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ADVANCED STEP THERAPY DELIVERY FOR AN
AMBULATORY INFUSION PUMP AND SYSTEM

TECHNICAL FIELD

The invention relates generally to ambulatory infusion pumps and more specifically to

step therapy delivery by an ambulatory infusion pump.

BACKGROUND

Ambulatory infusion pumps are useful for providing a variety of drug therapies.
Ambulatory pumps can be particularly beneficial for therapies which must be delivered over an
extended period of time.

One such therapy is intravenous immunoglobulin (IVIG). IVIG is used primarily to treat
immune deficiencies, inflammatory and autoimmune disorders, and acute infections. Patients
receiving IVIG therapies typically need to build up a tolerance to the IVIG during delivery,
meaning that IVIG is initially administered at a low rate and, as the infusion time progresses, the
rate is gradually increased to a steady state or “plateau” rate that is maintained until the
prescribed amount of IVIG has been delivered to the patient. IVIG is not the only therapy that
utilizes this type of delivery profile.

While some conventional infusion pumps can accommodate such a delivery profile,
setting up and programming the profiles on the pumps is complicated and time-consuming.
Further, many conventional pumps use spreadsheet-based profiles that cannot be adjusted or
customized, either prior to infusion to accommodate the needs of a particular patient or during
infusion if a patient is not tolerating the delivered drug and needs to decrease the rate of infusion

on demand.

SUMMARY OF THE INVENTION

Embodiments relate to systems, methods and devices for defining a step delivery function
for an ambulatory infusion pump and delivering, by the pump, a drug according to the step
delivery function.

In one embodiment, an ambulatory infusion pump comprises an infusion therapy delivery
mechanism, a graphical user interface (GUI) configured to receive a plurality of parameters
defining a step delivery function, the plurality of parameters comprising an initial rate, a plateau
rate, a step duration, a rate increment and a total infusion volume, and a processor coupled to the

therapy delivery mechanism and configured to calculate an infusion duration based on at least
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one of the plurality of parameters and to cause the therapy delivery mechanism to operate based
on the step delivery function.

In one embodiment, a method of defining a step delivery function for an ambulatory
infusion pump comprises receiving an initial rate, a plateau rate, a step duration, a rate increment
and a total infusion volume, and automatically determining an infusion duration based on at least
the initial rate, the plateau rate, the step duration, the rate increment and the total infusion
volume.

In one embodiment, an infusion system comprises an initial rate setting, a plateau rate
setting, a step duration setting, a rate increment setting, a total infusion volume setting, and an
infusion duration setting that is automatically set according to the initial rate setting, the plateau
setting, the step duration setting, the rate increment setting and the total infusion volume setting.

The above summary of the invention is not intended to describe each illustrated
embodiment or every implementation of the present invention. The figures and the detailed

description that follow more particularly exemplify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the
accompanying drawings, in which:
Figure la is a front perspective view of an ambulatory infusion pump according to an
embodiment.
Figure 1b is a rear perspective view of an ambulatory infusion pump according to an

embodiment.

Figure 2 is a block diagram of selected elements of ambulatory infusion pump of Figures
la and 1b.

Figure 3 is a graphical representation of the various parameters of therapy delivery
according to an embodiment.

Figure 4 is a view of a delivery profile graphic provided by a ambulatory infusion pump
graphical user interface (GUI) according to an embodiment.

Figure 5 is a view of a menu provided by a GUI according to an embodiment.

Figure 6 is a view of a menu provided by a GUI according to an embodiment.

Figure 7 is a view of a menu provided by a GUI according to an embodiment.
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Figure 8 is a view of a delayed start graphic provided by a GUI according to an
embodiment.

Figure 9 is a view of a delivery profile graphic provided by a GUI according to an
embodiment.

Figure 10 is a view of a delivery profile graphic provided by a GUI according to an
embodiment.

Figure 11 is a view of a menu provided by a GUI according to an embodiment.
Figure 12a is a flowchart of a step therapy delivery system according to an embodiment.

Figure 12b is a flowchart of a step therapy delivery system according to an embodiment.

Figure 13 is a graphical representation of therapy delivery of a directed “step down”
according to an embodiment.

Figure 14 is a graphical representation of therapy delivery of a directed “step up”
according to an embodiment.

While the invention is amenable to various modifications and alternative forms, specifics
thereof have been shown by way of example in the drawings and will be described in detail. It
should be understood, however, that the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

DETAILED DESCRIPTION

Embodiments of the invention relate to a step therapy delivery system for an ambulatory
infusion system. In one embodiment, the ambulatory infusion system can be a CADD-Solis®
Ambulatory Infusion System from Smiths Medical ASD, Inc. The ambulatory infusion system
can also be of the type disclosed in commonly owned U.S. Patent Application Pub. Nos.
2008/0065007, 2008/0065016 and 2008/0132844, assigned to Smiths Medical ASD, Inc., which
are incorporated by reference herein in their entireties. In other embodiments, other infusion
pumps can be used.

An exemplary ambulatory infusion pump 100 can provide a step delivery therapy to a
patient and is depicted in Figures la and 1b, and Figure 2. Ambulatory infusion pump 100
includes a pump control system 103 with a processor and memory programmable with selected
protocols, profiles and other settings for controlling operation of a pumping mechanism 105.

Ambulatory infusion pump 100 can also include a control module 101 for relaying commands to
3
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the control system 103. Control module 101 can include a user interface 102 having a display
screen 104 and a control pad 106. Control module 101 can also include a battery door 108,
including a knob 110 for locking and unlocking the door 108, which covers a battery
compartment in which batteries for powering the pump 100 can be contained. Control module
101 can also include a power switch 112 for turning pump 100 off and on, a USB port 114, or
other appropriate I/O interface, for connecting pump 100 to a computer having software
designed to interface with pump 100, an AC power jack 116 for connecting an AC power cord
for powering pump 100, and a remote dose cord jack 118 for connecting a remote dose cord that
provides an alternative way to activate patient-controlled dosing.

Infusion pump 100 can further include a replaceable cassette 120 connected to control
module 101. In one embodiment, cassette 120 includes a reservoir containing the medication
that is to be delivered to the patient. Tubing can extend from the cassette 120 and communicate
with an infusion set or catheter to deliver the medication to the patient. The control module 101
can be used to control the flow of medication from the cassette. One example of such a cassette
is the CADD® Medication Cassette Reservoir from Smiths Medical ASD, Inc., though other
cassettes can be used in other embodiments. In another embodiment, cassette 120 can include
tubing that interfaces with a remote medication reservoir such as an IV bag. Tubing can extend
from the reservoir to the cassette and then to an infusion set or catheter, and flow of medication
through the tubing can be controlled with control module 101. One example of such a set is part
of the CADD® Administration Set from Smiths Medical ASD, Inc.

A step delivery can be used with various drug therapies, though in one embodiment a
step function for pump 100 is tailored for intravenous immunoglobulin (IVIG) therapies. IVIG
therapies typically require a period of initial dosing. Once complete, an increased dosage (or
“step up”) can be periodically delivered. Step delivery allows the infusion of a drug at an initial
rate with step increases to a plateau rate. If patient tolerance is not successful at any rate, the
treatment can be scaled back or stopped on demand. Multiple steps down can be applied,
reducing the dosage rate down to any previous rate. In other embodiments, a step delivery
profile can be suitable for nutritional and other therapies.

The step delivery profile of the pump 100 is selectively defined by parameters provided
to the pump control system 103. In one embodiment: an initial rate, a plateau rate, a step
duration, a rate (step) increase or increment, and a total infusion volume, as shown by diagram
130 depicted in Figure 3 can be provided. An additional parameter, infusion duration 132, does

not have to be provided by a user in an embodiment; rather, infusion duration 132 is
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automatically calculated based upon one or more of the other parameters in an embodiment. For
example, a minimum programmable infusion duration is defined by a combination of the
infusion volume, step duration and various rates of delivery. In an embodiment, pump 100
provides a calculated infusion duration 132 after the other parameters are programmed. In an
embodiment, pump control system 103 also calculates the total number of steps necessary to
transition from the initial rate to the plateau rate based on one or more programmed parameters.
During delivery of a step delivery profile, a user may “step down” a delivery rate. In one
embodiment, pump 100 automatically adjusts one or more parameters of the programmed step
delivery profile to accommodate the departure from the initial program. This can include
adjusting, i.e., lengthening, the total infusion duration automatically. In an additional
embodiment, an optional KVO (“keep vein open”) rate 134 is provided, which allows delivery of
a minimal amount of drug to help maintain catheter patency. The KVO rate 134 can be
considered by the pump 100 in determining a calculated infusion duration 132 in one
embodiment. Thus, in various embodiments, the step calculation function of the pump control
system 103 calculates a single total infusion duration 132 based on the entered parameters and
therefore does not need minimum and maximum duration parameters.

As depicted in Figure 4, the display screen 104 of the pump 100 provides a graphical user
interface (GUI) 140 during operation. An example delivery profile graphic 142 when the pump
100 is started is shown on the display screen 104. The information displayed on the GUI 140
may vary but can include information of most interest to a user or patient during delivery, such
as the current rate of delivery 144, the mode of operation 148, and any other appropriate status
indications. In the embodiment of Figure 4, the pump 100 is in step mode 148. During infusion,
the GUI 140 can present an indicator graphic 150, along with the delivery profile graphic 142,
illustrating how far the patient’s treatment has progressed. In the example shown, the therapy
delivery is in the second of four stages, at a rate of fifteen mL per hour.

As depicted in Figures 5-7, programming screens present a user with an interface to input
the parameters defining the therapy delivery. The user, potentially a clinician or home health-
care provider, can enter the dosage parameters provided by a prescribing physician. The user
can also utilize the interface to determine the status of treatment and reduce the dosage rate if
necessary. In one embodiment, certain parameters or profiles specific to a patient can be
retained or stored by pump 100, or by a related computer system, to facilitate quicker, more
convenient, and safer use of pump 100; in particular to avoid programming errors or delivery of

a profile intended for another patient. In other embodiments, individual or multiple profiles can
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be programmed using a related computer system and software, and then downloaded to one or
more pumps 100 for patient therapy.

Figure 5 depicts a programmed infusion volume 302 of one hundred mL. Infusion
volume 302 is the total volume of drug or therapy fluid to be delivered according to a
prescription. Entering a new infusion volume 302 resets the configured infusion profile so that
therapy delivery starts at the beginning of a new infusion duration 132 for the patient.

Initial Rate 304 is the rate at which therapy delivery will begin. This also can be the
minimum delivery rate that a user can “step down” to. Rate Increment 306 is the amount of
desired amount of medication delivery increase for each step.

Plateau Rate 308 is the maximum rate at which the pump 100 is to deliver the
medication. The pump 100 begins at the initial rate, and increases by the rate increment until the
plateau rate 308 is reached, absent a step-down indication from a user. The pump 100 can run at
this rate until the reservoir volume reaches zero or when the predetermined infusion volume 302
is delivered. The pump control system 103 can calculate the rate of delivery that will occur
during the plateau portion of the infusion profile based on the infusion volume and infusion
duration, depending on the desired parameters. The pump 100 can be pre-configured with a
maximum allowable rate. For example, a rate above 250 mL/hr can require a high volume
therapy administration set. A low volume therapy administration set would not accept
parameters that resulted in a plateau rate 308 above 250 mL/hr.

Step Duration 310 is the length of time programmed for each step during medication
delivery. This time period corresponds to the duration of each step’s therapy delivery period.
The sum of all step duration 310 periods for each step required to reach the plateau rate 308, as
well as the length of the plateau period, is then equal to the total infusion duration 132 to deliver
the full infusion volume 302.

Infusion duration 132 is the time required to deliver the total infusion volume 302. In an
embodiment, infusion duration 132 is calculated by the pump 100 based on one or more of the
initial values programmed for the patient-specific parameters: infusion volume 302, initial rate
304, rate increment 306, plateau rate 308, and step duration 310. The user does not need to
provide a duration value in one embodiment. Once the parameters are entered, the pump control
system 103 calculates infusion duration 132.

Reservoir Vol. 316 is the volume of fluid contained in the reservoir or cassette 120. The
administrator can configure a standard reservoir volume 316 which allows the reservoir volume

316 setting to be quickly reset to that configured value. As shown in Figure 7, a clinician can
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adjust the reservoir volume 316 to another amount, resetting the reservoir volume. In one
embodiment, the reservoir volume 316 cannot be set to less than the programmed infusion
volume 302. The reservoir volume 316 value decreases as the pumping mechanism is primed or
delivers fluid.

The KVO Rate, or “keep vein open” rate, 134 is optional. It allows delivery of a minimal
amount of a drug to help maintain catheter patency. If a delayed start is programmed, the KVO
rate 134 is active during the initial delay. It is also active after the infusion profile is complete if
the reservoir volume 316 programmed is greater than the infusion volume 302. If a KVO
delivery rate 134 is intended at the end of the infusion profile, the reservoir volume must be
larger than the infusion volume so that automatic KVO delivery may occur. The KVO delivery
rate 134 continues until the reservoir volume 316 reaches zero mL or until the pumping
mechanism is stopped.

The user can also program a delayed start time (not depicted) that is the time that the next
infusion delivery will begin. It is displayed only if a delayed start is programmed. Figure 8
depicts pump 100 in delayed start mode 320. The graphic 330 indicates that the pump 100 is in
the first stage of minimum therapy delivery. The time 340 until the delivery of the therapy
increases to the initial rate 304 is also displayed and periodically updated on display screen 104.

Figures 9 and 10 depict two examples of the display scr een 104 of the pump 100
presenting a running status screen 440 indicating the current rate of delivery 144 and that the
pump 100 is in the step mode 442 of operation. The running status screen 440 includes an
example of a step delivery icon 448 that includes a status bar 450. The location of the status bar
450 in the middle of the delivery icon 448 indicates that the pump 100 is at an intermediate step
in the therapy delivery. The pump 100 is delivering a medication at a current rate 144 that is less
than the plateau rate 308.

Figure 11 depicts GUI menu commands Step Down 460 and Step Up 462 from the
advanced tasks menu that can be used to change the actual current step, i.e. the infusion duration
by reducing or increasing the rate of therapy administration. The step up and step down
procedures are described below. After the selection of the Step Down 460 or Step Up 462
commands, the infusion duration time is automatically recalculated in one embodiment. The
displayed total infusion duration 132 value can change to reflect the new setting, or it can be
configured to display the initial time value and indicate that a change has been directed that

deviated from the original configuration.
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Figures 12a and 12b depict flowcharts 500 and 590 of exemplary embodiments of a step
therapy protocol for an ambulatory infusion system. Initially, a clinician or health care provider
inputs the desired parameters 502 as discussed above. Typical parameters can include total
infusion volume, initial rate, rate increment, plateau rate, and step duration in an embodiment.
The pump control system 103 will next calculate the initial infusion duration delivery time 504.
Once the settings are confirmed by the user, the pump 100 can commence the delivery 506 by
engaging the pumping mechanism of the pump 100.

The stepped delivery function of the pump 100 is interruptible, for example a patient may
selectively hold at a current level rather than stepping up to the next level, or may step back to a
previous lower therapy delivery level if tolerance was not achieved. During delivery, the pump
100 also provides patient convenience features, such as a notification at step up transition. The
notification can come in advance of a transition such that a user can check the patient’s vitals or
condition prior to a transition.

The pump 100 can receive user input 510 through the GUI 140 during drug delivery 506.
If there is no user input, the delivery mode 506 continues until the pump control system 103
determines that treatment is complete 516. The determination of completed treatment can be
based on the delivery of the entered infusion volume 302. When the treatment is complete 520,
the pumping mechanism can either be deactivated, or reduced to a KVO delivery rate 134 if
configured and if reservoir volume 316 has not reached zero mL.

If treatment is not complete 520, the pump control system 103 will check to see if the
step duration 310 time period has elapsed 524. If step duration 310 for the current therapy
delivery period has been completed, the pump 100 will advance to the next higher dosage step
526 and increase the drug delivery 506 by the amount of the rate increment 306. The rate of
drug delivery 506 is limited by the plateau rate 308. Optionally, the pump 100 can provide a
notification at or before the dosage increase, or prompt the user for a confirmation to
acknowledge the dosage increase before the higher dosage is delivered. The pump 100 can
continue with drug delivery as before unless prompted by the user 510 or treatment is completed
516. Ifthe step duration 310 has not elapsed 528, the pump 100 will continue with drug delivery
506.

If the user inputs a step down command requesting a lower dosage 530, then the pump
100 will reduce the therapy to the lower dosage 532 by the amount of one dosage rate increment
304. In the embodiment depicted in Figure 12a, the pump 100 will remain at this lower drug

delivery 506 stage unless requested by the user to provide a higher dosage 540 or until treatment
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is completed 516. The pump 100 can maintain the lower delivery rate by setting an internal hold
dosage flag 570 that is checked 574 prior to advancing to a higher dosage step 526. In the
embodiment of Figure 12b, the reduction in dosage causes a recalculation 534 of the infusion
duration 132 based on the new reduced delivery dosage by the pump control system 103. The
user can enter multiple step down commands, reducing the dosage by one or more increments, or
halting treatment completely. In an alternative embodiment, the pump 100 can prompt the user
for permission to increase the dosage after another step duration 310 time period has elapsed.

If the user inputs a request for a higher dosage 540, the pump 100 can prompt the user to
enter a passcode 542. The request for a passcode can be used to prevent the patient receiving
treatment for increasing their dosage without supervision, or to limit the ability to increase the
dosage to certain authorized individuals. Passcodes can also be used by default for any
programming feature or in other situations related to the use of the pump 100. If a requested
passcode does not match 546 the pump 100 remains at the current drug delivery 506 stage. If the
preconfigured passcode is entered the pump 100 advances to the higher dosage stage 548 by the
amount of one dosage rate increment 304. In the embodiment of Figure 12b, the increase in
dosage leads to a recalculation 550 of the infusion duration 132 based on the increased delivery
dosage by the pump control system 103. In the embodiment of Figure 12a, the hold dosage flag
570 can be cleared 572 if the user requests a higher dosage level 540. The user can enter
multiple step up commands, increasing the dosage by one or more increments, up to the
configured plateau rate. One skilled in the art will appreciate that other variations or
combinations of the embodiments described in Figures 12a and 12b are possible.

Figure 13 depicts an example of an initial delivery profile 600 and a resulting delivery
profile 602 after a decrease or “step down” in dosage rate. If the user experiences an adverse
reaction to an increased dosage, the user can direct the pump 100 to revert back to the previous,
lower, dosage level. As illustrated, the selection of the step down command option 460, on the
GUI 140 of Figure 11, decreases the therapy dosage from the current dosage 604 to the previous
lower dosage 606. The decrease in dosage increases the overall therapy delivery time by an
additional period 608. The additional period 608 extends the original dosage period 610 to the
new dosage period 612. In this example, the previous lower dosage 606 rate is maintained for
the entire new dosage period 612. No automatic increase in dosage is performed by the pump
100, though this can vary in other embodiments.

Figure 14 depicts an example of an initial delivery profile 700 and a resulting delivery

profile 702 after an increase or “step up” in the dosage rate. As illustrated, the step up command
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462 on the GUI 140 of Figure 11 increases the therapy dosage to the next higher dosage 706.
This dosage then continues for one entire new step duration 310 regardless of how far into the
current step duration 310 the pump 100 had progressed whgn the “step up” option was initiated.
The increase in dosage rate can decrease the overall therapy delivery time by a shortened period
708. This reduces the overall therapy delivery time required to administer the full infusion
volume 302.

Various embodiments of systems, devices and methods have been described herein.
These embodiments are given only by way of example and are not intended to limit the scope of
the invention. It should be appreciated, moreover, that the various features of the embodiments
that have been described may be combined in various ways to produce numerous additional
embodiments. Moreover, while various materials, dimensions, shapes, implantation locations,
etc. have been described for use with disclosed embodiments, others besides those disclosed may
be utilized without exceeding the scope of the invention.

Persons of ordinary skill in the relevant arts will recognize that the invention may
comprise fewer features than illustrated in any individual embodiment described above. The
embodiments described herein are not meant to be an exhaustive presentation of the ways in
which the various features of the invention may be combined. Accordingly, the embodiments
are not mutually exclusive combinations of features; rather, the invention may comprise a
combination of different individual features selected from different individual embodiments, as
understood by persons of ordinary skill in the art.

Any incorporation by reference of documents above is limited such that no subject matter
is incorporated that is contrary to the explicit disclosure herein. Any incorporation by reference
of documents above is further limited such that no claims included in the documents are
incorporated by reference herein. Any incorporation by reference of documents above is yet
further limited such that any definitions provided in the documents are not incorporated by
reference herein unless expressly included herein.

For purposes of interpreting the claims for the present invention, it is expressly intended
that the provisions of Section 112, sixth paragraph of 35 U.S.C. are not to be invoked unless the

specific terms “means for” or “step for” are recited in a claim.
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What is claimed is:
1. An ambulatory infusion pump comprising:

an infusion therapy delivery mechanism;

a graphical user interface (GUI) configured to receive a plurality of parameters defining a
step delivery function, the plurality of parameters comprising an initial rate, a plateau rate, a step
duration, a rate increment and a total infusion volume; and

a processor coupled to the therapy delivery mechanism and configured to calculate an
initial infusion duration based on at least one of the plurality of parameters and to cause the

therapy delivery mechanism to operate based on the step delivery function.

2. The pump of claim 1, wherein the GUI presents an option during operation of the therapy

delivery mechanism to increase a delivery rate by an amount of the rate increment.

3. The pump of claim 1, wherein the GUI presents an option during operation of the therapy

delivery mechanism to decrease a delivery rate by an amount of the rate increment.

4. The pump of claim 3, wherein the processor is configured to calculate a new infusion

duration if the delivery rate is decreased during operation of the therapy delivery mechanism.

S. The pump of claim 3, wherein the delivery rate after the decrease is maintained for a
period of time needed for the infusion therapy delivery mechanism to deliver the total infusion

volume.

6. The pump of claim 1, wherein the GUI is configured to receive at least one parameter
defining a delivery function selected from the group consisting of: a patient-controlled analgesia
(PCA) delivery function, a continuous delivery function, an intermittent delivery function, and a

taper delivery function.

7. The pump of claim 1, wherein the step delivery function is for an intravenous

immunoglobulin (IVIG) therapy.

8. The pump of claim 1, wherein the GUI is configured to display the initial infusion

duration.

11
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9. The pump of claim 1, wherein the processor is configured to calculate a total number of

steps in the step delivery function based on at least one of the plurality of parameters.

10. A method of defining a step delivery function for an ambulatory infusion system
comprising:

receiving an initial rate, a plateau rate, a step duration, a rate increment and a total
infusion volume; and

automatically determining an infusion duration based on at least the initial rate, the

plateau rate, the step duration, the rate increment and the total infusion volume.

11. The method of claim 10, further comprising:
receiving a delivery rate reduction request.
12. The method of claim 11, further comprising reducing a current delivery rate by an

amount of the rate increment.

13.  The method of claim 10, further comprising providing a prompt to enter the initial rate,

the plateau rate, the step duration, the rate increment and the total infusion volume.

14.  The method of claim 13, wherein receiving further comprises receiving the initial rate,
the plateau rate, the step duration, the rate increment and the total infusion volume as user

interface inputs.

15. The method of claim 10, further comprising displaying the infusion duration on a

graphical user interface.
16. The method of claim 10, further comprising selecting the step delivery function from the
group consisting of a patient-controlled analgesia (PCA) delivery function, a continuous delivery

function, an intermittent delivery function, a taper delivery function, and a step delivery function.

17.  The method of claim 10, further comprising delivering a drug according to the step

delivery function.

12
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18.  The method of claim 16, wherein delivering a drug comprises delivering an intravenous

immunoglobulin (IVIG) drug.

19.  An infusion system comprising:

an initial rate setting;

a plateau rate setting;

a step duration setting;

a rate increment setting;

a total infusion volume setting; and

an infusion duration setting that is automatically set according to the initial rate setting,
the plateau setting, the step duration setting, the rate increment setting and the total infusion

volume setting.

20.  The system of claim 19, further comprising an ambulatory infusion pump having a
pumping mechanism operable to deliver a drug according to a step function defined by the initial
rate setting, the plateau setting, the step duration setting, the rate increment setting, the total
infusion volume setting and the infusion duration setting.

21. The system of claim 20, wherein the drug is an intravenous immunoglobulin (IVIG) drug.

22, The system of claim 20, wherein the pump comprises a notification system operable to

provide a notification prior to a change in a delivery rate of the drug.
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