by a
pharmacist for delivery to a patient and the time the medicant
is actually delivered, a physician may cancel or modify the
corresponding prescription. This is particularly true in cases
where the time between dispensation and delivery is a rela-
tively long period for some reason. In these cases, to avoid
delivery of medicant pursuant to a stale order, the present
invention contemplates a method and system for verifying
that information on a bag tag (e.g., 200a) used to program a
pump unit is current.

To this end, referring to FIG. 31, an exemplary system
includes a physician ID badge 40 worn by a physician 600, a
conventional computer terminal 610, a medicant bag 200 with
atag 140, aremote server 630, a database 632 and a controller
260. Many of the components in FIG. 31 are similar in con-
struction to those described above and therefore will not be
described again here in detail.

Computer terminal 610, controller 260 and server 630, as
illustrated, are all linked via network 272. Computer terminal
610 includes, among other things, a screen 614, a processor
612, a data entry device 616 (e.g., keyboard, mouse, etc.), and
communication devices 618 and 620. Device 618 is used to
communicate with physician identification device 40 and
device 620 is used to communicate with tag 200. In some
embodiments devices 618 and 620 may comprise a single
device (e.g., a transponder of some type). In FIG. 31 is it

5

20

25

30

35

40

45

50

55

60

65

40

assumed that current prescriptions for facility patients are
stored on database 632 and are accessible by server 630.

Referring also to FIG. 43, an exemplary verification
method 700 is illustrated. At block 702 a physician 600 logs
onto the hospital network via terminal 610 by entering a
password or by activating physician identification device 40
to transmit a wireless password (encrypted or not) to device
618. At block 703 tag 200 is read by terminal 610 via com-
munication device 620. Referring also to F1G. 6, patient infor-
mation 222 and dispensed medication delivery information
230 is transferred to server 630 at block 704. Server 630
compares a current prescription list for the target patient to the
dispensed delivery information to determine if the medication
in the IV bag is to be given to the target patient at block 706.

If the medication is to be given to the target patient, termi-
nal 610 sets an order verified flag 248 in tag 200 along with the
current time at block 709. Where tag 200 does not include an
electronic memory but instead includes printed indicia, a
printer (not illustrated) may be provided to record the order
verified flag and time on a label that is attached to IV bag 140.

Referring still to FIG. 43, at block 706, where the dis-
pensed delivery information (i.e., the information read from
bag 140) is not identical to at least one current prescription for
the target patient, control passes to block 705 where server
630 determines if the difference between the dispensed deliv-
ery information and at least one of the currently prescribed
medicants is only with respect to delivery parameters. For
example, a tag may indicate Yellowicillin@0.10 ml/hr. and
one of the current prescriptions for the target patient may be
Yellowicillin@0.15 ml/hr. Where there is not at least a medi-
cant match, control shifts to block 712 where server 630
generates an alarm (e.g., visual indication on screen 614)
indicating the mismatch. In addition, it is contemplated that,
at least in some embodiments, a prescription archive to iden-
tify if a prescription corresponding to the dispensed delivery
information from tag 200 has been recently canceled and can
then indicate cancellation information including physician
1D, date, time, etc., via display 614.

Where the only difference between the dispensed delivery
information and at least one prescription for the target patient
is in parameters (i.e., there is a medicant match), at block 713
server 630 provides the dispensed delivery information and
the similar prescription information via screen 614 for the
physician to select. At block 707, where the physician accepts
the prescription information, terminal 610 replaces the dis-
pensed delivery information on the tag with the prescription
information. Next control passes to block where a verity flag
or indication is set on the tag 200 along with the current time.

Referring again to block 707 and also to block 710, where
the physician does not accept the prescription information but
does accept the dispensed delivery information, control
passes to block 709 where, again, a verify flag indication is set
on tag 200 along with the current time.

Referring yet again to block 710, if the physician elects not
to accept either the current or selected information, control
passes to block 711 where terminal 614 renders the tag infor-
mation useless. In the case of an electronic tag, this rendering
may include erasing the tag 200 memory. In the case of a
printed tag, this rendering may include printing a “VOID”
label to be placed over the tag indicia and instructing the
physician to place the label over the indicia via display 614.

Although not illustrated in FIG. 43, a physician may decide
that a medicant in bag 200 is to be given to the patient but that
the physician wants to prescribe delivery parameters that are
different than either of the dispensed delivery information or
similar prescription parameters. Here it is contemplated that,
after block 710, in at least one embodiment, the physician is
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able to use terminal 610 to modify delivery parameters, cause
the modification to be made on tag 200 and also set a verify
flag identifying the verify time on tag 200.

Referring now to FIG. 48 an exemplary method 718 for
employing verification flags to avoid stale delivery param-
eters is illustrated. Referring also to FIGS. 26 and 26A, at
block 720 a bag 2004 arrives at patient 12°s room for delivery
and, prior thereto, a physician causes pump 100a to obtain the
dispensed delivery information from tag 200q including the
verification flag and corresponding time 248 and the time 232
at which the medicant in bag 200a was dispensed.

At block 722 pump processor 104 determines if the dis-
pensed time is within a threshold time period Th1 (e.g., 30
minutes) of the current time. Where the dispensed time 232 is
within the preceding period Th1, control passes to block 730
where pump 1004 continues the delivery process as described
above. Where the dispensed time 232 is prior to the preceding
Th1, control passes to block 724 where processor 104 deter-
mines if the verify flag has been set. Where the verify flag has
not been set control passes to block 728 where pump 100«
generates an alarm and may indicate that the physician should
take steps (e.g., perform process 700 in FIG. 43) to verify that
the tag information is still accurate.

Where the verify flag has been set at block 724, control
passes to block 726 where processor 104 determines if the tag
verify time is within threshold period Th2 of the current time.
Again, where the tag verify time precedes Th2 of the current
time control passes to block 728 where processor 104 gener-
ates an alarm requesting verification. Where the tag verify
time is within Th2 ofthe current time control passes to block
730 and the delivery process continues.

According to another version of the verification process
described above with respect to FIGS. 43 and 48, instead of
setting both a verification flag and a separate time indication
on a tag, the flag may take the form of a verification time to be
used subsequently. In addition, it should be appreciated that
where period Th1 is set to a small period the system can be
used to ensure that a verification process be performed every
time an infusion process is to be initiated.

While the verification processes (see FIGS. 48 and 43) are
described above as being performed by server 630 and pump
and pump 1004, the processes may be performed in whole or
in part by either a physician’s identification device 40 or
controller 260. With respect to embodiments where physi-
cian’s device 40 performs verification, dispensed delivery
information may be obtained by device 40 from tag 200 and
device 40 may communicate with database 632 to determine
if tag information is accurate. Where accurate information is
confirmed, device 40 may then subsequently be used to
authorize medicant delivery via a transmission to pump 100q.

In the alternative, referring still to FIG. 31, server 630 may
verify tag information but may then set a verify flag on phy-
sician device 40 which is subsequently used at delivery time
by device 40 to perform a verification process akin to the
process in FI1G. 48.

Referring yet again to FIG. 31, where controller 260 per-
forms the verification processes, the processes are very simi-
lar to these illustrated in FIGS. 48 and 43 except that the
physician logs onto controller 260 at step 702 instead on
terminal 614 and controller 260 needn’t obtain tag delivery
information a second time at block 720 because controller
260 already presumably has that information stored. In addi-
tion, in this case, controller 260 may set an internal verifica-
tion flag for a particular bag and therefore would not have to
set the verify flag or alter other information on the tag 200.

Moreover, where controller 260 performs verification,
independent of any other verification processes performed by
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either controller 260 or other system devices prior to the time
of delivery, controller 260 may perform a final verification
process by transmitting delivery parameters for correspond-
ing medicants to be delivered to a server 630 causing the
server to either authorize delivery or generate an alarm as a
function of comparing the delivery parameters to current
prescriptions for the patient. In this manner any change to a
standing order, even if the change occurred a few seconds
prior to an attempt to deliver a medicant, would be identified
and considered by the physician.

F. Wireless Communication and Limitations on Controller
260 Functionality

While some limitations and features have been described
above that help to ensure that controller 260 and other system
devices are communicating with other intended devices (e.g.,
LED activation, minimal wireless communication power so
that communications are only between proximate devices,
etc.) and ensure that delivery changes are affected for the
appropriate patient, additional limitations and features are
contemplated. For instance in some cases where controller
260 is portable, e.g. on a push cart, carried, or on a trolley, and
where controller 260 is able to receive and review information
on several patients, a split communication channel 255 pro-
tocol may be used. For example when controller 260 is only
receiving and displaying information from an IV pump 140
attached to a patient, channel 255 may be adjusted to use a
relatively high power or may be networked via a 802.11,
Bluetooth or other network. However, for controller 260 to be
able to adjust the flow rate 292, duration 293, dose 294, etc.
communication channel 255 may be set to operate at a low
power setting only or may operate on a different local chan-
nel, e.g. infrared (IR) or acoustic transmissions) thereby
ensuring that controller 260 is only in communication with
proximal IV pumps 100.

Another limitation that can be placed on controller 260 is
that prior to changing any pump delivery parameter, a portion
of memory contents 20 from patient identification device 10
(see FIGS. 1 and 2) be obtained via transponder 122. Alter-
nately, a portion of memory contents 20 may be obtained or
required to be obtained episodically, (e.g. every 2 hours since
the last time controller 260 was in communication with an IV
punip).

Similarly, prior to using a portable controller 260 or a
conventional PDA (e.g., 40) to read a portion of memory
contents 280 from a pump 100, it may be required that the
device (i.e., 260, 40) be used to obtain a portion of contents 20
from a patient device 10 so that the contents can be compared
to similar information stored in pump to ensure that the pump
information displayed corresponds to the specific patient to
read a portion of memory contents 20.

G. Alternate Pump Configuration

Referring now to FIG. 26, it should be appreciated that
controller 260 may be used to control virtually all aspects of
pump operation and to monitor virtually all aspects of pump
operation. For this reason, pumps 100a, 1005, etc. do not
necessarily require their own screens (e.g., 123a) or complex
keypads (e.g., 106a) for data input and parameter adjustment.

Referring also to FIG. 32, a simplified pump assembly
100c¢ is illustrated which includes a pump model 402 and a
communications module 406 attached thereto. Referring also
to FIGS. 17 and 34, modules 402 and 406 include many of the
components that were included in pump 100, similar compo-
nents identified by similar numbers. Most of the components
of FIG. 34 are similar to the components of FIG. 17 and
therefore will not be explained again here in detail.

One distinction is that combined modules 402 and 406
include only a single pump assembly 108. Another distinction
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is that modules 402 and 406 do not include a display and also
have an abbreviated physician input device comprising one or
a small number of buttons 106. This limited user interface
prevents a physician from using pump 100 to alter and moni-
tor delivery parameters with the exception of emergency
function (e.g., stop and start) that may be facilitated via but-
tons 106. In this case controller 260 is used to monitor and
control via channel 255 and/or transponder 122¢. In one
embodiment module 406 is an integral part of module 402.

It has been recognized that there may be instances wherein
a patient linked to a pump 100¢ may have to be transported
within a facility and therefore may not always be proximate a
controller 260. In these cases it would be disadvantageous if
there were no way to monitor and control IV pumps 100c
linked to the patient during transport.

To facilitate monitoring and control during transport it is
contemplated that, at least in one embodiment, communica-
tion module 406 may be detachable from pump module 402
and a transport controller module 408 may be attachable in its
stead. To this end, communication module 406 includes a
communication processor 407, a channel 255 and a transpon-
der 122¢ that are separable from pump module 402. Referring
still to FIG. 34 and also to FIG. 33, a transponder control
module 408 includes a control processor 409, a display 1234,
a control keyboard 1064 and a control transponder 1224. It is
contemplated that module 408 may be programmed to sup-
port virtually any of the functionality described above with
respect to controller 260. It is also contemplated after trans-
port, modules 408 would again be replaced by modules 406
and a controller 260 could then again be used to control and
monitor.

Referring again to FIG. 34, in yet one other embodiment
processor and memory 407 may be folded into processor 104
and memory 105 so module 406 only includes transponder
122¢ and/or channel 255. In addition, where module 406 is
integral with module 402, an attachable control module 408
may simply include a display 1234 and enhanced control
keyboard 1064 to facilitate control and monitoring.

H. Physician Alerts and Charting with Staged Medication
Dosing

Referring again to FIG. 26, a medication 236 in an [V bag
(e.g., 140a) can have an initial dose to be delivered to patient
12 and one or more additional staged doses, e.g. start at 30
ml/hr and increase the rate by 30 mI/hr every hour up to a
maximum amount of 150 mI/hr. When pump 100a is pro-
grammed with a multi-step prescribed dosage 240 (see FIG.
6), it is common practice for pump 1004 to present an audible
alert prior to the time when a change is to occur. This alert is
referred to as a “nurse callback”™. The physician, when hearing
the alert, returns to pump 100a to press a key on keyboard 106
to accept the next scheduled dosing alteration. This practice
requires the status of pump 100a and patient 12 to be verified
prior to affecting the change. While this procedure is good
practice, the procedure irritates patients who are awake with
extra audible alerts, increasing their general discomfort and
anxiety.

To assist physicians in verifying pump operation and
patient condition without the callback alert being presented,
referring again to FIG. 3, physician identification device 40
can be programmed to issue an alert via speaker 45 or indi-
cator 46 a few minutes prior to the callback alert being acti-
vated by pump 100qa. In some circumstances speaker 45 can
present a synthesized voice further indicting which patient is
to be attended to or indicator 46 can be in the form of an LCD
or other display showing the patient’s name or room number.

Identification device 40 can be programmed using three
different methods to present alerts prior to pump 1004 issuing

20

25

30

35

40

45

50

55

60

65

44

a nurse callback alert. First, pump 100a can be manually
programmed with a series of dosing steps using one or more
of buttons 106. As a convenience, commonly employed
staged dosing steps can be preprogrammed in pump 1004 for
manual selection. The dosing steps can also be read by pump
100a from tag 200. When pump 100q is started, the pump
100q transmits the times of one or more nurse callbacks, via
transponder 122 or via channel 255, to identification device
40. Identification device 40 then uses an on board clock to
determine when the first callback time will occur and presents
an alert to the physician prior to the callback time.

The second method of programming identification device
40 with callback times, is for device 40 to read tag memory
contents 220 directly and record the callback times in device
memory contents 60. To further determine when a callback is
due, identification device 40 can monitor when pump 100aq is
started via transponder 122 or channel 255 or in response to
pressing button 44.

The third method of programming identification device 40
to issue callback alerts is to use controller 260 to transfer the
callback times or time intervals for a medication to the device
40 via transponder 274.

Controller 260 can also be programmed to monitor when a
medication dosage is to be changed and can then issue a
message to a paging service via network 272 or other com-
munication channel (e.g., e-mail, etc.) for this purpose. The
pager message will indicate the patient and medication that is
to be changed. The message can be sent to a pager assigned to
aphysician for the healthcare unit the patient is in or to a pager
assigned to the physician who provided information 220 to
pump 100a or controller 260, e.g. a pager number stored in
memory contents 60 of physician identification device 40.

When IV pump 100qg is programmed with a multi-step
prescribed dosage 240 and a physician attempts to manually
change the dose via pump buttons 106 significantly earlier
than the time of the next prescribed stage, pump 100a can
present an alert using display 123, audible indicator 126, or
visual indicator 124. As an example a change may be signifi-
cantly early if less than 75% of the of the time or dose of the
current stage has been delivered.

Referring now to FIG. 44, when a physician attempts to
manually change a dose via controller 260 significantly ear-
lier than the time of the next prescribed stage change, con-
troller 260 can present a warning screen shot 800 via display
264 or another warning device. Exemplary screen shot 800
includes information related to the patient such as name 21
and ID number 264. In addition, shot 800 identifies the phy-
sician attempting to make the change 802 and the current time
804. The medicant for which the change is to be made is
identified 806 and the time of the next scheduled dose change
808 is provided. Moreover, two selections are also provided
to the physician. A first icon 810 (e.g., a check box) is pro-
vided that may be selected to accept the dose change imme-
diately. A second icon 812 (e.g., another check box) is pro-
vided that may be selected to select some time in the future at
which to affect the dose change. Each one of the icon selec-
tions clearly indicates that the physician (e.g., Dr. Craig in the
illustration) associated with the controller 260 is authorizing
the change. Where icon 812 is selected, controller 260
requires a time to be entered in a box 814 indicating the time
to alter. This process creates a complete set of physician notes
and an audit trail of any changes without any or with only
minimal data entry. The notes created can be printed via a
printer (not illustrated) that is accessible to controller 260 or
the notes can be transferred for storage to a database that is
part of network 272.
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1. Physician Charting Medication Titration

Referring again to FIGS. 6, 26 and 28, a medication in an
IV bag 140 can have a titration standing order 245 which is
usable by an attending physician to modify the dose being
delivered in response to a patient’s vital signs, laboratory
results, or condition. When a medication is being infused via
apump 100 and monitored by controller 260, any changes to
the dose that pump 100q is delivering are monitored. When
the changes are made at pump 100a. Requests can be pre-
sented via controller 260 for the physician to identify himself
and enter a note in an electronic chart regarding the change.
Likewise, when the changes are made via controller 260, the
physician can be requested to enter a note in the electronic
chart. In this case, the change can be sent to pump 1004 either
after the note has been entered or before.

To assist the physician, it is contemplated that the note can
be preformatted in part referencing the titration order 245 for
the medication related to the pump for which the change is
being made. For example, in FIG. 28, Greenicillin can be
increased when the patient’s blood pressure rises above 150
mmHg. Referring also to FIG. 45, when a physician uses
softkey 306 to increase the dose of Greenicillin, controller
260 can present screen shot 820 on display 264. Where con-
troller 260 monitors blood pressure, controller 260 can deter-
mine when Greenicillin infusion rate should be increased and
provide an indication thereof to controller 260. In this case,
note 822 is automatically created by controller 260 indicating
that when the dose is increased, the increase is due to an
increase in the patient’s blood pressure above 150. The phy-
sician only needs to enter the current blood pressure in box
824 and a time in box 826 to complete this entry for the
patient’s chart.

Referring again to FIG. 26, in some rooms the patient is
connected to one or more physiological monitors 830 with
displays 831 and optional indicators 834 having a purpose
similar to indicator 124a on pump 100a. Controller 260 in this
case may be in communication with monitor 830 via a com-
munication channel 255¢ or via wireless communication.
When channel 255¢ is a wired connection, monitor 830 is
automatically associated with the same patient as controller
260. When communication is via a wireless link, monitor 830
can be associated with a patient by equipping monitor 830
with a transponder 836 similar to pump transponder 122.
Transponder 836 can obtain a portion of memory contents 20
from patient identification device 10 which can be used to
associate monitor 830 with patient 12.

Here, where controller 260 broadcasts a message asking all
devices (e.g., pumps 100, monitor 830, and other treatment
devices) to identify themselves, each device transfers a com-
munication address that controller 260 can use to obtain
pump status or the patient’s physiologic measurements.
Alternately, physician identification device 40 can be used to
read a tag, similar to tag 131, affixed to monitor 830. The tag
would include a wireless channel address used by controller
260 to address monitor 830 to receive the physiologic mea-
surements for the patient. Indicator 834 can be activated
under circumstances when it is desirable to visually identify
that monitor 830 is addressed by controller 260, (e.g., when
controller 260 is receiving information from monitor 830 or
sending information to monitor 830). By visually identifying
monitor 830 a physician can verify that the addressed monitor
is in fact monitoring the patient associated with controller
260. In some instances indicator 834 can be replaced by a
message or graphic image presented on a display 831.

When controller 260 is associated with patient physiologi-
cal monitors (e.g., 830), controller 260 can obtain patient 12°s
blood pressure sensed by a transducer 832 from monitor 830.
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In this case, controller 260 can insert the current blood pres-
sure in box 824 in FIG. 45 for the physician to accept.

When the dose of Greenicillin is increased but the blood
pressure has not gone above the limit (150 mHg), controller
260 may be programmed to present a warning message indi-
cating that Greenicillin should not be increased. The physi-
cian can then authorize the increase independent of the titra-
tion requirements by entering the time in box 826.
Alternately, the physician can enter a text note in an “Other”
box 828.

If none of the notes or fields have an entry placed in them
within a period of time (e.g. 5 minutes), an audit note can be
created by controller 260 for entry into the patient’s chart or
aremote database. The audit note in this case may indicate the
dose change, time and, when changed at the controller, who
made the change. Similarly to the above process for staged
dose changes, this process creates a complete set of physician
notes and an audit trail of any changes with only minimal data
entry.

When titration of a medication is based on a change in a
patient’s laboratory results, other preformatted notes may be
presented on controller display 264 based upon whether the
dose is being increased or decreased and the nature of the
titration order, (e.g., when the dose is to be increased in
relationship to the patient’s urine analysis and the dose is
increased, the note can be formatted to allow the physician to
enter the urine analysis value(s)). When controller 260 is
attached to network 272, controller 260 may be programmed
to retrieve urine analysis results automatically and thereby
further format the note or to alert that the dosage should not be
increased.

Whenever controller 260 determines that an infusion rate
change should be made, in addition to indicating the change
locally via display 264 or some other indicator, controller 260
may also provide a networked indication similar to a call back
described above so that if there is no physician proximate the
controller 260 associated with a patient, the change request
does not go unnoticed.

Where controller 260 indicates that an infusion rate change
should be made but the physician associated with controller
260 is not around, a second physician may make the change
(if authorized) and either the controller 260 or a pump and the
second physician’s badge may record the change and the
second physician’s identification for subsequent record keep-
ing.

Similarly, when a dose is to be changed relative to the
physician’s perception of the patient’s condition, other notes
reflective of this titration order can be presented on controller
display 264.

J. Medication Route

Medication that is in IV bag 140 may be specified for
delivery via a specific route 569 (see FIG. 6) such as, for
instance, intravenous delivery or epidural delivery. While the
term IV bag has been used and commonly indicates a fluid
bag for intravenous delivery or fluids, medication for other
delivery routes can be packaged in containers that are similar
to an IV bag. Packaging medications that are to be delivered
via different routes in similar appearing packaging can cause
serious consequences if the physician assumes they can all be
delivered together or via the same route.

To prevent this, when medication is to be given to a patient
and is to be delivered via an unusual route (e.g., any non-
intravenous route), special questions and instructions can be
posed via the system interface devices that make sure the
physician is aware of special conditions and/or circum-
stances. For example, when controller 260 receives dispensed
IV medication information 230, controller 260 can check
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route 569 for a non-standard delivery type. Referring to FIGS.
26 and 46, when a non-standard route is detected, controller
260 can present screen shot 840 or another message as appro-
priate for the specific medication. The physician can be
requested to verify the delivery route and enter a confirmation
check mark in a verification box 842.

Similar checks can be performed to determine that an [V
bag containing a blood product is delivered via a pump that is
compatible with the delivery the blood product. This is impor-
tant as some pumps can damage the cellular structure of
certain blood products. The check can be performed manually
or by controller 260 receiving a code identifying the type of
pump as part of pump status 291 or pump identification num-
ber 130 and comparing it with blood product information
which is similar to dispensed IV medication information 230.

K. Adding Medication to IV Bag

Referring again to FIG. 16, in some instances it may be
desirable for a physician to add a medication to an IV bag 140
that is already delivering or will be used to deliver fluids to a
patient. Frequently, medication to be added to an IV bag 140
is dispensed into a syringe 850 (see FIG. 47). Syringe 850
includes a main body 852, a needle 854 and a plunger 856
with hydraulic seal 858. Syringe 850 includes a text label 860
affixed to it, allowing a physician to read the name of medi-
cation in syringe 850. Extended from label 860 is adhesive
label 862 with text 864 and or a bar code that also identifies
the medication in syringe 850. Label 862 is designed to be
pulled apart from label 860 along perforations 866 in a man-
ner similar to the labels described above.

The medication in syringe 850 is added to IV bag 140 by
removing a protective cap 867 and inserting needle 854 into
access port 868 following direction 869. Syringe plunger 856
is then pressed forcing the contents of syringe 685 into IV bag
140. Label 862 can be removed, a backing paper (not shown)
separated from label 862 and label 862 can be adhered to IV
bag 140 to clearly indicate the medication added to bag 140.

With care, this practice can be safe and efficient, but too
often in a busy care center mistakes are made. To increase the
safety of the procedure described above, memory device 870
can be attached to body 852 or syringe 850. Memory device
870 is similar to memory device 201 and the contents of
memory device 870 are generally similar to memory contents
220 (see FIG. 6). In general, similar items in memory device
870 will be referred to by the same numbers as those in
memory contents 220 with an apostrophe added. For
instance, medication name 236' is used to identify the medi-
cation in syringe 850. Memory device 870 can be read by
communication device 42 or an alternate sensor on physician
identification device 40.

Prior to injecting the contents of syringe 850 into IV bag
140, the physician can use identification device 40 to read the
memory of device 870 and memory device 201. When target
patient information 222 and 222' is available, identification
device 40 can compare the information to determine if the
medication in the syringe is for the same patient as IV bag 140
was dispensed for. If not, an alert is presented to a physician,
(e.g., via speaker 45 or other device for this purpose). In some
circumstances a check may be performed to determine if the
medication in syringe 850 is compatible with the fluid in IV
bag 140, (e.g., one medicant may cause another medicant to
precipitate out of the fluid), if the patient associated with bag
140 is allergic to the medicant in syringe 850, if the medicant
in bag 140 and syringe 850 are incompatible, etc. When there
is an incompatible situation, an alert can be presented to a
physician, (e.g., via speaker 45).

Whether the above comparisons were made or not (e.g. the
IV bag is a floor stock item and doesn’t have selected patient
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information 222), identification device 40 may also transfer
portions of memory contents 220' from memory device 870 to
memory contents 220 of device 200. By transferring this
information, prescribed dosage 240' for medication in syringe
850 can be transferred to memory 201. In addition, identifi-
cation device 40 may also be programmed to transfer portions
of updated memory contents 220 (composed of the original
contents plus portions of memory contents 220") to IV pump
100 or to controller 260. This allows prescribed dosage 240" to
be used in conjunction with quantity 234 to determine the
concentration of medication in IV bag 140 so a corresponding
pump can be programmed to pump the amount of fluid
required to meet the physician’s order.

Identification device 40 can also determine the time inter-
val between reading memory contents 220' and 220 and may
enforce timing rules similar to the rules described above. For
instance, when a time interval between readings exceeds a
limit (e.g. S minutes), an alert may be presented by speaker 45
or another device. This timing rule will prevent the physician
from accidentally injecting the syringe contents into a bag for
the wrong patient.

Ifidentification device 40 reads memory contents 220", but
not memory contents 220, when device 40 communicates
with pump 100 or controller 260 an alert that a possible error
has occurred can be generated by any of pump 100, controller
260 or device 40. When pump 100 has only a single line
attached to it, pump controller 260 may be able to use
memory contents 220'. However, when there is more than one
line attached to pump 100 or controller 260 is monitoring
more than one pump, memory contents 220' cannot be used to
control a dosage delivered by pump 100 without being pro-
vided with memory contents 220 or pump identification 130
and the IV line number.

In an alternate embodiment memory contents 220' can be
read by transponder 122 of IV pump 100 or sensor 268 of
controller 260. Pump 100 and controller 260, when already
associated with a patient, can determine if syringe 850 is
prescribed for the associated patient by comparing target
patient information 222' with the associated patient. The phy-
sician can select a pump and/or pump line through a manual
selection process by using a display 123 and buttons 106 or
display 264 and buttons 266. Either pump 100 or controller
260 can then use memory contents 220 previously recorded
and memory contents 220' to set or alter the pump delivery
parameters.

The verification process described above in the context of
syringe 850 may be performed by a pharmacist prior to dis-
pensing an IV bag. For instance, pharmacist’s at a facility, like
physicians, may each have a badge 40 (see FIG. 3) that can
verify that medicant in a syringe should be added to an IV bag,
the timing of the addition, etc., and which can create a record
of the addition including time, pharmacist ID number, target
patient information, etc., and which may also update infor-
mation stored in tag memory 201 to reflect verification time
and the content of the new bag solution prior to release.

In some situations memory device 870 can be a part of label
862, allowing memory device 870 to be removed from
syringe 850 and placed on IV bag 140. When memory devices
201 and 870 are RFID tags and are placed in the presence of
a strong enough field both can be read nearly at the same time.
When a weaker field is present, (e.g., from identification
device 40), the physician will have to perform two separate
reads to obtain information from both devices.

K. Server Based Embodiments

Referring again to FIGS. 6 and 26, it should be noted that
titration order 245 and other components of dispensed IV
medication information 230 can be obtained by controller
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260 via network 272. Memory contents 220, instead of
including information 230, can be restricted to prescription
order number 246 or another number used to identify the
medication treatment to be given. Controller 260, upon
receiving prescription order number 246, can access the
remaining components of dispensed IV medication informa-
tion 230 via network 272 from a hospital computer system
630 and database 632.

L. Ensuring Audit of Changes to Pump Operation

Referring to FIG. 26, when pump 100 is in communication
with controller 260 and any change is made to pump opera-
tion (new rate, duration, IV line 150 removed from pump,
etc), a pump status 291 message may be sent to controller 260
indicating the change. When a change is made, it is desirable
to have the physician that facilitates the change identify him-
self to controller 260 so that an audit trail can be maintained
for each change. The physician, by gaining access to control-
ler 260 (e.g. password entry or by using physician identity
device 40 to provide a wireless identification password com-
munication via communication device 42), within a period of
time (e.g. within 2 minutes) relative to the attempt to make a
change may be associated with the change. The physician can
be prompted for confirmation that he made the change and
given an opportunity to provide a reason for the change (e.g.,
new physician’s order). Instead of the controller based
prompt, the prompt may be provided to the physician via the
physician’s badge 40 and, where the physician authorizes a
change via her badge 40, the change may be noted by the
controller 260 and then be performed.

In the event that a physician does not use controller 260
within the above mentioned period of time, controller 260 can
present an audible alert requesting the physician to confirm
the change. If a different physician responds to the alert than
the one who made the change, the different physician may be
limited to indicating he is only responding to the alert and that
another physician actually made the change. Should this type
of unconfirmed activity occur frequently, administrative
management can receive messages to this effect via network
272.

M. Discontinued IV Medication

Referring again to FIG. 26, when an IV bag 140 is discon-
tinued at controller 260 (e.g., stopping a corresponding infu-
sion pump 100 or pump unit 108), controller 260 may monitor
communication channel 255 for a status message indicating
that the IV line 150 has been removed from pump 100 or
pump unit 108 or a message indicating that pump 100 is being
turned off. When controller 260 does not receive such a mes-
sage within a period of time (e.g., 3 minutes), controller 260
may activate an audible alert indicating that the IV medica-
tion is still attached to pump 100 or pump unit 108 and might
be administered again incorrectly to the patient. The physi-
cian can reset the alert by pressing a button 266 or by remov-
ing the discontinued IV line from pump 100 or pump unit 108
or by turning pump 100 off.

Similarly, when a pump is turned off or all medicants are
removed from a pump, the change can be reported to the
controller which may either disassociate from the pump or
request confirmation that disassociation should be per-
formed.

N. Pump Activation without Communication with Control-
ler 260

Referring to FIG. 26, when pump 100 and controller 260
are to be used together either pump 100 or controller 260 can
monitor for a situation where this is not the case. For example
pump 100, when running, can detect that a controller 260 is
addressing or communicating with it using communication
channel 255. If pump 100 detects that it is not in communi-
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cation with controller 260 or has lost communication for a
period of time (assuming it had been in communication pre-
viously), pump 100 may present an audible alert. A physician
responding to the alert can determine that pump 100 has not
been associated with controller 260 as previously described
or that controller 260 is no longer functioning properly and
should be replaced.

Alternatively, when pump 100 has not been associated with
a specific controller 260, pump 100 may be programmed to
send a general error signal using communications channel
255, indicating that no controller is monitoring its activity.
The general error signal can be detected by any controller 260
monitoring communication channel 255. When any control-
ler 260 receives this signal, the receiving controller may acti-
vate audible or visual alerts. A physician responding to this
alert can determine that the pump has not been properly
associated with a patient or controller 260 and correct this
situation. Similarly, pumps and controllers may be pro-
grammed to periodically communicate with an associated
patient identification device 10 to make sure a patient remains
present during infusion.

It should be understood that the methods and apparatuses
described above are only exemplary and do not limit the scope
of the invention, and that various modifications could be
made by those skilled in the art that would fall under the scope
of'the invention. For example, while an exemplary IV bag has
been discussed in the above embodiments, it should be under-
stood that inventions apply to other types of fluid or gas
containers, e.g. blood bags, syringe injectors, or gas car-
tridges.

In addition, while some embodiments described above
may not teach activation of indicators when one or more
devices are communicating, it should be appreciated that such
indicating is contemplated in all embodiments.

In addition, while a handful of different comparisons are
described above that facilitate safe and effective use of medi-
cants, other types are also contemplated. For instance, various
advances in the study of human genes have led to the realiza-
tion that certain medicants have minimal if any beneficial
value when used by specific patients. Thus, where genomic
information is accessible by a delivery system, as in the case
of allergy identification, genomic information comparison
may be facilitated to ensure that worthless medication is not
performed on patients.

Thus, it should be appreciated that a comprehensive deliv-
ery system for use in a medical facility has been described
which has been configured to reduce facility errors, provide
peace of mind to facility patients and physicians alike, to
automate record keeping and to increase overall facility secu-
rity. To this end, patient, physician medicant and equipment
identification devices including processors and suitable
medicants are delivered to patients in a timely fashion by
comparing various information types associated with each
system component and either enabling delivery or performing
some other health safety function.

To apprise the public of the scope of this invention, the
following claims are made:

What is claimed is:

1. A method for associating at least one medical device
with a controller that is remote from the medical device, the
method comprising the steps of:

using a plurality of device identifiers, each device identifier

uniquely associated with a specific medical device on a
communication network and uniquely identifying the
associated medical device, the identifiers including a
first device identifier that is associated with a first medi-
cal device on the communication network;
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using a portable data collector;

with the portable data collector spatially proximate the first
device identifier, obtaining device identifier information
from the first device identifier via the data collector;

permitting a transfer of the first device identifier informa-
tion from the data collector to the controller;

permitting the first device identifier information to associ-
ate the controller with the first medical device so that the
controller can communicate with the first medical
device;

such that the controller sends a first communication to the

first medical device and the first medical device receives
the first communication.

2. The method of claim 1 wherein the obtaining and per-
mitting a transfer of the first device identifier steps are via
wireless communication.

3. The method of claim 2 wherein the step of obtaining
includes at least one of reading reflected electromagnetic
energy, obtaining information from a radio frequency identi-
fier and receiving an infra-red transmission.

4. The method of claim 1 wherein first communication is a
wireless communication.

5. The method of claim 4 wherein the step of sending the
first communication includes the step of transmitting a con-
troller address of the controller within the communication
network.

6. The method of claim 4 further including the step of, in
response to the first communication, permitting the first medi-
cal device to perform a safety function.

7. The method of claim 6 wherein the first medical device
includes an indicator and the safety function includes activat-
ing the indicator.

8. The method of claim 6 wherein the first medical device
includes a transmitter and the safety function includes per-
mitting the first medical device to transmit a second wireless
communication responsive to the first communication.

9. The method of claim 8 wherein the second wireless
communication includes the status of the first medical device.

10. The method of claim 8 wherein the second communi-
cation is transmitted to the controller.

11. The method of claim 8 further including the steps of
permitting the storage of a first patient information set in the
first medical device indicating information related to a patient
for which the first medical device has been provided and
permitting the storage of a second patient information set in
the controller indicating information related to a patient and
wherein the step of permitting the device to perform a safety
function includes the steps of permitting the transfer of a
second wireless communication to the controller including
the first patient information set and comparing the first and
second patient information sets.

12. The method of claim 11 further including the step of
using an indicator on the first medical device and wherein the
step of permitting the device to perform a safety function
further includes the step of, when the first and second patient
information sets are different, activating the indicator.

13. The method of claim 6 further including the steps of
permitting the storage of a first patient information set in the
first medical device indicating information related to a patient
for which the first medical device has been provided and
permitting the storage of a second patient information set in
the controller indicating information related to a patient and
wherein the controller sends a first communication by trans-
mitting the second patient information set to the first medical
device, the first medical device receives by receiving the
second patient information set and wherein the step of per-
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mitting the first medical device to perform a safety function
includes comparing the first and second patient information
sets.

14. The method of claim 13 further including the step of
using an indicator on the first medical device and wherein the
step of permitting the device to perform a safety function
further includes the step of, when the first and second patient
information sets are different, activating the indicator.

15. The method of claim 13 wherein the step of permitting
the storage of the first patient information set on the first
medical device includes the step of storing the first patient
information set on an information device, the information
device being one of a medication delivery container, a patient
mounted device and a physician’s computing device, estab-
lishing a communication link between the information device
and the first medical device and permitting the transfer of the
first patient information set from the information device to the
first medical device.

16. The method of claim 15 wherein the information device
is an IV bag.

17. The method of claim 13 wherein the step of permitting
the storage the first patient information set on the first medical
device includes the step of using a medical device interface
and entering the first patient information set via the interface
device.

18. The method of claim 13 wherein each of the first medi-
cal device and the controller are system devices, the method
further includes the step of using at least a third system device
and wherein the step of permitting the storage of the second
patient information set on the controller includes the step of
permitting the storage of the second patient information set
onthe third system device, establishing a communication link
between the third system device and permitting transfer of the
second patient information set from the third system device to
the controller.

19. The method of claim 18 wherein the step of using the
third system device includes the step of using a patient
mounted device.

20. The method of claim 19 wherein the step of using a
patient mounted device includes using a wrist band.

21. The method of claim 13 wherein the step of permitting
the storage of the second patient information set on the con-
troller includes the step of using a controller interface and
permitting entry of the second patient information set via the
interface device.

22. The method of claim 4 wherein the device identifier
information includes a first medical device address and the
method further including the step of using the first medical
device address to send the first wireless communication.

23. The method of claim 1 wherein the first medical device
is an infusion pump.

24. The method of claim 1 further including the steps of,
after associating, permitting the controller and first medical
device to perform a health safety function.

25. The method of claim 24 further including the steps of
permitting the storage of a first patient information set in the
first medical device indicating information related to a patient
for which the first medical device has been provided and
permitting the storage of a second patient information set in
the controller indicating information related to a patient, the
first medical device and controller each being system devices
and the first and second patient information sets each being
identifying information sets and, wherein, the step of permit-
ting the controller and first medical device to perform a health
safety function further includes the steps of permitting a first
of the system devices to transmit a first of the identifying
information sets to a second of the system devices, receiving
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the first identifying information set at the second system
device and comparing the first and second identifying infor-
mation sets.

26. The method of claim 25 further including the step of
using an indicator linkable to the second of the system devices
and wherein the step of permitting the controller and first
medical device to perform a health safety function further
includes the step of, where the first and second identifying
sets are different, permitting the indicator to be activated.

27. The method of claim 1 wherein the obtaining step
includes using the portable data collector to read a bar code on
the first medical device and the step of permitting a transfer
includes wirelessly transferring the first device identifier
information.

28. The method of claim 1 further including the steps of
obtaining patient identification information indicating a
patient that is to be associated with the controller, permitting
the controller to be associated with the patient identification
information, providing medication information on a medica-
tion container, obtaining the medication information from a
medication container, using the medication information to
determine specific patient information for whom the medica-
tion was dispensed, permitting a comparison of the patient
identification information indicating the patient that is asso-
ciated with the controller and the specific patient identifica-
tion information and permitting a determination that the
patient identification information indicating the patient that is
associated with the controller is different than the specific
patient identification information and permitting an indicator
to be activated.

29. The method of claim 1 further including the steps of,
after the step of permitting the first device identifier informa-
tion to associate the controller with the first medical device,
permitting a communication wherein the first medical device
wirelessly transmits information to the controller.

30. The method of claim 29 further including the steps of
providing at least a second medical device that is not associ-
ated with the controller wherein, when any medical device
transmits information that is received by the controller, per-
mitting the controller to determines if the controller is asso-
ciated with the transmitting device and wherein the controller
only uses received information from associated medical
devices and ignores received information from devices that
are not affiliated with the controller.

31. The method of claim 1 wherein the device identifier
information of'the first medical device is first device identifier
information, the method further including the steps of pro-
viding a first indicator that is associated with the first medical
device, using a second medical device associated with second
device identifier information and a second indicator, obtain-
ing the second device identifier information via the data col-
lector, permitting a transfer of the second device identifier
information from the data collector to the controller and per-
mitting the controller to be associated with the second medi-
cal device so that the controller can communicate with the
second medical device, using the controller to select informa-
tion related to the first medical device and using the first
device identifier information to send a signal to the first medi-
cal device, permitting the the signal to be received by the first
medical device and using the signal to activate the first indi-
cator.

32. The method of claim 1 wherein the first medical device
includes an infusion pump, the method further including the
steps of permitting a signal to be transmitted from the infusion
pump to the controller indicating that the infusion pump is no
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longer operative and, when the signal is received at the con-
troller, permitting the controller to be disassociated from the
infusion pump.

33. The method of claim 32 further including the steps of,
prior to permitting a signal to be transmitted from the infusion
pump to the controller permitting the infusion pump to indi-
cate it is no longer operative, permitting a determination that
an infusion pump line is no longer connected to the infusion
pump, the step of permitting a signal to be transmitted from
the infusion pump including permitting a signal to be trans-
mitted the signal when the line is disconnected from the
infusion pump.

34. The method of claim 1 further including the steps of
using a patient identifier that includes patient identifying
information, using the data collector to obtain the patient
identifying information from the patient identifier and per-
mitting the transmission of the patient identifying informa-
tion to the controller.

35. The method of claim 34 further including the steps of
using at least a first medication container that includes medi-
cation information associated with a medication in the first
medication container, the medication information including
specific patient information indicating the patient for whom
medication in the container is prescribed, obtaining at least a
subset of the medication information from the first medica-
tion container using the data collector and permitting the
transmission of the at least a subset of the medication infor-
mation to the controller.

36. The method of claim 35 further including the steps of
using the medication information transmitted to the controller
to identify specific patent information indicating the patient
for whom the medication in the first medication container has
been prescribed, permitting a comparison that the patient
identifying information from the patient identifier and the
specific patient information and when the compared informa-
tion is different, permitting an indicator to be activated.

37. The method of claim 36 wherein the step of using the
medication information transmitted to the controller to iden-
tify specific patient information includes the step of permit-
ting the transmission of the medication information from the
controller to aremote computer and permitting the location of
the specific patient identification information by the remote
computer in a medication database.

38. The method of claim 1 including the steps of providing
a medication container with a medication identifier contain-
ing medication information, using the data collector to obtain
the medication information from the medication identifier,
permitting the transmission of the medication information
from the data collector to the controller and using the medi-
cation information to control the first medical device.

39. The method of claim 38 wherein the step of using the
medication information to control the first medical device
includes the steps of the permitting the controller to transfer
the medication information to a medication database, using
the medication information to identify medication control
information in the database, permitting the medication con-
trol information to be provided to the controller and permit-
ting the controller to use the medication control information
to control the first medical device.

40. The method of 1 wherein the first medical device
includes an infusion pump that includes at least first and
second pump assemblies and where the device identifier
information is first device identifier information associated
with the first pump assembly, the method further including
the steps of using second device identifier information for the
second pump assembly, obtaining the second device identifier
information, permitting the second device identifier informa-
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tion to be transmitted to the controller and the permitting
controller to use the first and second device identifier infor-
mation to monitor operation of the first and second pump
assemblies.

41. The method of claim 40 further including the steps of
obtaining with the data collector first and second medication
information from first and second medication labels associ-
ated with first and second infusion bags containing first and
second medications and permitting the first and second medi-
cation information to be transferred to the controller and
permitting determination that the first and second medica-
tions can be used together.

42. The method of claim 41 wherein the step of permitting
a determination that the first and second medications can be
used together includes permitting a determination that the
first and second medications are for the same patient.

43. The method of claim 1 further including the step of
permitting the controller to be associated with a patient.

44. The method of claim 1 further including the steps of
permitting at least two times to be identified when data
obtaining events occur, permitting a comparison that the data
obtaining times and when the duration between data obtain-
ing times for the events exceeds a threshold period, permitting
a health safety function to be performed.

45. The method of claim 44 further including the step of
obtaining at least one of medication information from a medi-
cation container and patient information from a patient iden-
tification device, the step of permitting an identification of at
least two times including permitting an identification of at
least two of:

the time at which the device identifier information is

obtained;

the time at which the medication information is obtained

from the medication container;

the time at which the patient information is obtained from

the patient identification device;

a prescribed time indicating the time prescribed for deliv-

ery of the medication to a patient;

an authorize activation time indicating when a device has

been authorized to deliver a medication to a patient; and

a delivery activation time indicating when an activation

command has been received to deliver a medication to a
patient via the device.

46. The method of claim 1 wherein the controller is located
in a location in one of a patient room where the first medical
device is located, a nurse station and a central location.

47. The method of claim 1 wherein the first medical device
includes at least first and second subassemblies and where the
method is for associating at least one of the first and second
subassemblies with a controller that is remote from the medi-
cal device wherein the step of providing a first device identi-
fier includes providing the first and second subassemblies
with first and second subassembly identifiers that includes
first and second subassembly identifier information identify-
ing the first medical device and the first and second subas-
semblies within a communication network, respectively;

the method further including the step of manually selecting

the first subassembly;

the step of obtaining the device identifier information

including, with the portable data collector spatially
proximate the first subassembly identifier, obtaining the
first subassembly identifier information via the data col-
lector;

the step of of permitting transfer including permitting a

transfer of the first subassembly identifier information
from the data collector to the controller;
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the step of permitting the device identifier information to

associate including permitting the first subassembly
identifier information to associate the controller with the
first medical device and the selected subassembly so that
the controller can communicate with the first medical
device;

the controller sending a first communication by sending a

first communication to the first medical device and the

first medical device receiving the first communication;
and

the method further including the step of permitting asso-

ciation of the communication with the first subassembly.

48. The method of 47 wherein the first medical device
includes an infusion pump that includes the first and second
pump assemblies corresponding to the first and second sub-
assemblies, the method further including the steps of with the
portable data collector spatially proximate the second pump
subassembly identifier obtaining the second pump subassem-
bly identifier information using the data collector, permitting
transmission of the second pump identifier information to the
controller and the controller using the first and second pump
subassembly identifier information to monitor operation of
the first and second pump assemblies.

49. The method of claim 47 further including the steps of
obtaining with the data collector first and second medication
information from first and second medication labels associ-
ated with first and second infusion bags containing first and
second medications and permitting transmission of the first
and second medication information to the controller and
determining that the first and second medications can be used
together.

50. The method of claim 49 wherein the step of determin-
ing that the first and second medications can be used together
includes determining that the first and second medications are
for the same patient.

51. The method of claim 1 wherein the first medical device
includes a first medical device identifier that can receive
information from the controller via the communication net-
work.

52. A method for associating at least one medical device
with a controller that is remote from the medical device, the
method comprising the steps of:

using a device identifier that includes device identifier

information identifying a medical device within a com-

munication network;

using a data collector to

obtain the device identifier information via the data collec-

tor;

permitting the transfer of the device identifier information

from the data collector to the controller;

permitting the device identifier information to associate the

controller with the medical device so that the controller

can communicate with the medical device;

obtaining at least one of medication information from a

medication container, patient information from a patient

identification device, and physician identification from a

physician identification device;

the method further including permitting at least two of the

following identifying steps to be performed:

(1) permitting an identification of the time at which the
device identifier information is obtained;

(ii) permitting an identification of the time at which the
medication information is obtained from the medica-
tion container; and

(iii) permitting an identification of the time at which the
patient information is obtained from the patient iden-
tification device; and
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the method further including the step of permitting a com-
parison of at least two of the identified times and when
the duration between the compared times exceeds a
threshold period, permitting a health safety function to
be performed.

53. The method of claim 52 wherein the permitting an

identification steps further include:

(iv) permitting an identification of an authorize activation
time indicating when a device has been authorized to
deliver a medication to a patient;

the method further including permitting at least a third one
of the identifying steps to be performed, the step of
permitting a comparison including permitting a deter-
mination that the duration between the at least three
identified times exceeds the threshold period, the health
safety function performed when the duration between
the compared times exceeds the threshold period.

54. The method of claim 53 wherein the identifying steps

further include:

(v) permitting identification of a delivery activation time
indicating when an activation command has been
received to deliver a medication to a patient via the
device; and

(vi) permitting an identification of a verification time indi-
cating when a medication verification process has been
completed;

the method further including permitting at least a fourth
one of the identifying steps to be performed, the step of
permitting a comparison including permitting a deter-
mination that the duration between the at least four iden-
tified times exceeds the threshold period, the health
safety function performed when the duration between
the compared times exceeds the threshold period.

55. The method of claim 53 wherein each of the step of
obtaining the device identifier information and the step of
obtaining at least one of the medication information and the
patient information includes reading a machine readable
label.

56. The method of claim 52 wherein the step of obtaining
at least one of medication information from a medication
container and patient information from a patient identifica-
tion device includes obtaining the information using the data
collector, the method further including permitting the transfer
of the obtained information to the controller.

57. The method of claim 56 wherein the step of permitting
at least two identifying steps to be performed to identify at
least two times includes identifying the at least two times
using the data collector, the method further including the step
of permitting the transfer of the at least two times to the
controller.

58. The method of claim 52 wherein the step of permitting
a health safety function to be performed includes permitting
one of the data collector and the controller to transmit a signal
to the medical device to disable the medical device.

59. The method of claim 44 wherein the step of permitting
a health safety function to be performed includes activating
an indicator at one of the data collector, the medical device,
and the controller.

60. The method of claim 44 wherein the permitting an
identification of steps that may be performed in step (b)
further include:

permitting an identification of a prescribed time indicating
the time prescribed for delivery of the medication to a
patient.

61. A method for using a data collector to obtain informa-

tion and determine that the information has been obtained
within a threshold period of time comprising the steps of:
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(a) obtaining at least two of medication information from a
medication container, patient information from a patient
identification device and device identifier information
corresponding to a medical device within a communica-
tion network;

using a data collector;

(b) the method further including performing at least two of
the following identifying steps:

(1) permitting an identification of the time at which the
device identifier information is obtained;

(i1) permitting an identification the time at which the
medication information is obtained from the medica-
tion container; and

(iii) permitting an identification the time at which the
patient information is obtained from the patient iden-
tification device; and

(c) the method further including the step of permitting
comparison of at least two of the identified times and
when the duration between the compared times exceeds
a threshold period, performing a health safety function.

62. The method of claim 61 wherein the identifying steps
performable in step (b) include:

(iv) permitting an identification of an authorize activation
time indicating when a device has been authorized to
deliver a medication to a patient;

the method further including permitting performance of at
least a third one of the identifying steps, the step of
permitting comparison including determining when the
duration between the at least three identified times
exceeds the threshold period, the health safety function
performed when the duration between the compared
times exceeds the threshold period.

63. The method of claim 62 wherein the identifying steps

performable in step (b) include:

(vi) permitting an identification of a delivery activation
time indicating when an activation command has been
received to deliver a medication to a patient via the
device; and

(vii) permitting identification of a verification time indicat-
ing when a medication verification process has been
completed;

the method further including permitting performance of at
least a fourth one of the identifying steps, the step of
permitting comparison including determining when the
duration between the at least four identified times
exceeds the threshold period, the health safety function
performed when the duration between the compared
times exceeds the threshold period.

64. The method of claim 62 wherein each of the step of
obtaining the medical device address and the step of obtaining
at least one of the medication information, and the patient
information include reading a machine readable label.

65. The method of claim 62 wherein the step of obtaining
at least one of medication information from a medication
container and patient information from a patient identifica-
tion device includes obtaining the information using the data
collector, the method further including transferring the
obtained information to a remote controller.

66. The method of claim 65 wherein the step of permitting
identification of at least two times includes permitting an
identification of the at least two times using the data collector,
the method further including the step of permitting transfer of
the at least two times to the controller.

67. The method of claim 62 wherein the step of performing
a health safety function includes one of the data collector and
the controller transmitting a signal to the medical device to
disable the medical device.
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68. A method for using a data collector to obtain informa-
tion and determine that the information has been obtained
within a threshold period of time comprising the steps of:

using a data collector where the data collector collects

information from machine readable identifiers and com-
municates the information to one of a medical device
and a remote controller;

using the data collector to obtain at least two of medication

information from a medication container, patient infor-
mation from a patient identification device, physician
identification from a physician identification device and
device identifier information corresponding to a medical
device within a communication network;

the method further including performing at least two of the

following identifying steps:

(1) permitting identification of the time at which the
device identifier information is obtained;

(i1) permitting identification of the time at which the
medication information is obtained from the medica-
tion container; and

(iii) permitting an identification of the time at which the
patient information is obtained from the patient iden-
tification device; and

the method further including the step of permitting a com-

parison of at least two of the identified times and when

the duration between the compared times exceeds a

threshold period, performing a health safety function.

69. A method for associating at least one medical device
with a controller that is remote from the medical device, the
method comprising the steps of:

using a device identifier that includes device identifier

information identifying a medical device on a commu-

nication network;

using a portable data collector;

with the portable data collector spatially proximate the

device identifier, obtaining the device identifier informa-

tion via the data collector;

permitting a transfer of the device identifier information

from the data collector to the controller such that the

device identifier information is used

to associate the controller with the medical device so that

the controller can communicate with the medical device;

and

after the step of associating, at least one of the following

occurring:

the controller sending a first communication to the medical

device; and/or

(ii) the medical device sending a first communication

including the device identifier information to the con-

troller such that the controller uses the first communica-
tion when the received device identifier information in
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the first communication corresponds to the obtained
device identifier information.

70. A method for associating at least one medical device
with a controller that is remote from the medical device, and
one of a patient and a medication, the method comprising the
steps of:

using a device identifier that includes device identifier

information identifying a medical device on a commu-
nication network;

using a second identifier that includes second identification

information, where the second identifier is selected from
a patient identifier linked to a patient mounted device
and a medication identifier linked to a medication con-
tainer;

using a portable data collector, to

obtain the device identifier information and the second

identification information;

permitting a transferring of the device identifier informa-

tion and the second identification information from the
data collector to the controller;

permitting the use of the device identifier information to

associate the controller with the medical device and
associate the second identification information with
control information for the medical device so that the
controller can communicate with the medical device,
and

sending a first communication to the medical device

including at least a portion of the control information.

71. A method for associating at least one medical device
with a controller that is remote from the medical device, the
method comprising the steps of:

using a plurality of device identifiers, each device identifier

uniquely associated with a specific medical device on a
communication network and uniquely identifying the
associated medical device, the identifier including a first
device identifier that is associated with a first medical
device on the a communication network;

using a portable data collector;

with the portable data collector spatially proximate the first

device identifier, obtaining the first device identifier
information via the data collector;
permitting a transferring of the device identifier informa-
tion from the data collector to the controller;

permitting use of the device identifier information to asso-
ciate the controller with the first medical device so that
the controller can communicate with the first medical
device, and

such that the controller to sends a first communication to

the first medical device; and

the first medical device uses the first communication to

perform a medical function.
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