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INFUSION SYSTEM, DEVICE, AND METHOD HAVING
ADVANCED INFUSION FEATURES

TECHNICAL FIELD

The present application is generally related to the automated administration of
a medication therapy. More particularly, the present application is directed toward
configuring and managing delivery of medications in systems and methods that

include infusion devices.
BACKGROUND

Modern medical devices, including infusion devices, are increasingly being
controlled by microprocessor based systems to deliver substances such as fluids,
solutions, medications, and drugs to patients. A typical control for an infusion device
includes a user interface enabling a medical practitioner to enter a dosage of fluid to
be delivered, the rate of fluid delivery, the duration, and the volume of a fluid to be
infused into a patient. To deliver medications to the patient, an infusion device
typically includes a pump and a fluid delivery device such as a syringe, tubing,

section of tubing, or cassette.

Existing infusion devices, however, might be limited in various ways. As one
example, while multi-channel infusion devices might be able to deliver multiple
medications to a patient, these infusion devices might be limited in the number of
medications they can deliver and in their ability to interoperate with other infusion
devices of different types. As a result, existing infusion devices might not be suitable
or even capable of providing complex medication therapies involving multiple
medications delivered in particular sequences. Therefore a need exists for advanced
systems and devices for delivering substances to patients.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure may be implemented in certain parts, steps, and
embodiments that will be described in detail in the following description and
illustrated in the accompanying drawings in which like reference numerals indicate
similar elements. It will be appreciated with the benefit of this disclosure that the
steps illustrated in the accompanying figures may be performed in other than the
recited order and that one or more of the steps may be optional. It will also be

appreciated with the benefit of this disclosure that one or more components
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illustrated in the accompanying figures may be positioned in other than the disclosed
arrangement and that one or more of the components illustrated may be optional.

Furthermore a set of elements is intended to include one or more elements.

FIG. 1 depicts a schematic diagram of an example medication management
system including an example medical management unit and an example medical

device.
FIG. 2 depicts a schematic diagram of an example medical device.
FIG. 3 depicts an example of a single-channel infusion device.
FIG. 4 depicts an example of a multi-channel infusion device.

FIG. 5 depicts an example of a medical device including two infusion devices

that are associated with one another.
FIG. 6 depicts an example of a cassette kit for an infusion device.

FIG. 7 depicts an example user interface of an infusion device having multiple

lines.

FIG. 8 depicts a flowchart of example method steps for programming an

infusion to be delivered by an infusion device having multiple lines.

FIG. 9 depicts an example user interface at which the caregiver selects the

substance to be delivered during the continuous infusion.

FIG. 10 depicts an example user interface at which the caregiver selects the
concentration at which the selected substance should be delivered during the

continuous infusion.

FIG. 11 depicts an example user interface at which the caregiver selects the

dose and unit for the continuous infusion.

FIG. 12 depicts an example user interface at which the caregiver specifies the

value of the dose per unit for the continuous infusion.

FIG. 13 depicts an example user interface where the caregiver has selected

to specify a VTBI.

FIG. 14 depicts an example user interface at which the caregiver selects the

action the infusion device should perform upon completing the continuous infusion.
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FIG. 15 depicts an example user interface that displays the parameters of the

primary infusion currently being delivered by the infusion device.

FIG. 16 depicts an example user interface at which the caregiver may specify

the action to perform upon completion of a piggyback infusion.

FIG. 17 depicts an example user interface that displays the parameters of
both the primary and secondary infusions currently being delivered by the infusion

device.

FIG. 18 depicts a flowchart of example method steps for selecting a

medication.

FIG. 19 depicts a flowchart of example method steps for performing a safety

check for duplicate infusion substances.

FIG. 20 depicts a flowchart of example method steps for performing a safety

check for compatible infusion substances.

FIG. 21 depicts a flowchart of example method steps for specifying a dose for

the selected substance at the infusion device.
FIG. 22 depicts a flowchart of example method steps for specifying a VTBI.

FIG. 23 depicts a flowchart of example method steps for confirming an

infusion configured at the infusion device.

FIG. 24 depicts a flowchart of example method steps for converting a current

continuous infusion to one of the various advanced infusion types.

FIG. 25 depicts an example user interface of an infusion device at which the

caregiver may add a step to an infusion sequence at the infusion device.

FIG. 26 depicts a flowchart of example method steps for adding a new step to

a current infusion sequence at an infusion device.

FIG. 27 depicts an example user interface of an infusion device for changing

the line for an inter-channel sequencing infusion.

FIG. 28 depicts a flowchart of example method steps for ganging infusion

devices.
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FIG. 29 depicts a flowchart of example method steps for viewing and

manipulating the list of infusion steps configured for an infusion sequence.

FIG. 30 depicts an example user interface displaying a list of infusion
sequence steps for an infusion to be delivered by an infusion device.

FIG. 31 depicts an example user interface of an infusion device for displaying
the parameters associated with a step the caregiver has selected in the list of

infusion steps.

FIG. 32 depicts the user interface of FIG. 30 in which the caregiver has

selected one of the steps (step no. 4) in the list of infusion steps.

FIG. 33 depicts the user interface of FIG. 32 in which the caregiver has

dragged the selected step to the right to remove it from the list.

FIG. 34 depicts a flowchart of example method steps for converting a

continuous infusion to an intermittent infusion.

FIG. 35 depicts a flowchart of example method steps for specifying one or

more callback options.

FIG. 36 depicts an example user interface for cloning a current step of an

intermittent infusion.

FIG. 37 depicts a flowchart of example methods steps for configuring an

intermittent infusion.

FIG. 38 depicts a flowchart of example method steps for converting a
continuous infusion to an ‘infinite” flow infusion and configuring the “infinite” flow

infusion.

FIG. 39 depicts a flowchart of example method steps for configuring an

“infinite” flow infusion.

FIG. 40 depicts a flowchart of example method steps for an “infinite” flow

infusion.

FIG. 41A depicts an example user interface of an infusion device during an

“infinite” infusion flow.

FIG. 41B depicts another example user interface of an infusion device during

an “infinite” infusion flow.
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FIG. 42 depicts a flowchart of example method steps for selecting a

secondary infusion at infusion device.

FIG. 43 depicts an example user interface of an infusion device at which a

caregiver may select to configure an advanced infusion type.

FIG. 44 depicts a flowchart of example method steps for selecting an

advanced infusion type to configure at an infusion device.

FIG. 45 depicts a flowchart of example method steps for configuring a TPN

infusion at an infusion device.

FIG. 46 depicts a flowchart of example method steps for selecting a TPN

protocol at an infusion device.

FIG. 47 depicts a flowchart of example method steps for configuring a multi-

step infusion at an infusion device.

FIG. 48 depicts a flowchart of example method steps for configuring an inter-

channel sequencing infusion.

FIG. 49 depicts a flowchart of example method steps for selecting a pre-

defined inter-channel sequencing protocol.

FIG. 50 depicts an example user interface for selecting an inter-channel

sequencing protocol at an infusion device.

FIG. 51 depicts a flowchart of example method steps for performing safety

checks based on a selected inter-channel sequencing protocol.

FIG. 52 depicts an example user interface of an infusion device for listing and

selecting infusion devices to be used in an inter-channel sequencing infusion.

FIG. 53 depicts an example user interface of an infusion device displaying a

confirmation request to gang the infusion device to another infusion device.

FIG. 54 depicts a user interface of an infusion device for assigning infusion

lines to steps of an inter-channel sequencing infusion.

FIG. 55 depicts a flowchart of example method steps for configuring the steps

of an inter-channel sequencing infusion.



10

15

20

25

WO 2016/141012 PCT/US2016/020355

FIG. 56A depicts a user interfaces that include a visual indicator to identify the

infusion device as a master or slave infusion device.

FIG. 56B depicts another user interfaces that include a visual indicator to

identify the infusion device as a master or slave infusion device.

FIG. 57 depicts an example of a possible inter-channel sequencing infusion

that may be implemented utilizing the infusion devices described herein.

FIG. 58 depicts a flowchart of example method steps for configuring the steps

of an inter-channel sequencing infusion manually.

FIG. 59 depicts a user interface for configuring the first delivery of the second

step of an inter-channel sequencing infusion.

FIG. 60 depicts a user interface for configuring the second delivery of the sixth

step of an inter-channel sequencing infusion.

FIG. 61 depicts an example user interface of an infusion device for notifying or

warning a caregiver regarding a non-delivery condition.

FIG. 62 depicts a flowchart of example method steps for configuring a
piggyback infusion at an infusion device.

FIG. 63 depicts a flowchart of example method steps for configuring
piggyback infusion options including selecting or specifying an action to perform at

the end of the piggyback infusion.

FIG. 64 depicts a flowchart of example method steps for configuring a

concurrent infusion.
FIG. 65 depicts an example of an implementation of an infusion device.
FIG. 66 depicts an example of a set of interconnected infusion devices.

FIG. 67 depicts interconnected infusion devices respectively associated with

patients.

FIG. 68 depicts a flowchart of example method steps for ganging together

infusion devices via a medication management system.

FIG. 69 depicts a flowchart of example method steps for ganging together

infusion devices via direct communications.
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FIG. 70 depicts a flowchart of example method steps for designating a master

infusion device for infusion devices ganged together via an interconnecting device.

FIG. 71 depicts a flowchart of example method steps for designating a master

infusion device for infusion devices ganged together via wireless communications.

FIG. 72 another flowchart of example method steps for ganging together

infusion devices that are interconnected via a medication management system.

FIG. 73 depicts a flowchart of example method steps for configuring an

infusion at an infusion device.

FIG. 74 depicts a flowchart of example method steps for configuring a

sequence of infusion steps at an infusion device.

FIG. 75 depicts a flowchart of example method steps for interconnecting
multiple infusion devices and controlling the interconnected infusion devices from a

master infusion device during an infusion.
DETAILED DESCRIPTION

In general the present disclosure provides systems, devices, and methods for
delivering substances such as fluids, solutions, medications, and drugs to patients
using infusion devices having a set of advanced features. These advanced features
include aspects related to the programming of infusion devices, the configuration of
infusion sequences performed by the infusion devices, and the interconnection of
multiple infusion devices for interoperation during an infusion having a sequence of

infusion steps.

The aspects described herein may be employed using infusion products
available from Hospira Worldwide, Inc. (“Hospira”) headquartered in Lake Forest,
lllinois. Examples of infusion systems that may be utilized include the Plum A+™
Infusion System and the Plum A+3™ Infusion System available from Hospira. The
infusion systems may utilize the PlumSet™ cassette also available from Hospira.
The cassette may be a dual-input cassette with two input ports from respective
delivery sources and one output port to the patient. The deliver source may be, e.g.,
a bottle, bag, or other type of container suitable for infusion procedures. The dual-

input cassette thus provides the ability to deliver two infusions to the patient via the
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same infusion channel. The dual-input cassette thus provides opportunities to

provide infusion systems, devices, and methods with advanced infusion features.

As described in further detail below, infusion systems, devices, and methods
may include the following advanced infusion features. One advanced infusion feature
allows a caregiver to dynamically configure the parameters of a current ongoing
infusion as well as add steps to a current ongoing infusion. This advanced infusion
feature advantageously allows the caregiver to convert the current infusion type to
another type of infusion. This advanced infusion feature also advantageously allows
the caregiver to initiate the first step of an infusion while configuring the subsequent
steps of the infusion. As described in further detail below, an infusion device may
provide a user interface that allows a caregiver to select and configure infusion
steps, e.g., selecting the infusion type and infusion parameters, arranging the
sequence of infusion steps, and confirming individual infusion steps and the overall

infusion sequence.

Another advanced infusion feature interconnects multiple infusion devices via
a network in a master/slave configuration. This feature provides protocols for
discovering interconnected infusion devices available for selection, designating an
infusion device as the master infusion device, and selecting one or more slave
infusion devices. As described in further detail below, different techniques may be
employed to designate the master infusion device and select the slave infusion
devices depending on whether the infusion devices are interconnected via a physical
or wireless connection. This feature also provides protocols for designating a new
master infusion device if the slave infusion devices lose the connection with the

current master infusion device.

The master/slave configuration of the infusion devices allows for advanced
infusion features related to inter-channel and inter-device sequencing of infusion
steps. As also described in further detail below, a caregiver may program infusion
steps between different types of infusion devices may program infusion steps with
multiple deliveries via multiple channels per step. In this way, the advanced infusion
features allow the caregiver to configure complex sequences of infusion steps

involving multiple delivery sources, multiple infusion devices, and multiple channels.
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Interconnecting the infusion devices also provides various safety features. As
one example, the total infusion rate across all infusion devices associated with a
patient may be limited. As another example, the total amount of air accumulated
across all infusion devices associated with the patient may be tracked, and an alarm
may be provided to a caregiver if the total amount of accumulated air reaches a
predetermined threshold. In a further example, duplication and compatibility safety
checks for multiple infusion devices connected to the same access site, and a
notification indicating duplicate or incompatible substances may be provided to a

caregiver who may have the ability to review and override any conflicts.

These and additional aspects will be appreciated with the benefit of the
disclosures provided in further detail below.

Medication Management Systems, Medical Management Units, and Medical
Devices

As a brief introduction to the aspects discussed in further detail below, the
following description of medication management systems, medical management

units and medical devices is provided.

FIG. 1 depicts an example medication management system including an
example medical management unit and an example medical device. The medication
management system (MMS) 10 includes a medication management unit (MMU) 12
and a medical device 14, typically operating in conjunction with one or more
information systems or components of a hospital environment 16. The term hospital
environment should be construed broadly herein to mean any medical care facility,
including but not limited to a hospital, treatment center, clinic, doctor's office, day
surgery center, hospice, nursing home, and any of the above associated with a
home care environment. There can be a variety of information systems in a hospital
environment. As shown in FIG. 1, the MMU 12 communicates to a hospital
information system (HIS) 18 via a caching mechanism 20 that is part of the hospital

environment 16.

The caching mechanism 20 is primarily a pass through device for facilitating
communication with the HIS 18 and its functions can be eliminated or incorporated
into the MMU 12 and/or the medical device 14 and/or the HIS 18 and/or other

information systems or components within the hospital environment 16. The caching
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mechanism 20 provides temporary storage of hospital information data separate
from the HIS 18, the medication administration record system (MAR) 22, pharmacy
information system (PhIS) 24, physician order entry (POE) 26, and/or Lab System
28. The caching mechanism 20 provides information storage accessible to the MMS
10 to support scenarios where direct access to data within the hospital environment
16 is not available or not desired. For example, the caching mechanism 20 provides
continued flow of information in and out of the MMU 12 in instances where the HIS
18 is down or the connectivity between the MMU 12 and an electronic network is

down.

The HIS 18 communicates with a MAR 22 for maintaining medication records
and a PhIS 24 for delivering drug orders to the HIS. A POE device 26 permits a
healthcare provider to deliver a medication order prescribed for a patient to the
hospital information system directly or indirectly via the PhIS 24. A medication order
can be sent to the MMU 12 directly from the PhIS 24 or POE device 26. As used
herein the term medication order is defined as an order to administer something that
has a physiological impact on a person or animal, including but not limited to liquid or
gaseous fluids, drugs or medicines, liquid nutritional products and combinations

thereof.

Lab system 28 and monitoring device 30 also communicate with the MMU 12
to deliver updated patient-specific information to the MMU 12. As shown, the MMU
12 communicates directly to the lab system 28 and monitoring device 30. However
the MMU 12 can communicate to the lab system 28 and monitoring device 30
indirectly via the HIS 18, the caching mechanism 20, the medical device 14 or some
other intermediary device or system.

Delivery information input device 32 also communicates with the MMU 12 to
assist in processing drug orders for delivery through the MMU 12. The delivery
information input device 32 can be any sort of data input means, including those
adapted to read machine readable indicia such as barcode labels; for example a
personal digital assistant (PDA) with a barcode scanner. Hereinafter the delivery
information input device 32 will be referred to as input device 32. Alternatively, the
machine readable indicia may be in other known forms, such as radio frequency
identification (RFID) tag, two-dimensional bar code, ID matrix, transmitted radio ID

code, human biometric data such as fingerprints, etc. and the input device 32

10
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adapted to "read" or recognize such indicia. The input device 32 is shown as a
separate device from the medical device 14; alternatively, the input device 32
communicates directly with the medical device 14 or may be integrated wholly or in

part with the medical device.

With reference to FIG. 2, an electronic network 114 connects the MMU 12,
medical device 14, and hospital environment 16 for electronic communication. The
electronic network 114 can be a completely wireless network, a completely hard

wired network, or some combination thereof.

FIG. 2 is a schematic diagram illustrating several functional components of a
medical device 14 for implementing aspects of the present disclosure. The device 14
includes many more components than those shown in FIG. 4. However, it is not
necessary that all these components be shown in order to disclose an illustrative

embodiment for practicing aspects of the present disclosure.

In the context of the present disclosure, the term "medical device" includes
without limitation a device that acts upon a cassette, reservoir, vial, syringe, or tubing
to convey medication or fluid to or from a patient (for example, an enteral pump, a
parenteral infusion pump, a patient controlled analgesia (PCA) or pain management
medication pump, or a suction pump), a monitor for monitoring patient vital signs or

other parameters, or a diagnostic, testing or sampling device.

For the purpose of exemplary illustration only, the medical device 14 is
disclosed as an infusion pump. More patrticularly, the medical device 14 can be a
single channel infusion pump, a multi-channel infusion pump (as shown), or some

combination thereof.

The medical device 14 in FIG. 2 is a pump-style medical device and includes
a network interface 112 for connecting the medical device 14 to electronic network
114. Where a wireless connection to the electronic network 114 is desired, network
interface 112 operates an antenna for wireless connection to the electronic network
114. The antenna can project outside the device 14 or be enclosed within the

housing of the device.

A processor 118 is included in the medical device 14 and performs various
operations described in greater detail below. The input/output device 120 allows the

caregiver to receive output from the medical device 14 and/or input information into

11
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the medical device 14. The input/output device 120 may be provided as a single
device such as a touch screen 122, or as a separate display device and a separate
input device. The display screen 122 of the medical pump 14 may be a thin film
transistor active matrix color liquid crystal display with a multi-wire touch screen. A
membrane generally impermeable to fluids may overlay the display screen 122 so
the caregiver can press on images of keys or buttons on the underlying screen with

wet gloves, dry gloves or without gloves to trigger an input.

A memory 124 communicates with the processor 118 and stores code and
data necessary for the processor 118 to perform the functions of the medical device
14. More specifically, the memory 124 stores multiple programs formed in
accordance with the present disclosure for various functions of the medical device 14
including a graphical user interface program 126 with multiple subparts described in
greater detail below.

Infusion and Infusion Devices

Infusion devices may be programmed to carry out various types of infusion
sequences. Types of infusion sequences include continuous infusion, intermittent
infusion, multi-step infusion, inter-channel sequencing infusion, “infinite” (ie.,

uninterrupted) flow infusion, and total parenteral nutrition (TPN) infusion.

Continuous infusion refers to infusion that occurs at a defined infusion rate
until the infusion device has delivered the Volume-to-be-Infused (VTBI). The infusion
device may then perform a user-selectable action which may include, e.g., keeping

the vein open (KVO), continuing the infusion rate, or stopping the infusion.

Intermittent infusion refers to infusion that occurs until the infusion device has
delivered the VTBI, at which point the infusion device performs a user-selectable
action and then resumes the infusion until infusion device has again delivered the
VTBI. The infusion device may repeat an intermittent infusion a user-specified

number of times.

Multi-step infusion is similar to intermittent infusion as multi-step infusion
involves multiple sequential infusions of the same medication. In contrast to
intermittent infusion, however, subsequent infusions in multi-step infusion may be

configured to deliver the medication at a different dose, rate, VTBI, or duration. A

12
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subsequent infusion in a multi-step infusion may also be configured such that a

different action is performed when the subsequent infusion is complete.

Inter-channel sequencing infusion refers to infusion that involves multiple
sequential infusions that can be delivered via different lines and thus from different
sources containing different substances. The infusion devices used for inter-channel
sequencing may include a single-channel large volume pump (LVP), a dual-channel
LVP, a syringe pump, or a patient-controlled analgesia (PCA) pump. Inter-channel
sequencing infusion may also be performed using multiple infusion devices in which
a channel of a first infusion device infuses a first substance and a channel of a
second infusion device infuses a second substance. Inter-channel sequencing
infusion that uses multiple infusion devices may be referred to as inter-device

infusion.

“Infinite” flow infusion refers to infusion that utilizes two delivery lines on a
single cassette channel wherein the infusion device automatically switches to the
other line when the current line completes its infusion such that there is no
interruption in the delivery. A caregiver may then replace the depleted delivery

source without having to stop or otherwise interrupt the current infusion.

Total parenteral nutrition infusion refers to infusion that delivers nutrition

intravenously according to a pre-defined protocol.

As noted above, multi-channel infusion devices may include both a primary
and a secondary line. A caregiver may program the infusion device to deliver a
primary infusion via either the primary or the secondary line. When an infusion
device has been programmed with a primary infusion, the caregiver may program
the other line (either the primary line or the secondary line) to deliver a secondary
infusion. The secondary infusion may be a concurrent infusion or a piggyback
infusion. A concurrent infusion refers to simultaneous delivery from two delivery
sources and independent infusion rates. Piggyback infusion refers to infusion that
will stop infusion on one line, complete infusion on another line, and then restart

infusion on the stopped line.

As also noted above a medical device can be a single channel infusion pump,

a multi-channel infusion pump, or some combination thereof.

13
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FIG. 3 depicts an example of a medical device that is a single channel
infusion device. The infusion device may include a display screen that may display
error messages, error codes, and suggested actions. The infusion device may
comprise a memory, a processor, a clock (real time or otherwise) and other
components. The memory may store computer-executable instructions the processor
may execute to cause the infusion device to perform one or more steps described in

further detail below.

FIG. 4 depicts an example of a medical device 14 that is a multi-channel
infusion device having a first channel 132 with first channel machine-readable label
134 and a second channel 136 with a second channel machine-readable label 138.
A user of the medical device 14 operates the machine-readable input device 130 to
select a channel from one or more channels 132 and 136, by scanning in the

associated machine-readable label 134 or 138.

The caregiver selects the desired channel 132 or 136 by using the machine-
readable input device 130 to scan a factory or hospital programmed, unique,
machine-readable label 134 or 138 that is electronically generated and presented on
the screen 122, which may be juxtapositioned near the respective channel 132 or
136. Alternatively, the machine-readable labels 134 and 138 are physically affixed to
the medical device 14, which may be on or juxtapositioned near the channel 132 and
136, respectively. Since the machine-readable labels 134 and 138 are generated
and/or can be stored in memory 124 by the medical device 14, the medical device 14
can associate the machine-readable labels 134 and 138 to the channels 132 or 136.
The medical device 14 then allows the caregiver to program and activate the
selected channel 132 or 136. The caregiver may also manually select the desired
channel by touching an appropriate folder tab on the touch screen. The folder tabs
are labeled and/or physically arranged on the screen so as to be proximate to the

corresponding channel 132 or 136.

In a further aspect of the wireless embodiment, the medical devices can
periodically broadcast a unique wireless device/channel IP address and/or a self-
generated unique machine-readable label (for example, a barcode) 134 or 138 that
can also be presented on the screen 122. Alternatively, the machine-readable labels
134 and 138 are physically affixed to or posted on the medical device 14. Each

medical device may correlate such broadcasted or posted device/channel [P

14
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addresses and/or barcodes with a particular patient, who is also identified by a
unique machine readable label (not shown) or patient IP address. The caregiver
associates the desired pump(s) or channel(s) 132, 136 with the patient by using the
machine-readable input device 130 to scan the unique machine-readable labels 134,
138 and the patient's machine readable label. This causes the appropriate pump
processor(s) 118 to associate the appropriate pump channel(s) 132, 136 with the
patient. Then the pumps or channels can associate communicate, and coordinate

with each other wirelessly.

The medical device 14 includes a split touch screen 122 having a first channel
screen portion 140 associated with first channel 132 and a second channel screen
portion 142 associated with the second channel 136. Each channel screen portion
140 and 142 presents a subset of the delivery information regarding the respective
channels 132 or 136, including without limitation therapeutic agent name,
concentration, dose rate, VTBI, and alarm information, in a font size that it is easily
readable by a caregiver from a distance such as, for example, from approximately
fifteen to twenty feet (4.6-6.2 meters) away. This is what is referred to as a "far view"
delivery screen. The far view delivery screens display subsets of the information
found on the relevant "near view" delivery screens. The near view delivery screen
displays drug name, concentration, dose rate, time remaining, VTBI, volume
remaining, and alarm name for the highest priority alarm if in an alarm state. The
near view delivery screen will switch to the far view delivery screen after a defined
period of time that is predetermined by the manufacturer, configurable by the facility
via the drug library, and/or set by the caregiver at the device, for example after 20

seconds.

Upon a caregiver touching one of the tabs "A" or "B" or anywhere on the
channel screen portions 140 or 142 of the far view delivery screen, a "near view"
delivery screen is presented on the screen 122. The channel screen portion 140 or
142 selected or corresponding to the tab selected expands in area but the size of at

least some of the text therein is shrunk.

The shrinkage of one of the channel screen portions 140 and 142 and
enlargement of its counterpart provides additional space for one or more data display
or data entry fields to be placed on screen 122. As discussed below, data displays or

data entry fields are placed on screen 122 in space previously occupied by portions
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of the channel screen portion 140 or 142. This reallocation of space on screen 122
permits the caregiver to enter inputs more easily since the data entry field can be
large, preferably at least as large or, more preferably, larger in area than the original
channel screen portions 140 and 142 were in the delivery screen mode. Additionally,
the reallocation of space on screen 122 provides greater space for presenting

information on the channel being adjusted or monitored.

Referring again to FIG. 4, the medical device 14 includes dedicated or fixed
tactile infuser buttons, and images of buttons on the LCD-touch screen 122. The
fixed tactile buttons 133, 135, 137, and 139 provide the following functions:
LOAD/EJECT button 133--opens and closes the cassette carriage; ON/OFF button
135--turns power on and off; ALARM SILENCE button 137--silences a silenceable
alarm for a specified period of time, for example two minutes; and EMERGENCY
STOP button 139--stops all channels.

The LCD color touch screen 122 allows the caregiver to access and use on-
screen button images, for example 3D button images, and data entry fields. The
touch screen 122 uses a membrane over the LCD display so a single keypress does
not cause significant infusion pole movement nor is it mistaken for a double
keypress. The touch screen also accommodates a keypress whether the caregiver is

wearing wet gloves, dry gloves, or no gloves.

FIG. 5 depicts an example medical device 11 that includes a single-channel
infusion device 11A and a multi-channel infusion device 11B. The single-channel
infusion device 11A has a single channel 51 (i.e., an “A” channel). The multi-channel
infusion device has a first channel 33 (i.e., a “B” channel) and a second channel 39
(i.e., a “C” channel). The single channel infusion device 11A and the multi-channel
infusion device 11B are physically and communicatively connected to each other for
programming and operation in a coordinated manner. In one example, the single
channel infusion device 11A and the multi-channel infusion device 11B are
detachably coupled together. Although FIG. 5 illustrates a single channel medical
device 11A associated with a multi-channel medical device 11B, is it noted that this
is for illustrative purposes only, and other various combinations of various types of
infusion devices may be made without departing from the present disclosure.
Additionally, while the infusion devices 11A and 11B are shown as being physically

associated, it is contemplated that they may alternatively be wirelessly associated.
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The infusion device 11B of the medical device 11 has a first channel 33 and a
second channel 39. A first tube set may be operably coupled to the first channel 33
to deliver a fluid from the first channel 33 and a second tube set may be operably
coupled to the second channel 39 to deliver a fluid from the second channel 39.
Each of the channels 33, 39 includes a respective pumping mechanism 35, 37 for
acting upon a tube set to pump fluid. Various pumping mechanisms may be utilized
without detracting from the present invention. The tube set may be made of soft,
kink-resistant medical grade tubing and may include a medicinal dispensing pump
cassette that is acted upon by the pumping mechanism. The first channel 33 may
also include a first channel machine-readable label (134 in FIG. 4) and the second
channel 39 may also include a second channel machine-readable label (138 in FIG.
4). A user of the medical device 10 may operate a machine-readable input device
(130 in FIG. 4) to select a channel from one or more channels 33 and 39, by

scanning in the associated machine-readable label.

The user may select the desired channel 33 or 39 by using the machine-
readable input device to scan a factory or hospital programmed, unique, machine-
readable label that is electronically generated and presented on the screen 23, which
may be juxtapositioned near the respective channel 33 or 39. Alternatively, the
machine-readable labels may be physically affixed to the medical device 11, which
may be on or juxtapositioned near the channel 33 and 39 respectively. Since the
machine-readable labels are generated and/or can be stored in memory by the
infusion device 11B, the infusion device 11B can associate the machine-readable
labels to the channels 33 or 39. The infusion device 11B then allows the user to
program and activate the selected channel 33 or 39. The user may also manually
select the desired channel by touching an appropriate folder tab on the touch screen.
The folder tabs are labeled and/or physically arranged on the screen so as to be
proximate to the corresponding channel 33 or 39. That is, the "B" tab is
juxtapositioned near or adjacent to the "B" channel 33 and the "C" tab is

juxtapositioned near or adjacent to the "C" channel 39.

A graphical user interface program may reallocate the screen 23 for one of
the infusion devices 11A or 11B of the medical device 11. The infusion device 11B
includes a split touch screen 23 having a first channel screen portion 41 associated

with first channel 33 and a second channel screen portion 43 associated with the
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second channel 39. Each channel screen portion 41 and 43 presents a subset of the
delivery information regarding the respective channels 33 or 39, including without
limitation therapeutic agent name, concentration, dose rate, VTBI, and alarm
information, in a font size of at least twenty-eight points so that it is easily readable
by a user from approximately fifteen to twenty feet (4.6—6.2 meters) away. This is

what is referred to as a "far view" delivery screen.

When a user touches one of the tabs "B" or "C," or any part of the channel
screen portions 41 or 43 of the far view delivery screen, a "near view" delivery
screen is presented on the screen 23. The channel screen portion 41 or 43 selected
or corresponding to the tab selected expands in area but the size of at least some of
its text is reduced. The font size for rate and VTBI information on the near view
delivery screen is substantially less than twenty-eight points. The other channel
screen portion 41 or 43 (if present) is reduced in size, hidden or moved to the
background to limit its space on the screen 23. Preferably, if the "B" tab of the first
channel screen portion 41 is selected, the "C" tab of the second channel screen
portion 43 remains exposed, but is grayed or colored differently to indicate it is not
the channel of interest. Thus, the second channel screen portion 43 becomes
smaller than the first channel screen portion 41, as the first channel screen portion
41 is currently being viewed and adjusted by the user and is therefore of primary
concern. The second or C channel can be selected in a similar manner, whereupon
the first channel portion 41 of the screen 23 will become smaller and the second
channel portion 43 will become larger. Since the screens for the respective channels
are substantially identical, except for the position of their tabs, features shown in the
drawings and described below relative to the B channel also apply to the C channel,

and vice versa.

As described above, the memory stores multiple programs formed in
accordance with the present invention, including an infuser program that allows for
inter-channel sequencing infusions. Inter-channel sequencing infusions allows for the
sequential delivery of separate substances from two or more channels. In particular,
the infuser program can be programmed by a caregiver to sequence dispensation of
substances between channels such that a patient can receive substances from two

or more channels without having to reprogram the infusion device.
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FIG. 6 depicts an example of a cassette kit that may be used in a single-
channel or multi-channel infusion device. As seen in FIG. 6, the cassette kit includes
a cassette connected to a convertible piercing pin with drip chamber via a primary
line along which a slide clamp may be positioned. The cassette is also connected to
a patient line that includes a Y-site connector along its length and a protective cap
with filter at one end. A roller clamp may also be positioned along the length of the
patient line. The cassette in FIG. 6 also includes a secondary inlet port at which a

secondary line may be connected.

The cassette in FIG. 6 may advantageously allow two deliver two infusions
using the same infusion channel from delivery sources respectively connected to
each of its two input ports. The cassette may route the substance received from the
delivery sources at the input ports to the output line connected to the patient. As
described in further detail below, the use of this type of cassette advantageously

presents new opportunities for configuring infusions at an infusion device.
Dynamic Infusion Programming

As noted above, aspects of the disclosure are directed toward advanced
infusion features that allow a caregiver to dynamically configure the parameters of a

current ongoing infusion of add steps to a current ongoing infusion.

FIG. 7 depicts an example user interface of an infusion device having multiple
lines, in this case a primary line (Line A) and a secondary line (Line B). As seen in
FIG. 7, the interface includes input elements for selecting a type of infusion to
program for the primary line, in this case a continuous infusion or an advanced
infusion. Advanced infusions may include, e.g., an intermittent infusion, a multi-step
infusion, an inter-channel sequencing infusion, an “infinite” infusion, and a TPN
infusion. The interface also includes input elements for selecting a type of infusion to
program for the secondary line, in this case a concurrent infusion or a piggyback

infusion.

FIG. 8 depicts a flowchart of example method steps for programming an
infusion to be delivered by an infusion device having multiple lines. As seen in FIG.
8, if the primary line and the secondary line have not yet been programmed, the
caregiver may select either the primary line or the secondary line to program for the

primary infusion. For the primary infusion, the caregiver may select either a
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continuous infusion or an advanced infusion as noted above with reference to FIG. 7.
If the caregiver selects to provide an advanced type of infusion, the caregiver may
select the particular type of advance infusion desired (e.g., intermittent, multi-step,
inter-channel sequencing, “infinite,” or TPN). The caregiver may configure the
parameters of the selected infusion type, and, once programmed, the infusion device

may initiate the primary infusion.

If either the primary line or the secondary line is already programmed, the
caregiver may select the non-programmed line for a secondary infusion. As seen in
FIG. 8, if the primary line has been programmed for the primary infusion, then the
caregiver may select the secondary line for the secondary infusion. If, however, the
secondary line has been programmed for the primary infusion, the caregiver may
select the primary line for the secondary infusion. As also seen in FIG. 8, the
caregiver may select either a concurrent infusion or a piggyback infusion for the
secondary infusion. The caregiver may likewise configure the parameters of the
selected infusion type and, once programmed, the infusion device may initiate the

secondary infusion.

FIGS. 9-15 depict example user interfaces of an infusion device for
configuring the parameters of a continuous infusion on the primary line (e.g., Line A).
FIG. 9 depicts an example user interface at which the caregiver selects the
substance to be delivered during the continuous infusion. The user interface includes
a list of substances available for selection which is filterable by substance name.
FIG. 10 depicts an example user interface at which the caregiver selects the
concentration at which the selected substance should be delivered during the
continuous infusion. The interface includes a list of concentrations available for
selection. FIG. 11 depicts an example user interface at which the caregiver selects
the dose and unit for the continuous infusion. This interface includes a list of doses
per unit available for selection. FIG. 12 depicts an example user interface at which
the caregiver specifies the value of the dose per unit for the continuous infusion. This
interface includes input elements, in this case a keypad and a slider, at which the

caregiver may specify the desired value for the dose per unit.

For a continuous infusion, the caregiver may specify a desired VTBI or a
desired duration. If the caregiver specifies a VTBI, then the infusion rate and duration

may be automatically calculated based on the selected concentration, dose per unit,
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and VTBI. If the caregiver specifies an infusion duration, then the VTBI and infusion
rate may be automatically calculated based on the selected concentration, dose per
unit and infusion duration. FIG. 13 depicts an example user interface where the
caregiver has selected to specify a VTBI. This interface likewise includes input
elements (e.g., a keypad and slider) at which the caregiver may specify the desired
value for the VTBI. Similar input elements may be provided to specify a value for the
infusion duration where the caregiver opts to specify the infusion duration rather than
the VTBI. In some circumstances, the caregiver may skip certain configuration steps,

e.g., where the delivery substance does not have a dose (e.g., saline).

FIG. 14 depicts an example user interface at which the caregiver selects the
action the infusion device should perform upon completing the continuous infusion.
This interface includes various actions available for selection including a KVO action,
a continue rate action, and a stop action. The interface also includes input elements
at which the caregiver may specify a KVO rate or a continue rate. This interface
further includes input elements at which the caregiver may configure an alarm when
the continuous infusion nears completion. The interface includes input elements at
which the caregiver may toggle the alarm on and off and specify how soon the alarm
should be provided prior to completing the continuous infusion. In addition, this
interface includes an input element at which the caregiver may specify a threshold
for an air-in-line alarm. Having configured the parameters of the continuous infusion,
the caregiver may start the infusion by selecting a “START” button at the interface.
The caregiver may also select to start the infusion after a specified delay by selecting
a “DELAYED START” button at the interface.

Once the primary infusion has started, the infusion device may display the
parameters of the current infusion. FIG. 15 depicts an example user interface that
displays the parameters of the primary infusion currently being delivered by the
infusion device. As seen in FIG. 15, the parameters displayed include the substance
being delivered, the dose, the rate, and the VTBI. The infusion device may update
the interface as the VTBI changes throughout the infusion (e.g., from 100 mL
remaining to 97 mL remaining). The interface may also include the remaining

duration of the current infusion.

During the primary infusion, the caregiver may select and program a

secondary infusion to be delivered along with the primary infusion. As seen in FIG.
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15, the caregiver may select a secondary infusion type for the secondary line, e.g., a
concurrent infusion or a piggyback infusion. The caregiver may navigate through
user interfaces similar to those depicted in
FIGS. 9-13 to specify the substance, concentration, dose per unit and corresponding
value, and VTBI or duration value. Having configured the parameters of the
secondary infusion, the caregiver may similarly specify an action to perform upon
completion of the secondary infusion. FIG. 16 depicts an example user interface at
which the caregiver may specify the action to perform upon completion of a
piggyback infusion. As seen in FIG. 16, the actions available for selection include
resuming infusion at the primary line, a KVO action at the secondary line, and
stopping infusion at the secondary line. As also seen in FIG. 16, this interface
includes a button to backprime the primary line before starting infusion at the
secondary line. The caregiver may then select a button at the interface to start the

secondary infusion with or without delay.

Once the secondary infusion has started, the infusion device may display the
parameters of the current infusions. FIG. 17 depicts an example user interface that
displays the parameters of both the primary and secondary infusions currently being
delivered by the infusion device. This interface likewise displays the substances
being delivered by the primary and secondary lines, as well as the respective

concentrations, does, rates, and VTBI values.

In accordance with the screenshots above, FIGS. 18-24 depict flowcharts for

creating and configuring a continuous infusion procedure.

FIG. 18 depicts a flowchart of example method steps for selecting a
medication. As seen in FIG. 18, the infusion device may be configured to display the
infusion substances available for selection and initiate safety checks to determine
whether the selected substance has already been selected for infusion at the current
infusion device or another infusion device associated with the patient (ie., a
duplicate check) or if the selected substance is compatible with other substances
selected for infusion (i.e., a compatibility check) at the current infusion device or
other infusion devices associated with the patient. The infusion device may notify the
caregiver of any potential duplicability or compatibility issues, which the caregiver
may acknowledge and override if desired. As also seen in FIG. 18, the caregiver

may also select or specify, e.g., the desired concentration, VTBI, or indicators.
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FIG. 19 depicts a flowchart of example method steps for performing a safety
check for duplicate infusion s