US 20180021510A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2018/0021510 A1l

BURKE et al. (43) Pub, Date: Jan. 25, 2018
(54) PATIENT PROGRAMMER FOR (52) US.CL
IMPLANTABLE DRUG DELIVERY DEVICE CPC ....... A6IM 5/14276 (2013.01); A61B 5/0031
(2013.01); 461B 5/0026 (2013.01); GO6F
(71) Applicant: Flowonix Medical Incorporated, Mt. 19/3468 (2013.01): A61M 2205/04 (2013.01);
Olive, NI (US) AG6IM 2005/14208 (2013.01); A6IM
) 2205/3553 (2013.01); A61M 2205/3592
(72) Inventors: Paul BURKE, Bellingham, MA (US); (2013.01); A61M 2205/52 (2013.01); AGIM
Steve ADLER, Randolph, NJ (US) 2205/3523 (2013.01)
(21) Appl. No.: 15/723,378
(22) Filed:  Oct. 3, 2017 67 ABSTRACT
Related U.S. Application Data Methods for programming an implantable drug delivery

(63) Continuation of application No. 15/632,988, filed on ~ device using a mobile computing device that include estab-
Jun. 26, 2017, which is a continuation of application ~ lishing a connection with a telemetry unit configured for

No. 15/098,631, filed on Apr. 14, 2016, now Pat. No. wireless communication with the implantable drug delivery
9.700.669. device, displaying user-selectable drug delivery settings for

T o the implantable drug delivery device, receiving at least one

(60)  Provisional application No. 62/148,431, filed on Apr. selection of a drug delivery setting, translating the received
16, 2015. selection into a signal format readable by the telemetry unit,

and sending the translated signal to the telemetry unit to

Publication Classification program the implantable drug delivery device. Further

(51) Imt. ClL embodiments include telemetry units for communication
A6IM 5/142 (2006.01) with an implantable drug delivery device, and patient pro-
GO6F 19/00 (2011.01) grammers and a method for patient modification to a pro-
A61B 5/00 (2006.01) grammed drug delivery regimen.

——
-~ 33 \\3

: B e 100
AN @,m*.{ nisrnet o

12

424 123
497 -, :

R0



v Oid

US 2018/0021510 A1

L -

Jan. 25,2018 Sheet 1 of 14

004

ot o N N . N A A e S S i S S 0 RN e 0 s St S NN . 0 o

Patent Application Publication



Patent Application Publication  Jan. 25,2018 Sheet 2 of 14 US 2018/0021510 A1

323

a0
421

FIG. 1B

internst

@D
&
&



US 2018/0021510 A1

Jan. 25,2018 Sheet 3 of 14

Patent Application Publication

k-

2t 9l

e bZE

£01-

oot




US 2018/0021510 A1

Jan. 25,2018 Sheet 4 of 14

Patent Application Publication

z

« RER

L "oid

zy 124

1oL

o0L IEUIEI)

488



Patent Application Publication  Jan. 25,2018 Sheet 5 of 14 US 2018/0021510 A1

)
~
317
331
r L |
7
315
a
kL
323 f"‘—'\
325 329
327
318
311
313
e J

FIG. 2



Patent Application Publication  Jan. 25,2018 Sheet 6 of 14 US 2018/0021510 A1

700 Establish connection with

L telemetry unit configured for |/ 701
wireless communication with

implantable drug delivery device

Femmmmmmm—_— 3

| Receive data from implantable I(—703
drug delivery device

Display user-selectable drug 705
delivery settings for implantable
drug delivery device

Y

Receive at least one selection of | —707
a drug delivery setting

Y

Translate received selection into
, 709
signal format readable by
telemetry unit

Y

Send translated signalto | —711
telemetry unit

Y

F s T T T T T
Receive confirmation from 713

| implantable device of successful ‘/‘
i programming |

End connection with telemetry |, ~715
unit

FIG. 3



Patent Application Publication  Jan. 25,2018 Sheet 7 of 14

800

US 2018/0021510 A1

Establish connection with patient
programmer

801

!

Display user-selectable settings for
the patient programmer

_—803

'

Receive a selection of at least one
parameter for patient modification of
a programmed drug delivery regimen

Y

Transmit the at least one selected
parameter to the patient programmer

to program the patient programmer

| Receive confirmation from patient
! programmer of successful
programming

|

End connection with patient
programmer

811

FIG. 4



Patent Application Publication  Jan. 25,2018 Sheet 8 of 14

900

US 2018/0021510 A1

Establish connection with computing
device

_—901

!

Receive at least one parameter for
patient modification of programmed
drug delivery regimen

&

Store the at least one parameter in
memory

| Send confirmation to the mobile
| computing device of successful
| programming

End connection with computing
device

FIG. 5



Patent Application Publication  Jan. 25,2018 Sheet 9 of 14 US 2018/0021510 A1

1000

Detect input event corresponding to
patient request for modification to
programmed drug delivery regimen

!

Determine whether requested 1003
modification is allowed based onat v~
least one stored parameter

1001

1005

Allowed?
No \
Yes

Transmit patient request to Ve 1007
implantable drug delivery device

1009

No \

Confirmation
received?

Display request successful Display request failed
| J
End

FIG. 6



Patent Application Publication  Jan. 25,2018 Sheet 10 of 14  US 2018/0021510 A1

1108

"5 101

- 14

FIG. 7C

FIG. 7E




Patent Application Publication  Jan. 25,2018 Sheet 11 of 14  US 2018/0021510 A1

120

e 4208

- 1203

1267 -

1209 -

FIG. 8F

FIG. 8E

42




Patent Application Publication  Jan. 25,2018 Sheet 12 of 14  US 2018/0021510 A1

FIG. 8G




Patent Application Publication  Jan. 25,2018 Sheet 13 of 14  US 2018/0021510 A1

o 4403

1403

FIG. 10F

FIG. 10E



Patent Application Publication  Jan. 25,2018 Sheet 14 of 14  US 2018/0021510 A1

1 S 1513
1501 mo o
Flow /— |3 4gqql 3
Flow - -
et Rate 2‘ 2/1(— ? 2 é
Y a 1509 . !
1 1
Time ~ ‘{D" == ‘{R' - ’
FIG. 11A Time
) FIG. 11E
1503
Flow
Rate
FIG. 11B
Time
" 1805
Flow 1501
Rate “|
FIG. 11C
Time
A /— 1507 /- 1507
Flow
Rate
FIG. 11D
o 'iR"—-i

Time



US 2018/0021510 Al

PATIENT PROGRAMMER FOR
IMPLANTABLE DRUG DELIVERY DEVICE

RELATED APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/632,988 filed Jun. 26, 2017, which is
a continuation of U.S. patent application Ser. No. 15/098,
631 entitled “Patient Programmer for Implantable Drug
Delivery Device” filed Apr. 14, 2016, which claimed the
benefit of priority to U.S. Provisional Application No.
62/148,431, titled “Patient Programmer for Implantable
Drug Delivery Device,” filed Apr. 16, 2015, the entire
contents of all of which are incorporated herein by reference.

FIELD

[0002] The present invention relates generally to systems
and methods for programming an implantable drug delivery
device.

BACKGROUND

[0003] Various implantable devices exist for delivering
infusate, such as medication, to a patient. One such device
is an implantable valve accumulator pump system. This
system includes an electronically controlled metering
assembly located between a drug reservoir and an outlet
catheter. The metering assembly may include two normally
closed solenoid valves that are positioned on the inlet and
outlet sides of a fixed volume accumulator. The inlet valve
opens to admit a fixed volume of infusate from the reservoir
into the accumulator. Then, the inlet valve is closed and the
outlet valve is opened to dispense the fixed volume of
infusate from the accumulator to an outlet catheter through
which the infusate is delivered to the patient. The valves may
be controlled electronically via an electronics module,
which can optionally be programmed utilizing an external
programmer to provide a programmable drug delivery rate.
The external programmer is typically a dedicated device
used by medical professionals having a customized telem-
etry system for wirelessly communicating with the implant-
able drug delivery device.

SUMMARY

[0004] Various embodiments include programming and
controlling the operation of implantable drug delivery
devices using a commonly-used mobile computing device,
such as mobile phones, tablet computers, and PDA’s. Vari-
ous embodiments also include telemetry units that may be
physically coupled to a mobile computing device for pro-
gramming of an implantable drug delivery device by a
physician or other medical professional, and may also be
used with a patient programmer to allow patient-initiated
modifications to a programmed drug delivery regimen
within parameters set by the physician. The various embodi-
ments leverage the flexibility, user-intuitiveness, processing
power and networking capabilities of commonly-used
mobile computing devices for programming and control of
an implantable drug delivery system, while simplifying the
requirements of dedicated electronic devices associated with
such systems.

[0005] Embodiments include a method for communicating
with an implantable drug delivery device using a mobile
computing device that includes establishing a connection
with a telemetry unit configured for wireless communication

Jan. 25,2018

with the implantable drug delivery device, displaying user-
selectable drug delivery settings for the implantable drug
delivery device, receiving at least one selection of a drug
delivery setting, translating the received selection into a
signal format readable by the telemetry unit, and sending the
translated signal to the telemetry unit to program the
implantable drug delivery device. In some embodiments, the
method may further include receiving data from the implant-
able drug delivery device via the connection with the
telemetry unit, such as data regarding a status of the implant-
able drug delivery device, physiological data of a patient in
which the drug delivery device is implanted, or data regard-
ing the programming of the implantable drug delivery
device.

[0006] Further embodiments include a patient program-
mer and a method for patient modification to a programmed
drug delivery regimen in an implantable drug delivery
device that includes establishing a connection with a com-
puting device, receiving from the computing device at least
one parameter for patient modification of the programmed
drug delivery regimen, storing the at least one parameter in
a memory, detecting an input event corresponding to a
patient request for modification to the programmed drug
delivery regimen, determining whether the requested modi-
fication is allowed based on the stored at least one parameter,
and transmitting the patient request to the implantable drug
delivery device when it is determined that the requested
modification is allowed.

[0007] Further embodiments include a telemetry unit for
communication with an implantable drug delivery device
that includes a transmitter/receiver element configured for
wireless communication with the implantable drug delivery
device, a communication module for establishing a commu-
nication link with a mobile communication device, and a
housing containing the transmitter/receiver element and the
communication module, the housing configured to secure
the mobile communication device to the housing to physi-
cally couple the mobile communication device to the telem-
etry unit while the communication link with the mobile
communication device is established.

[0008] Further embodiments include a telemetry unit for
communication with an implantable drug delivery device
that includes a transmitter/receiver element configured for
wireless communication with the implantable drug delivery
device, a communication module for establishing a commu-
nication link with a patient programmer unit having a
user-input component configured to receive patient requests
for modification to a drug delivery regimen programmed in
the implantable drug delivery device, and a housing con-
taining the transmitter/receiver element and the communi-
cation module, the housing configured to the secure patient
programmer unit to the housing to physically couple the
mobile communication device to the telemetry unit while the
communication link with the patient programmer unit is
established.

[0009] Various embodiments include mobile computing
devices and patient programmers configured to perform
operations of the embodiment methods disclosed herein.
Various embodiments also include mobile computing
devices and patient programmers including means for per-
forming functions of the embodiment methods disclosed
herein. Various embodiments also include non-transitory
processor-readable storage media having stored thereon
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processor-executable instructions configured to cause a pro-
cessor to perform operations of the embodiment methods
disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illus-
trate example embodiments of the invention, and together
with the general description given above and the detailed
description given below, serve to explain the features of the
invention.

[0011] FIG. 1A is a schematic diagram of a system for
programming and controlling an implantable drug delivery
device using a mobile computing device, a telemetry unit
and a patient programmer unit.

[0012] FIG. 1B is a schematic diagram of a system for
programming and controlling an implantable drug delivery
device using a mobile computing device and a combined
patient programmer/telemetry unit.

[0013] FIG. 1C is a schematic diagram of a system for
programming and controlling an implantable drug delivery
device using a first and second mobile computing device and
a telemetry unit.

[0014] FIG. 1D is a schematic diagram of a system for
programming and controlling an implantable drug delivery
device using a mobile computing device that interfaces with
a first telemetry unit and a patient programmer that inter-
faces with a second telemetry unit.

[0015] FIG. 2 is a system block diagram of a mobile
computing device usable in various embodiments.

[0016] FIG. 3 is a process flow diagram illustrating an
embodiment method for programming an implantable drug
delivery device using a mobile computing device.

[0017] FIG. 4 is a process flow diagram illustrating an
embodiment method for programming a patient programmer
using a mobile computing device.

[0018] FIG. 5 is a process flow diagram illustrating an
embodiment method of programming a patient programmer
with parameters for user modification of a programmed drug
delivery regimen.

[0019] FIG. 6 is a process flow diagram illustrating an
embodiment method of controlling operation of an implant-
able drug delivery device using a patient programmer.
[0020] FIGS. 7A-7G illustrate a telemetry unit usable for
programming of a implantable drug delivery device and for
patient modifications to a programmed drug delivery regi-
men according to one embodiment.

[0021] FIGS. 8A-8G illustrate a telemetry unit according
to another embodiment.

[0022] FIGS. 9A-9G illustrate a telemetry unit according
to yet another embodiment.

[0023] FIGS. 10A-10G illustrate a telemetry unit accord-
ing to yet another embodiment.

[0024] FIGS. 11A-11E are graphs illustrating alternative
drug delivery regimens according to various embodiments.

DETAILED DESCRIPTION

[0025] The various embodiments will be described in
detail with reference to the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
References made to particular examples and implementa-
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tions are for illustrative purposes, and are not intended to
limit the scope of the invention ot the claims.

[0026] The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any
implementation described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous
over other implementations.

[0027] The terms “mobile computing device,” “mobile
device,” and “mobile communication device” are used inter-
changeably herein to refer to any one or all of tablet
computers, smartphones, cellular telephones, personal digi-
tal assistants (PDA’s), smartbooks, laptop computers, palm-
top computers, and similar personal electronic devices
which include a programmable processor and memory and
may include hardware and/or software to enable communi-
cation with a telemetry unit for programming of an implant-
able drug delivery device.

[0028] Various embodiments include methods and sys-
tems for communicating with an implantable drug delivery
device using a mobile computing device. The mobile com-
puting device may include software, such as application
software, configured to execute on a processor of the mobile
computing device to enable the device to establish a con-
nection with a telemetry unit configured for wireless com-
munication with an implantable drug delivery device, dis-
play on a display of the mobile communication device
user-selectable drug delivery settings for the implantable
drug delivery device, receive from a user interface of the
mobile communication device at least one selection of a
drug delivery setting, translate the received selection into a
signal format that can be read by the telemetry unit, and
transmit the translated signals to the telemetry unit for
programming of the mobile computing device. A mobile
computing device executing the programming software may
be used by medical personnel to program an implantable
device with an initial drug delivery regimen, either before or
after the device is implanted in the patient, and may also be
used to re-program an implanted device with a new or
modified drug delivery regimen. In various embodiments,
the software process executing on the mobile device may be
configured to receive data from the implantable drug deliv-
ery device, via the telemetry unit, such as current status data
or historical data of the device (e.g., amount of drug dis-
pensed and remaining to be dispensed, dosage history., etc.),
as well as physiological data of the patient. In some embodi-
ments, the software process executing on the mobile device
may be used for inquiring an operational status (e.g., pump
status) of the implantable drug delivery device as a means to
remotely determine the current operation of the implantable
drug delivery device.

[0029] Various embodiments may also enable program-
ming of a patient programmer using a mobile computing
device. A patient programmer may be a device, separate
from the mobile computing device and usable by the patient
to selectively modify a programmed drug delivery regimen
within parameters set by the programming clinician. The
mobile computing device may include software, such as
application software, configured to execute on a processor of
the mobile computing device to enable the device to estab-
lish a connection with a patient programmer device, display
on a display of the mobile computing device user-selectable
settings for the patient programmer device, receive from a
user interface of the mobile computing device at least one
selection of parameter for patient modification of a pro-
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grammed drug delivery regimen, and transmit the at least
one parameter to the patient programmer device to program
the patient programmer device. Once programmed, the
patient programmer device may be operable to selectively
modify the programmed drug delivery regime, such as by
administering a bolus dose of the drug, within the param-
eters programmed by the mobile computing device.

[0030] Various embodiments are directed to a patient
programmer device for enabling a patient to selectively
modify the drug delivery regimen of an implantable drug
delivery device within parameters set by medical personnel.
In embodiments, the patient programmer device may be a
simple, easy-to-use device with limited functionality, such
as functionality to enable a patient to administer an extra
dose (i.e., a bolus dose) of the drug when needed. The patient
programmer may include, at minimun, a user input com-
ponent (e.g., a button) and circuitry configured to detect a
patient input event from the user input component (e.g., a
button push) and to communicate an instruction to modify
the drug delivery regimen (e.g., by administering a bolus
dose) to a telemetry unit configured for wireless communi-
cation with the implantable drug delivery device. The patient
programmer device may further include communication
circuitry configured to receive parameters related to allow-
able modifications to a programmed drug delivery regimen,
a memory for storing the received parameters, and a pro-
cessot, coupled to the memory for determining whether or
not a proposed modification to the drug delivery regimen
corresponding to a detected patient input event (e.g., a
button push) is allowed based on the stored parameters. The
patient programmer may also include a user feedback com-
ponent, such as a display (e.g., an LCD screen, LED
indicator(s), a touchscreen display, etc.) that may indicate
whether or not a proposed user modification to the drug
delivery regimen (e.g., a button push to request a bolus dose)
was allowed and/or successfully implemented. In embodi-
ments, a display of a patient programmer may also display
information regarding the implantable drug delivery device
and/or the programmed drug delivery regimen, such as
current status data or historical data of the device (e.g.,
amount of drug dispensed and remaining to be dispensed,
dosage history, existence of a fault condition, etc.), as well
as physiological data of the patient.

[0031] In various embodiments, the patient programmer
device may be physically coupled to a telemetry unit con-
figured for wireless communication with the implantable
drug delivery device. In embodiments, the patient program-
mer device may be removably coupled to the telemetry unit.
The telemetry unit may be the same unit or a different unit
than the telemetry unit used by the clinician mobile com-
puting device for programming of the implantable drug
delivery device. In some embodiments, the patient program-
mer device may be integral with the telemetry unit (i.e., it is
not removably coupled to the telemetry unit). In some
embodiments, the patient programmer may be a separate
device, such as a mobile computing device (e.g., a phone,
tablet computer, etc.) or a dedicated patient programmer unit
having a feedback component and a patient input mecha-
nism (e.g., a touchscreen display), useable by the patient and
configured with software instructions to enable the device to
receive and store parameters related to allowable modifica-
tions to a programmed drug delivery regimen, and to com-
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municate with a separate telemetry unit to transmit instruc-
tions to modify the drug delivery regimen when authorized
by the stored parameters.

[0032] Various embodiments are directed to a telemetry
unit for an implantable drug delivery device. The telemetry
unit may include a communication circuit for providing a
communication interface with a mobile computing device, a
transmitter/receiver component (e.g., a magnetic coil) for
wireless signal communication with the implantable drug
delivery device, and a processor and associated memory
(e.g., a buffer) configured to provide a communication
interface with the implantable drug delivery device.

[0033] The telemetry unit may further comprise a housing
that may be coupled to a mobile computing device such that
while the mobile computing device is coupled to the hous-
ing, the telemetry unit may establish a communication link
with the mobile computing device. In some embodiments,
the mobile computing device may be received by the hous-
ing and physically coupled to the telemetry unit during
programming of an implantable drug infusion device, and
may be removed from the housing after the implantable
device is programmed.

[0034] In various embodiments, the telemetry unit may
comprise a housing that may be coupled to a patient pro-
grammer component configured to enable a patient to selec-
tively modify the drug delivery regimen of an implantable
drug delivery device within parameters set by medical
personnel. In some embodiments, the same telemetry unit
may be used with both the mobile computing device during
programming of the implantable drug infusion device and
the patient programmer. For example, once the implantable
drug delivery device is programmed and the mobile com-
puting device is removed from the housing, a patient pro-
grammer component may be inserted into the housing. The
patient programmer component may include, for example, a
user input component (e.g., a button) and circuitry config-
ured to detect a patient input event from the user input
component (e.g., a button push) and to communicate an
instruction to modify the drug delivery regimen (e.g., by
administering a bolus dose) to the wireless transmitter/
receiver component of the telemetry unit. The patient pro-
grammer component may also include a user feedback
component, such as a display (e.g., an LCD screen, LED
indicator(s), etc.) that may indicate whether or not a pro-
posed user modification to the drug delivery regimen (e.g,,
a button push to request a bolus dose) was allowed and/or
successfully implemented. The telemetry unit and/or the
patient programmer component may further include com-
munication circuitry configured to receive parameters
related to allowable modifications to a programmed drug
delivery regimen, a memory for storing the received param-
eters, and a processor, coupled to the memory for determin-
ing whether or not a proposed modification to the drug
delivery regime corresponding to a detected patient input
event (e.g., a button push) is allowed based on the stored
parameters. When the proposed modification is allowed, the
telemetry unit may transmit the instruction to the implant-
able drug delivery device.

[0035] In an alternative embodiment, the patient program-
mer component is not removable from the housing but may
be an integral part of the telemetry unit.

[0036] In further embodiments, a first telemetry unit
telemetry unit may comprise a housing adapted to receive a
mobile computing device such that while the mobile com-
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puting device is received by the housing, the telemetry unit
may establish a communication link with the mobile com-
puting device for programming of the drug infusion device.
A second telemetry unit may comprise a housing adapted to
receive a patient programmer component configured to
enable a patient to selectively modify the drug delivery
regimen of an implantable drug delivery device within
parameters set by medical personnel.

[0037] Various embodiments enable leveraging the flex-
ibility, user-intuitiveness, processing power and networking
capabilities of commonly-used mobile computing devices,
such as mobile phones, tablet computers and PDA’s, for
programming and control of an implantable drug delivery
system, while simplifying the requirements of dedicated
electronic devices associated with such systems.

[0038] FIG. 1A illustrates a system 100 for programming
an implantable drug delivery device 101 using a mobile
computing device 301 according to one aspect of the inven-
tion. FIG. 1A schematically illustrates a patient 10 with an
implantable drug delivery device 101 and an external telem-
etry unit 201 for communicating with the implantable drug
delivery device 101 while it is inside the patient 10. The
patient 10 may be a mammalian patient, such as a human.
The implantable drug delivery device 101 may communicate
with the implantable drug delivery device over a wireless
link 203. In one embodiment, the wireless link 203 uses a
magnetic-based pulse position modulation (PPM) protocol,
although other technologies and protocols could be utilized.
[0039] The implantable drug delivery device 101 may
include a drug reservoir 103, a drug infusion pump 105, an
internal controller 107 (e.g., a processor 109 and associated
memory 111) that is configured to control the operation of
the drug infusion pump 105, a wireless transceiver 113 for
providing two-way communication between the internal
controller 107 and the external telemetry unit 201, one or
more sensors 115 that provide data to the controller 107
regarding conditions of the drug delivery device 101 and/or
physiological conditions of the patient 10 (e.g., body tem-
perature, heart rate, etc.), and a power source 117 (e.g., a
battery), all of which may be housed in a biocompatible or
bio-inert housing 119. The drug delivery device 101 further
includes an outlet 121 for delivering metered doses of a drug
to the patient 10, which may be via a delivery catheter 123
extending from the outlet 121 to one or more drug delivery
sites 12 in target tissue.

[0040] The internal controller 107 controls the operation
of the drug delivery device 101 by actuating the drug
infusion pump 105, which may be a valve accumulator
pump, based on control regimens (e.g., codes and com-
mands) stored in memory 111 and executed by the processor
109 of the internal controller 107. The control regimens are
executed to activate the drug infusion pump 105 so as to
automatically dispense the drug from the drug reservoir 103
in accordance with a prescribed duration, flow rate or other
parameters of drug delivery.

[0041] The internal controller 107 may also receive data
from the sensors 115 and may use the sensor data to adjust,
start or terminate the delivery of drugs. The manner in which
the controller responds to sensor data may be prescribed by
the stored control regimen.

[0042] The internal controller 107 may also be configured
to receive a new, modified or updated drug delivery control
regimen over the wireless link 203 from the external telem-
etry unit 201, and to store a received new, modified or
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updated drug delivery control regimen in the memory 111 of
the controller 107. The controller 107 may then operate the
drug infusion pump 105 to deliver the drug in accordance
with the new, modified or updated control regimen. In this
way, the implantable drug delivery device 101 may be
programmed and/or re-programmed remotely over the wire-
less link 203, including when the device 101 is implanted in
tissue of a patient 10. The internal controller 107 may also
receive periodic commands from the patient 10 to modify
the programmed drug delivery control regimen, such as by
delivering a bolus dose of the drug to the patient, as
described below. The internal controller 107 may also be
configured to send data to another device over the wireless
link 203, such as data related to the status of the device 101
(e.g., dosage history, amount of drug delivered and amount
remaining in drug reservoir, remaining power, device mal-
functions, etc.) and/or physiological data of the patient 10.

[0043] The telemetry unit 201 may be located external to
the patient 10, and may include a wireless transmitter/
receiver element 205, such as a magnetic coil, for commu-
nicating with the drug delivery device 101 over the wireless
link 203. The telemetry unit 201 may include a housing 207
containing the transceiver 205 and associated circuitry, as
well as a power supply 209 (e.g., one or more batteries). In
embodiments, the telemetry unit 201 may be a portable unit
that is designed to be maintained in close proximity to the
patient 10 and within wireless range of the implanted drug
delivery device 101, and may be, for example, carried or
worn by the patient 10, or affixed to the skin of the patient
10.

[0044] The telemetry unit 201 may include a communi-
cation circuit 215 to provide a communication interface 217
with another device, such as the mobile computing device
301 shown in FIG. 1A. The communication interface 217
with the mobile computing device 301 may be via a physical
(e.g., wire, cable, plug, etc.) connection, such as a USB
connection. Alternatively or in addition, the interface 217
may be a wireless interface, including a short-range wireless
interface, such as a Personal Area Network (PAN) interface
using a IEEE 802.15x standard (e.g., a BLUETOOTH®
interface), or a near-field wireless interface. The telemetry
unit 201 may further include a control processor 211 and
memory 213 (e.g., an input/output buffer) to provide modu-
lation and demodulation of signals sent to and from wireless
transmitter/receiver 205. Thus, in various embodiments, the
telemetry unit 201 may provide a bridge for communication
between the implantable drug delivery device 101 and a
mobile computing device 301, such that that the mobile
computing device 301 may communicate with and program
the implantable drug delivery device 101, as described
below.

[0045] The telemetry unit 201 may be configured to be
physically coupled to the mobile computing device 301. For
example, the housing 207 of the telemetry unit 201 may
include an opening 219, such as a cavity, slot, recess, cradle,
etc., that may be configured to receive the mobile computing
device 301 such that the mobile computing device 301 may
be physically coupled to the telemetry unit 201. In some
embodiments, the telemetry unit 201 may include one or
more features that may be configured to be received in an
opening in the mobile computing device 301 to physically
couple the mobile computing device 301 to the telemetry
unit 201. For example, the housing 207 of the telemetry unit
201 may include a plug, such as a USB plug, that may plug
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into a USB port on the mobile computing device 301. As
discussed above, in various embodiments the communica-
tion interface 217 between the mobile computing device 301
and the telemetry unit 201 may be a short-range interface
(e.g., 10 meters or less, such as 5 meters or less), and in the
case of a near-field interface or a physical connector intet-
face, the devices may need to be in relatively close prox-
imity (e.g., ~5 cm or less), or even physically contacting
each other, in order to establish a connection. This may serve
an important safety function, since requiring the devices to
be in relatively close proximity to establish a connection
may minimize the possibility that the mobile computing
device 301 will unintentionally establish a connection with
any telemetry unit other than the telemetry unit 201 asso-
ciated with the implantable drug delivery device 101 to be
programmed. Providing a physical coupling between the
mobile computing device 301 and the telemetry unit 201
during programming of the implantable device 101 helps
ensure that the mobile computing unit 301 and telemetry
unit 201 establish a robust connection for transfer of pro-
gramming and other data that will not be interrupted during
the programming of the implantable device 101.

[0046] The system 100 may also include a mobile com-
puting device 301 configured to program the implantable
infusion device 101. The mobile computing device 301 may
be a typical portable computing device (e.g., smartphone,
tablet, etc.) with communication capabilities for transmitting
and receiving data over a communication network 303, such
as a cellular telephone network, a radio access network, a
WiFi network, a WIMAX network, etc. In one example, as
shown in FIG. 1A, the communication network 303 is a
cellular telephone network that includes a plurality of access
points 305 (e.g., base stations) coupled a network operations
center 308 which may operate with other network infra-
structure (e.g., servers, routers, etc., not shown) to connect
the mobile computing device 301 to other network destina-
tions, such as a server 331, which may be via telephone land
lines (e.g., a POTS network, not shown) and/or the Internet
307. Communications between the mobile computing device
301 and the communication network 303 may be accom-
plished via a two-way wireless communication link 309,
which may use 4G, 3G, CDMA, TDMA, LTE and/or other
technologies.

[0047] Alternatively or in addition, the communication
network 303 may be a local area network (LAN) or campus
network, such as a private hospital network. The mobile
computing device 301 may communicate with network
access point(s) 305 via a short or medium range wireless
communication link, such as a IEEE 801.11 standard (e.g.,
WiFi) or BLUETOOTH® link. The network 303 may
optionally provide access to an external wide-area network
(WAN), such as the Internet 307.

[0048] A typical mobile computing device 301 for use in
the various embodiments may include the components illus-
trated schematically in FIG. 2. For example, mobile com-
puting device 301 may include a processor 311 coupled to
internal memory 313 and to a display 315. Additionally, the
mobile computing device 301 may have an antenna 317 for
sending and receiving electromagnetic radiation that is con-
nected to a wireless data link and/or cellular telephone
transceiver 319 coupled to the processor 311. In some
embodiments, the transceiver 319 and portions of the pro-
cessor 311 and memory 313 used for cellular telephone
communications may be collectively referred to as the air
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interface. The mobile computing device 311 may further
include one or more additional communication modules
321, 323, 325 coupled to the processor 311, such as a USB
communication module 321, which may include a USB port
and associated control circuitry, a PAN communication
module 323, which may include a wireless PAN (e.g,
BLUETOOTH®) transmitter/receiver and associated con-
trol circuitry, and a near-field communication (NFC) module
325, which may include a NFC transmitter/receiver and
associated control circuitry. The mobile computing device
301 may also include a user input component 327 coupled
to the processor 311, which may be, for example, a touch-
screen user interface, a keypad and/or one or more buttons
or switches.

[0049] The processor 311 may be any programmable
microprocessor, microcomputer or multiple processor chip
or chips that can be configured by software instructions
(applications) to perform a variety of functions. In some
devices, the processor 311 may include internal memory
sufficient to store the application software instructions. In
many mobile computing devices, the internal memory 313
may be a volatile or nonvolatile memory such as flash
memory, or a mixture of both. For the purpose of this
description, a general reference to memory includes all
memory accessible to the processor 311, including internal
memory 313, removable memory plugged into the mobile
computing device, and memory within the processor 313
itself.

[0050] The system 100 may also include a patient pro-
grammer unit 401, as shown in FIG. 1A. The patient
programmer unit 401 may be usable by the patient 10 to
selectively modify the drug delivery regimen of an implant-
able drug delivery device 101 within parameters set by a
physician or other medical clinician. In some embodiments,
the patient programmer unit 401 may be a simple, easy-to-
use device with limited functionality, such as functionality to
enable a patient to administer an extra dose (i.e., a bolus
dose) of the drug when needed.

[0051] As schematically illustrated in FIG. 1A, the patient
programmer unit 401 may include an internal controller 403
(e.g., a processor 405 and associated memory 407), a user
input component 409 coupled to the controller 403, and a
display 411 coupled to the controller 403. The user input
component 409 may be as simple as a button that a user may
push to request the administration of a bolus dose of
medication. Other more complex user input components can
also be utilized. Similarly, the display 411 may be a rela-
tively simple, low-cost display, such as an LCD screen, LED
indicator(s), and/or audio alarm(s), that provides the patient
with feedback regarding the operations of the patient pro-
grammer unit 401, such as whether or not request for a bolus
dose is successful.

[0052] Insome embodiments, the patient programmer unit
401 may resemble a typical mobile communication device
(e.g., a smartphone) but with limited functionality. For
example, the display 411 of the patient programmer unit 401
may be a touchscreen display that may also function as a
user input component 409. The patient programmer unit 401
may also include additional input component(s) 409, such as
one or more hard keys, switches, buttons, etc. In some
embodiments, the user input component 409 may comprise
circuitry that detects a user input event external to the patient
programmer unit 401, such as a push of a button or hard key
located on the telemetry unit 201. The patient may use the
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patient programmer unit 401 to selectively modify the drug
delivery regimen of the implantable drug delivery device
101 within prescribed parameters (e.g., request a bolus dose)
as well as to display information regarding the implantable
drug delivery device and/or the programmed drug delivery
regimen, such as current status data or historical data of the
device (e.g., amount of drug dispensed and remaining to be
dispensed, dosage history, existence of a fault condition,
etc.), and physiological data of the patient when such data is
available.

[0053] The patient programmer unit 401 may also include
a communication module 413 coupled to the processor 405
that enables the patient programmer unit 401 to communi-
cate with at least one other device. For example, the com-
munication module 413 may enable the patient programmer
unit 401 to establish a wired (e.g., USB) or wireless (e.g.,
near-field communication (NFC), personal area network
(PAN) communication such as BLUETOOTH®, etc.) com-
munication link 415 with the telemetry unit 201 for trans-
mitting commands to the telemetry unit 201 (e.g., in
response to a button push) for relay to the implantable drug
delivery device 101. The patient programmer 401 may also
receive feedback from the telemetry unit 201 regarding the
status of a command (e.g., whether it was successfully
transmitted to the implantable device 101, whether a
requested bolus dose was successfully administered, etc.).
The communication module 413 may also establish a wired
or wireless communication link 417 with the mobile com-
puting device 301 for programming of the patient program-
mer unit 401. In some embodiments, the patient programmer
unit 401 may include an antenna and transceiver, such as
shown in FIG. 2, and may be capable of communicating with
distant servers 331 and/or making a connection with the
Internet 300 via a wireless telecommunication network 303
(e.g., via wireless communications with a network 305,
308).

[0054] The controller 403 of the patient programmer unit
401 may be configured to receive parameters related to
allowable modifications to a programmed drug delivery
regimen, and to store such received parameters in memory
407. The parameters may include, for example, a total
number of bolus doses that may be requested by the patient,
the number of bolus doses that may be requested in a given
time period, a minimum wait time between successive
requests for bolus doses, the volume of each bolus dose, etc.
When the patient 10 inputs a request to modify the pro-
grammed drug delivery regimen (e.g., by requesting a bolus
dose), the processor 405 of the patient programmer device
401 may be configured to either allow or deny the request,
in accordance with the parameters stored in memory 407,
and to indicate on the display 411 whether the request was
allowed.

[0055] The patient programmer unit 401 may be config-
ured to be physically coupled to the telemetry unit 201. In
some embodiments, the patient programmer unit 401 may be
sized and shaped so as to be received in the opening 219 of
the housing 207 of the telemetry unit 201. Thus, after the
mobile computing device 301 is finished programming the
implantable drug delivery device 101, the mobile computing
device 301 may be removed from the housing 207 of the
telemetry unit 201 and the patient programmer unit 401 may
be inserted into the opening 219 of the housing 207. The
patient programmer unit 401 may be programmed with
patient-modification parameters by the mobile computing
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device 301 at any time during the programming process,
including either before or after the patient programmer unit
401 is placed into the opening 219 of the telemetry unit
housing. After programming is complete, the patient pro-
grammer unit 401, coupled to the telemetry unit 201, may be
provided to the patient 10 and used by the patient to request
modifications to the programmed drug delivery regimen, in
accordance with the stored patient modification parameters.

[0056] In an alternative embodiment, the telemetry unit
201 and patient programmer unit 401 may be combined into
an integrated patient programmer/telemetry unit 501, as
shown in FIG. 1B. In this embodiment, a mobile computing
device 301 may be coupled to the combined patient pro-
grammer/telemetry unit 503, such as by being received in an
opening 503 of the combined patient programmer/telemetry
unit 503, for programming of both the implantable drug
delivery device 101 and the patient programmer component
of the combined patient programmer/telemetry unit 501.

[0057] The combined patient programmer/telemetry unit
501 may include a transmittet/receiver element 511 for
communicating with the implantable drug delivery device
101 via wireless link 203, a controller 505, which may
include a processor 507 and memory 505, and a communi-
cation module 513 for establishing a wired or wireless link
217 with a mobile computing device 301 for programming
of the implantable drug delivery device 101 and for pro-
gramming of patient modification parameters, which may be
stored in the memory 505 of the unit 501. The unit 501 may
also include a user input component 513 to enable the patient
10 to request a patient modification to the drug delivery
regimen (e.g., a bolus dose) and a display 515 to display a
status of the unit 501. All these components may be housed
in a common housing 519, which may also include an
internal power supply 517 (e.g.. a battery).

[0058] In yet another alternative embodiment, the above-
described patient programmer functionality may not be
provided by a dedicated device, such as patient programmer
unit 401 shown in FIG. 1A, but may instead be provided by
a second mobile computing device 601, as shown in FIG.
1C. The second mobile computing device 601 may be a
typical portable computing device (e.g., smartphone, tablet,
etc.) that may include the components illustrated in FIG. 2.
The second mobile computing device 601 may be config-
ured with software (e.g., application software) to enable the
patient to selectively modify the drug delivery regimen of an
implantable drug delivery device 101 within parameters set
by a physician or other medical clinician. The parameters
may be received from the first mobile computing device 301
and stored in the memory of the second device 601. The
parameters may be received over a wired or wireless link
603 between the first and second mobile computing devices
301, 601. In some embodiments, the parameters or updated
parameters may be received remotely over a link 607 with
communications network 303. The parameters may be
received from the first mobile computing device 301 or from
another network 303 resource or node, including from the
Internet 307. The second wireless computing device 601
may be configured to provide a wired or wireless link 605 to
the telemetry unit 201 for transmitting instructions to modify
the programmed drug delivery regimen (e.g., by adminis-
tering a bolus dose) to the implantable drug delivery device
101. Executable software on the second mobile computing
device 601, which may be downloaded to the device 601
over communication network 303, may enable the patient 10
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to input requests to modify the programmed drug delivery
regimen via the user interface of the second mobile com-
puting device 601. The second mobile computing device 601
may be physically coupled to the telemetry unit 201, such as
by being inserted into an opening 219 in the housing 207 of
the telemetry unit 201, to help ensure a robust connection
between the second mobile computing device 601 and the
telemetry unit 201 for communicating patient requests to the
implantable drug delivery device 201.

[0059] In some embodiments, the second mobile comput-
ing device 601 may be used to program the implantable drug
delivery device 101 with a new or updated drug delivery
regimen. The drug delivery regimen may be received at the
second mobile computing device 601 over the network 303,
and may be received from another device, such as first
mobile computing device 301, used by a physician or other
medical professional. The received drug delivery regimen
may be transmitted from the second mobile computing
device 601 to the implantable drug delivery device 101 for
programming of the device 101 via the telemetry unit 201.

[0060] In yet another alternative embodiment, two sepa-
rate telemetry units 201A, 201B may be utilized as shown in
FIG. 1D. Fach telemetry unit 201 A, 201B may be similar to
the telemetry unit 201 described above in connection with
FIG. 1A. A first telemetry unit 201A may have a commu-
nication circuit 215A configured to provide a communica-
tion interface 217 with the mobile computing device 301 for
programming of the implantable drug infusion device 101 as
described above. The housing 207A of the first telemetry
unit 201A may include an opening 219A that is configured
to receive the mobile computing device 301 such that the
mobile computing device 301 may be physically coupled to
the telemetry unit 201. The second telemetry unit 201B may
have a communication circuit 215B to provide a communi-
cation interface 415 with the patient programmer unit 401 to
enable the patient to request modifications to the pro-
grammed drug delivery regimen as described above. A
housing 207A of the second telemetry unit 201B may
include an opening 219B that is configured to receive the
patient programmer unit 401 such that the patient program-
mer unit 401 may be physically coupled to the second
telemetry unit 201B. Altemately, the patient programmer
unit 401 may be integral with the second telemetry unit
201B.

[0061] FIG. 3 is a process flow diagram illustrating an
embodiment method 700 for programming an implantable
drug delivery device, such as device 101 shown in FIGS.
1A-D. The method 700 may be performed by a mobile
computing device 301, such as shown in FIGS. 1A-2, and in
particular by a processor 311 of a mobile computing device
301 that is configured with processor-executable software
instructions that may be stored in a memory 313 of the
device. The software instructions may be application soft-
ware that may be downloaded to the mobile computing
device 301 over a communications network (e.g., network
303 and/or Internet 307 in FIGS. 1A-D), and may be
downloaded from a server 331. In various embodiments, a
downloadable version of application software allows gen-
eral purpose computing devices to download and run the
software that provides functionality for programming of
implantable drug delivery devices. In other embodiments,
the mobile computing device 301 may have factory-installed
application software for supporting the device programming
functions.
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[0062] Inblock 701 of method 700, the mobile computing
device 301 may establish a connection with a telemetry unit
configured for wireless communication with an implantable
drug delivery device. As shown in FIGS. 1A-D, for example,
the mobile computing device 301 may establish a connec-
tion to the telemetry unit 201, 501, 201A via a wired or
wireless link 217, such as via a USB connection, a wireless
PAN (e.g., BLUETOOTH®) connection, or a near field
communication (NFC) connection. The establishing of a
connection with the telemetry unit may occur substantially
simultaneously with a physical coupling of the mobile
computing device 301 and the telemetry unit, such as by
placing the mobile computing device 301 within an opening
219, 503, 219A of the telemetry unit 201, 501, 201A.

[0063] The establishing of a connection with the telemetry
unit may optionally include an authentication process to
ensure that the mobile computing device 301 and/or the user
of the device 301 is authorized to communicate with and
program the implantable drug delivery device 101. For
example, the mobile computing device 301 may provide
credentials (e.g., an identifier, security key, password, etc.)
to the telemetry unit 201, 501, 201 A and/or to the implant-
able device 101 which may be checked by logic on the
telemetry unit 201, 501, 201 A or the implantable device 101
to ensure that the mobile device 301 and/or the user of the
device, which is typically a physician or other medical
professional, is authorized to program the device. In
embodiments, the authentication process, or portions
thereof, may be performed remotely over the communica-
tion network 303. For example, the mobile computing
device 301 may communicate over the network 303 with a
server 331, and may provide the server 331 with identifying
information regarding the mobile computing device 301
and/or the user of the device, as well as identifying infor-
mation regarding the implantable device 101 and/or the
patient 10. The server 331 may be configured to access a
database to determine whether the mobile computing device
301 and/or the user of the device 301 is authorized to
program the drug delivery device 101 implanted in the
patient 10. When the mobile device 301 and user are
authorized, the server 331 may transmit authorization data,
which could include a security key, a software plug-in, etc.,
that enables the programming of the implantable device 101
to proceed.

[0064] In optional block 703 of method 700, the mobile
computing device 301 may receive data from the implant-
able drug delivery device 101. The data may be sent from the
implantable drug delivery device 101 to the telemetry unit
201, 501, 201A via wireless connection 203, and passed to
the mobile computing device 301 over the connection 217
with the telemetry unit 201, 501, 201A. The data may relate
to the status of the implantable drug delivery device 101
(e.g., dosage history, amount of drug delivered and amount
remaining in drug reservoir, remaining power, device mal-
functions, etc.) and/or physiological data of the patient 10,
which may be useful to the physician when programming
the implantable device 101 with a new or updated drug
delivery regimen.

[0065] In block 705 of method 700, the mobile computing
device 301 may display user-selectable drug delivery set-
tings for the implantable drug delivery device 101. The
user-selectable settings may be displayed in a graphical user
interface on a display screen of the mobile computing device
301, for example. In embodiments, the application software
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running on the mobile computing device 301 may be con-
figured to walk the physician through the process of creating
a new or modified drug delivery regimen for the patient. At
least one selection of a drug delivery setting may be received
at block 707. The drug delivery settings may be entered by
a physician or other authorized clinician using the user
interface component of the mobile computing device 301,
which may be a touchscreen interface, a keypad, or the like.
The at least one selection of a drug delivery setting may
comprise a new or updated drug delivery regimen.

[0066] In block 709, the received selection(s) may be
translated into a signal format that is readable (i.e., able to
be understood) by the telemetry unit 201, 501, 201A. In
block 711, the translated signals corresponding to the
received selection(s) are sent to the telemetry unit 201, 501,
201A. The telemetry unit 201, 501, 201A may then forward
the signals over the wireless link 203, 203A to the implant-
able drug delivery device 101 for programming of the device
101.

[0067] In optional block 713, the mobile computing
device 301 may receive confirmation from the implantable
drug delivery device 101 that the device 101 has been
successfully programmed. The confirmation message may
be sent from the implantable drug delivery device 101 to the
telemetry unit 201, 501, 201A via wireless connection 203,
203A and passed to the mobile computing device 301 over
the connection 217 with the telemetry unit 201, 501, 201A.
Additionally, the telemetry device 201, 501, 201 A and/or the
implantable drug delivery device 101 may send a message
indicating that an attempted programming failed.

[0068] Following programming of the implantable drug
delivery device 101, the connection between the mobile
computing device 301 and the telemetry unit 201, 501, 201A
may be ended in block 715. The mobile computing device
301 may be physically de-coupled from the telemetry umt
201, 501, 201 A. The implantable drug delivery device 101
may deliver drug(s) to the patient in accordance with the
programmed drug delivery regimen.

[0069] As described above and illustrated in FIGS.
1A-1D, the mobile computing device 301, which is config-
ured to provide a programming interface with the telemetry
unit 201, may be capable of communicating with distant
servers 331 and making a connection with the Internet 300
via a wireless telecommunication network 303 (e.g., via
wireless communications 309 with a cellular network 305,
308). Thus, once the mobile computing device 301 has
established a connection with a patient programmer 401
(e.g., FIG. 1A) or a combined patient programmer/telemetry
unit 501 (e.g., FIG. 1B) in block 701, data from the patient
programmer and/or telemetry unit may be relayed via the
wireless telecommunication network 303 in block 703 to a
computing device of a physician at a remote location for
display in block 705. For example, a physician may login to
a website hosted by a server 331 that enables the physician
to receive information relayed by the mobile computing
device 301, such as current user-selectable drug delivery
settings. Further information that may be relayed to a
physician’s computing device at a remote location may
include patient vital signs as may be sensed by the implant-
able drug delivery device 101, fluid levels of one or more
reservoirs within the implantable drug delivery device 101,
and/or electronic status and diagnostic information that may
be relayed by the implantable drug delivery device 101.
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[0070] Using the network accessibility provided by the
mobile computing device 301 and telecommunication net-
works, a physician and a remote location may interact with
a display of programming options for the patient program-
mer, such as interacting with the website hosted by a server
331. Thus, the mobile computing device 301 may receive
selections of drug delivery settings from the physician in
block 707 via communications from a distant computer
(e.g., the Internet). This capability enables physicians to
remotely diagnose, reprogram and otherwise manage the
patient’s implantable drug delivery device 101 and/or
patient programmer 201, 401, 501 without requiring the
patient to come to the doctor’s office. In many situations, this
capability may enable faster and more effective care than
possible with devices that must be programmed locally.

[0071] FIG. 4 is a process flow diagram illustrating an
embodiment method 800 for programming a patient pro-
grammer unit, such as a patient programmer unit 401 as
shown in FIGS. 1A and 1D, a combined patient program-
mer/telemetry unit 602 as shown in FIG. 1B, or a mobile
computing device 601 configured with patient programmer
functionality as shown in FIG. 1C. The method 800 may be
performed by a mobile computing device 301, such as
shown in FIGS. 1A-D, and in particular by a processor 311
of a mobile computing device 301 that is configured with
processor-executable software instructions that may be
stored in a memory 313 of the device, as schematically
shown in FIG. 2. The software instructions may be appli-
cation software that may be downloaded to the mobile
computing device 301 over a communications network (e.g.,
network 303 and/or Internet 307 in FIGS. 1A-D), and may
be downloaded from a server 331. In various embodiments,
a downloadable version of application software allows gen-
eral purpose computing devices to download and run the
software that provides functionality for programming of
patient programmer devices. In other embodiments, the
mobile computing device 301 may have factory-installed
application software for supporting the programming func-
tions. The software for performing the method 800 of FIG.
4 may be the same as or different from software for
programming an implantable drug delivery device, such as
described above in connection with method 700 of FIG. 3.

[0072] Inblock 801 of method 800, the mobile computing
device 301 may establish a connection with a patient pro-
grammer, such as patient programmer unit 401 shown in
FIGS. 1A and 1D, combined patient programmer/telemetry
unit 501 shown in FIG. 1B or a second mobile computing
device 601 configured with a patient programmer function-
ality as shown in FIG. 1C. The mobile computing device 301
may establish a connection to the patient programmer via a
wired or wireless link 415, 217, 603 such as via a USB
connection, a wireless PAN (e.g., BLUETOOTH®) connec-
tion, or a near field communication (NFC) connection. In
embodiments in which the patient programmer is network
enabled, the mobile communication device 301 may estab-
lish the connection via a telecommunications network 303
and/or the Internet 307.

[0073] The establishing of a connection with the patient
programmer may optionally include an authentication pro-
cess to ensure that the mobile computing device 301 and/or
the user of the device 301 is authorized to communicate with
and program the patient programmer 401, 501, 601. For
example, the mobile computing device 301 may provide
credentials (e.g., an identifier, security key, password, etc.)
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to the patient programmer 401, 501, 601 which may be
checked by logic on the patient programmer 401, 501, 601
to ensure that the mobile device 301 and/or the user of the
device 301, which is typically a physician or other medical
professional, is authorized to program the patient program-
mer with parameters for patient modification of a drug
delivery regimen. In embodiments, the authentication pro-
cess, or portions thereof, may be performed remotely over
the communication network 303. For example, the mobile
computing device 301 may communicate over the network
303 with a server 331, and may provide the server 331 with
identifying information regarding the mobile computing
device 301 and/or the user of the device, as well as identi-
fying information regarding the patient programmer 401,
501, 601 and/or the patient 10. The server 331 may be
configured to access a database to determine whether the
mobile computing device 301 and/or the user of the device
301 is authorized to program the patient programmer 401,
501, 601 with parameters for patient modification of a drug
delivery regimen. When the mobile device 301 and user are
authorized, the server 331 may transmit authorization data,
which could include a security key, a software plug-in, etc.,
that enables the programming of the patient programmer
401, 501, 601 to proceed.

[0074] In block 803 of method 800, the mobile computing
device 301 may display user-selectable settings for the
patient programmer. The user-selectable settings may be
displayed in a graphical user interface on a display screen of
the mobile computing device 301, for example. In embodi-
ments, the application software running on the mobile
computing device 301 may be configured to lead the phy-
sician through the process of setting parameters for patient
modification to a programmed drug delivery regimen stored
in an implantable drug delivery device 101. For example, the
parameters may relate to the number of bolus doses of a drug
that a patient may request in a predetermined time period,
the volume of drug administered per bolus, a minimum wait
time between administering bolus doses, time(s) of day in
which bolus doses may be administered, an allowable modi-
fication to a basal rate of drug delivery that a patient may
request, etc. The user of the mobile computing device 301
may enter various parameters relating to allowable patient
modifications, and a selection of at least one parameter for
patient modification of a programmed drug delivery regimen
may be received at block 805. The selection may be entered
using the user interface component of the mobile computing
device 301, which may be a touchscreen interface, a keypad,
or the like.

[0075] In block 807, the selected parameter(s) may be
transmitted to the patient programmer 401, 501, 601 to
program the patient programmer with the selected parameter
(s). In embodiments, the selected parameter(s) may be
transmitted directly to the patient programmer 401, 501, 601
via a link 415, 217, 603. In other embodiments, the selected
parameter(s) may be transmitted to another device, such as
the telemetry unit 201 or the implantable drug delivery
device 101. The selected parameter(s) may be transmitted
while the mobile computing device 301 programs the
implantable device 101, for example. The parameter(s) may
be stored at least temporarily on the other device and later
sent to the patient programmer.

[0076] In optional block 809, the mobile computing
device 301 may receive confirmation from the patient pro-
grammer 401, 501, 601 that the patient programmer has
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been successfully programmed. Additionally, the patient
programmer 401, 501, 601 may send a message indicating
that an attempted programming failed.

[0077] Following programming of the patient programmer
401, 501, 601, the connection between the mobile comput-
ing device 301 and the patient programmer 401, 501, 601
may be ended in block 811. The patient programmer 401,
501, 601 may be used to modify a programmed drug
delivery regimen of the implantable drug delivery device
101 in accordance with the parameters programmed by the
mobile computing device 301.

[0078] FIG. 5 is a process flow diagram illustrating an
embodiment method 900 of programming patient modifica-
tion parameters. The method 900 may be performed in
parallel with method 800 shown in FIG. 4. The method 900
of FIG. 5 may be performed by a patient programmer, such
as a patient programmer unit 401 as shown in FIGS. 1A and
1D, a combined patient programmer/telemetry unit 501 as
shown in FIG. 1B, or a mobile computing device 601
configured with patient programmer functionality as shown
in FIG. 1C. Alternatively, the method 900 may be performed
by the implantable drug delivery device 101, and the logic
for determining whether a requested patient modification to
the programmed drug delivery regimen is permitted may
reside on the implantable device 101 itself.

[0079] In block 901 of method 900, a connection may be
established with a mobile computing device, such as mobile
computing device 301 shown in FIGS. 1A-1D. In block 903,
at least one parameter for patient modification of a pro-
grammed drug delivery regimen is received. The at least one
parameter may relate to the number of bolus doses of a drug
that a patient may request in a predetermined time period,
the volume of drug administered per bolus, a minimum wait
time between administering bolus doses, time(s) of day in
which bolus doses may be administered, an allowable modi-
fication to a basal rate of drug delivery that a patient may
request etc. In block 907, the at least one parameter may be
stored in a memory of the patient programmer.

[0080] In block 905, the at least one received parameter
may be stored in memory, such as in internal memory 407
of a patient programmer unit 401. In optional block 907, a
confirmation may be sent to the programming mobile com-
puting device 301 that the programming of the parameters
was successful. Alternatively, where the programming was
not successful, a message may be sent to the mobile com-
puting device 301 to indicate that the programming was
unsuccessful. In block 909, the connection with the mobile
computing device 301 may be ended.

[0081] FIG. 6 is a process flow diagram illustrating an
embodiment method 1000 of patient modification of a
programmed drug delivery regimen in an implantable drug
delivery device. The method 1000 of FIG. 6 may be per-
formed by a patient programmer, such as a patient program-
mer unit 401 as shown in FIGS. 1A and 1D, a combined
patient programmer/telemetry unit 501 as shown in F1G. 1B,
or a mobile computing device 601 configured with patient
programmer functionality as shown in FIG. 1C. The method
1000 may be performed by a processor of a patient pro-
grammer that is coupled to a memory and configured with
processor-executable instructions for performing the various
steps of the method. The memory may contain stored
parameters for allowable patient modifications to a drug
delivery regimen, which may be programmed by a mobile
computing device 301, as described above in connection
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with FIG. 4. Alternatively, all or a portion of the method
1000 may be performed by the implantable drug delivery
device 101, such as where the logic for determining whether
a requested patient modification to the programmed drug
delivery regimen resides on the implantable device 101.

[0082] 1In block 1001 of method 1000, the patient pro-
grammer may detect an input event corresponding to a
patient request for modification to a programmed drug
delivery regimen. The input event may be, for example, a
button push by a patient on the patient programmer. The
input event may correspond to a request for an additional
dose of a drug (i.e., a bolus dose) from the implantable drug
delivery device 101.

[0083] In block 1003 of method 1000, a determination
may be made as to whether the requested modification is
allowable based on at least one stored parameter. The stored
parameter(s) may relate to the number of bolus doses of a
drug that a patient may request in a predetermined time
period, the volume of drug administered per bolus, a mini-
mum wait time between administering bolus doses, time(s)
of day in which bolus doses may be administered, etc. The
parameters may have been previously set by a physician or
other medical professional, and stored in memory of the
patient programmer. In determination block 1005, the pro-
cessor of the patient programmer may determine whether the
requested modification is allowed. In response to determin-
ing the requested modification is allowed (i.e., determination
block 1005="Yes”), the processor of the patient programmer
may transmit the patient request to the implantable drug
delivery device 101 in block 1007. In determination block
1009, the processor of the patient programmer may deter-
mine whether a confirmation is received that the request has
been successfully received and implemented by the implant-
able drug delivery device 101. In response to determining
that the confirmation is received (i.e., determination block
1009="Yes”), the processor of the patient programmer may
display that the patient request was successful in block 1011.
In response to a determination that the requested modifica-
tion is not allowed (i.e., determination block 1005=“No™), or
in response to a determination that no confirmation is
received from the implantable device (i.e., determination
block 1009="No"), the processor of the patient programmer
may display that the patient request was unsuccessful in
block 1013.

[0084] Various embodiments include a telemetry unit for
an implantable drug delivery device that may be coupled to
a mobile computing device (e.g., a smartphone, tablet, PDA,
etc.) for programming of the implantable drug delivery
device. In some embodiments, after programming, the
mobile computing device may be removed from the telem-
etry unit, and a patient programmer may be coupled to the
telemetry unit for enabling patient requested modifications
to a programmed drug delivery regimen. In other embodi-
ments, after programming the mobile computing device may
be removed from the telemetry unit and a patient program-
mer may be coupled to a different telemetry unit for enabling
patient requested modifications to the programmed drug
delivery regimen. A first embodiment of a telemetry unit
1101 is illustrated in FIGS. 7A-G. FIG. 7A is an exploded
view of the telemetry unit 1101 and a mobile computing
device 301. FIG. 7B illustrates the telemetry unit 1101
coupled to mobile computing device 301. FIG. 7C is a
cross-section view of the telemetry unit 1101 and FIG. 7D
is a rear view of the telemetry unit 1101 coupled to the
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mobile computing device 301. As shown in the drawings,
the telemetry unit 1101 in this embodiment includes a
bottom housing 1103 that may include the transmitter/
receiver element (e.g., telemetry coils) for wireless commu-
nication with the implantable drug delivery device, associ-
ated electronics and a power source (e.g., one or more
batteries). A top cover 1105 may be secured to the bottom
housing 1103, as shown in FIGS. 7B-D. A mobile computing
device 301, such as a smartphone, may be mounted to the
top cover 1105 as shown in FIGS. 7B and 7C. A three-way
connector 1107 may be used to provide a data and/or power
connection (e.g, a USB bridge) between the mobile com-
puting device 301 and the telemetry unit 1101. The three-
way connector 1107 may also include an external port 1109,
such as a USB port. The top cover 1105 and bottom housing
1103 may be secured using a suitable fastening mechanism,
such as internal crush pins. The top cover 1105 may be easily
secured to the bottom housing 1103 and removed from the
bottom housing 1103 by a user. Similarly, the top cover 1105
may be configured so that the mobile computing device 301
may easily snap into the top cover 1105 to secure the device
301 to the top cover 1105 and can be easily removed from
the top cover 1105 after use. In embodiments, the top cover
1105 may be custom made to fit with a particular model of
the mobile computing device 301. Various top covers 1105
may be made to fit with different models of mobile com-
puting devices. The top cover 1105 may be designed such
that the mobile computing device 301 is fully operable while
the device 301 is mounted to the top cover 1105. The top
cover 1105 may include one or more notches or cutouts 1111
at locations corresponding with the locations of buttons or
switches (e.g., a power button) on the mobile computing
device 301.

[0085] After the mobile computing device 301 has pro-
grammed the implantable drug delivery device and/or col-
lected data from the implantable device, the top cover 1105
may be removed from the bottom housing 1103 and the
mobile computing device 301 may be removed from the top
cover 1105. In some embodiments, a patient programmer
1113 may then be secured to the bottom housing 1103, as
shown in FIGS. 7E-G. FIG. 7E shows the patient program-
mer 1113 before it is secured to the bottom housing 1103.
FIG. 7F is a front perspective view of the fully assembled
telemetry unit 1101, and FIG. 7G is a rear view of the unit
1101. The patient programmer 1113 and bottom housing
1103 may be secured using a suitable fastening mechanism,
such as internal crush pins. The patient programmer 1113
may be easily secured to the bottom housing 1103 and
removed from the bottom housing 1103 as needed. The
patient programmer 1113 includes a patient dosing button
1115 and LEDs 1117 that may provide indications of battery
power, whether the telemetry coils are in wireless range of
the implantable device, and whether a button push was
successful. The button 1115 and indicators 1117 may be
electrically connected to the electronics in the bottom hous-
ing 1103. The electronics for translating a button push into
a wireless transmission to the implantable drug delivery
device may be located in the patient programmer 1113
and/or the bottom housing 1103. Similarly, a processor and
associated memory for determining whether a button push is
allowable based on patient modification parameters stored in
the memory may be located in the patient programmer 1113
and/or the bottom housing 1103.
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[0086] A second embodiment of a telemetry unit 1201 is
illustrated in FIGS. 8A-G. FIG. 8A is an exploded view of
the telemetry unit 1201 and a mobile computing device 301.
FIG. 8B illustrates the telemetry unit 1201 coupled to mobile
computing device 301. FIG. 8C is a cross-section view of the
telemetry unit 1201 and FIG. 8D is a rear view of the
telemetry unit 1201 coupled to the mobile computing device
301. Similar to the embodiment of FIGS. 7A-G, the telem-
etry unit 1201 includes a bottom housing 1203 that may
include the transmitter/receiver element (e.g., telemetry
coils) for wireless communication with the implantable drug
delivery device, associated electronics and a power source
(e.g., one or more batteries). A top cover 1205, 1207 may
secure over the bottom housing 1203, as shown in FIGS.
8B-D. The top cover 1205, 1207 in this embodiment may be
a two-piece component, including a first piece 1205 that
receives the mobile computing device 103, and a bottom
piece 1207 that slides over the bottom of the mobile com-
puting device 103 and provides a three-way data/power
connection between the mobile computing device 301, the
bottom housing 1203 and an external port 1209, such as a
USB port. The top cover 1105 and bottom housing 1103 may
be secured using a suitable fastening mechanism, such as
screws. In embodiments, the top cover portions 1205, 1207
may be custom made to fit with a particular model of the
mobile computing device 301. Various top covers 1205,
1207 may be made to fit with different models of mobile
computing devices. The top cover 1205 may include one or
more notches or cutouts 1211 at locations corresponding
with the locations of buttons or switches (e.g., a power
button) on the mobile computing device 301.

[0087] After the mobile computing device 301 has pro-
grammed the implantable drug delivery device and/or col-
lected data from the implantable device, the top cover
portions 1105, 1107 may be removed from the bottom
housing 1203 and the mobile computing device 301 may be
removed. In some embodiments, a patient programmer
1213, 1214 may then be secured to the bottom housing 1203,
as shown in FIGS. 8E-G. FIG. 8E shows the patient pro-
grammer 1213, 1214 in an exploded view before it is
secured to the bottom housing 1203. FIG. 8F is a front
perspective view of the fully assembled telemetry unit 1201,
and FIG. 8G is a rear view of the unit 1201. The patient
programmer in this embodiment is a two-piece patient
programmer that includes a top cover portion 1213, which
may be secured to the bottom housing 1203 similar to the top
cover 1205 shown in FIGS. 8A-D, and a membrane keypad
1214 with an embossed dosing button 1215 and LED
indicators 1217. The button 1215 and indicators 1217 may
be electrically connected to the electronics in the bottom
housing 1203. The electronics for translating a button push
into a wireless transmission to the implantable drug delivery
device may be located in the patient programmer 1213, 1214
and/or the bottom housing 1203. Similarly, a processor and
associated memory for determining whether a button push is
allowable based on patient modification parameters stored in
the memory may be located in the patient programmer 1213,
1214 and/or the bottom housing 1203.

[0088] A third embodiment of a telemetry unit 1301 is
illustrated in FIGS. 9A-G. FIG. 9A is an exploded view of
the telemetry unit 1301 and a mobile computing device 301.
FIG. 9B illustrates the telemetry unit 1301 coupled to mobile
computing device 301. FIG. 9C is a cross-section view of the
telemetry unit 1301 and FIG. 9D is a rear view of the
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telemetry unit 1301 coupled to the mobile computing device
301. Similar to the embodiments of FIGS. 7A-G and 8A-G,
the telemetry unit 1301 includes a bottom housing 1303 that
may include the transmitter/receiver element (e.g., telemetry
coils) for wireless communication with the implantable drug
delivery device, associated electronics and a power source
(e.g., one or more batteries). A top cover 1305 may secure
over the bottom housing 1303 to sandwich a mobile com-
puting device 301 between the top cover 1305 and bottom
housing 1303, as shown in FIGS. 9A-D. The electronics for
data connection and charging may be contained in the
bottom housing 1303. The top cover 1305 may include a slot
or opening for access to an external port 1309, such as a
USB port. The top cover 1205 and bottom housing 1203
may be secured using a suitable fastening mechanism, such
as screws. In embodiments, the top cover 1305 may be
custom made to fit with a particular model of the mobile
computing device 301. Various top covers 1305 may be
made to fit with different models of mobile computing
devices. The top cover 1305 may include one or more
molded switches 1311 at locations corresponding with the
locations of buttons or switches (e.g., a power button) on the
mobile computing device 301.

[0089] After the mobile computing device 301 has pro-
grammed the implantable drug delivery device and/or col-
lected data from the implantable device, the top cover 1305
may be removed from the bottom housing 1303 and the
mobile computing device 301 may be removed. In some
embodiments, a patient programmer 1313 may then be
secured to the bottom housing 1303, as shown in FIGS.
9E-G. FIG. 9E shows the patient programmer 1313 before it
is secured to the bottom housing 1303. FIG. 9F is a front
perspective view of the fully assembled telemetry unit 1301,
and FIG. 9G is a rear view of the unit 1301. The patient
programmer 1313 and bottom housing 1303 may be secured
using a suitable fastening mechanism, such as screws. The
patient programmer 1313 may be easily secured to the
bottom housing 1103 and removed from the bottom housing
1103 as needed. The patient programmer 1313 includes a
patient dosing button 1315 and LEDs 1317 that may provide
indications of battery power, whether the telemetry coils are
in wireless range of the implantable device, and whether a
button push was successful. The button 1315 and indicators
1317 may be electrically connected to the electronics in the
bottom housing 1303. The electronics for translating a
button push into a wireless transmission to the implantable
drug delivery device may be located in the patient program-
mer 1313 and/or the bottom housing 1303. Similarly, a
processor and associated memory for determining whether a
button push is allowable based on patient modification
parameters stored in the memory may be located in the
patient programmer 1313 and/or the bottom housing 1303.

[0090] A fourth embodiment of a telemetry unit 1401 is
illustrated in FIGS. 10A-G. FIG. 10A is an exploded view of
the telemetry unit 1401 and a mobile computing device 301.
FIG. 10B illustrates the telemetry unit 1401 coupled to
mobile computing device 301. FIG. 10C is a cross-section
view of the telemetry unit 1401 and FIG. 10D is a rear view
of the telemetry unit 1401 coupled to the mobile computing
device 301. Similar to the embodiments of FIGS. 7A-G,
8A-G and 9A-G, the telemetry unit 1401 includes a bottom
housing 1403 that may include the transmitter/receiver ele-
ment (e.g., telemetry coils) for wireless communication with
the implantable drug delivery device, associated electronics
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and a power source (e.g., one or more batteries). A top cover
1405 may secure over the bottom housing 1403 to sandwich
a mobile computing device 301 between the top cover 1405
and bottom housing 1403, as shown in FIGS. 10A-D. A
separate connector component 1407 containing a three-way
connector and external (e.g., USB) port may attach to the top
cover 1405 and bottom housing 1403, as shown in FIGS.
10A-D. (The separate connector component 1407 may not
be used with the patient programmer 1413 to reduce foot-
print). The top cover 1405 and bottom housing 1403 may be
secured using a suitable fastening mechanism, such as
screws. [n embodiments, the top cover 1405 may be custom
made to fit with a particular model of the mobile computing
device 301. Various top covers 1405 may be made to fit with
different models of mobile computing devices. The top
cover 1405 may include one or more molded switches 1411
at locations corresponding with the locations of buttons or
switches (e.g., a power button) on the mobile computing
device 301.

[0091] After the mobile computing device 301 has pro-
grammed the implantable drug delivery device and/or col-
lected data from the implantable device, the top cover 1405
may be removed from the bottom housing 1403 and the
mobile computing device 301 may be removed. In some
embodiments, a patient programmer 1413 may then be
secured to the bottom housing 1403, as shown in FIGS.
10E-G. FIG. 10E shows the patient programmer 1413 before
it is secured to the bottom housing 1403. FIG. 10F is a front
perspective view of the fully assembled telemetry unit 1401,
and FIG. 10G is a rear view of the unit 1401. The patient
programmer 1413 and bottom housing 1403 may be secured
using a suitable fastening mechanism, such as screws. The
patient programmer 1413 may be easily secured to the
bottom housing 1403 and removed from the bottom housing
1403 as needed. The patient programmer 1413 includes a
patient dosing button 1415 and LEDs 1417 that may provide
indications of battery power, whether the telemetry coils are
in wireless range of the implantable device, and whether a
button push was successful. The button 1415 and indicators
1417 may be electrically connected to the electronics in the
bottom housing 1403. The electronics for translating a
button push into a wireless transmission to the implantable
drug delivery device may be located in the patient program-
mer 1413 and/or the bottom housing 1403. Similarly, a
processor and associated memory for determining whether a
button push is allowable based on patient modification
parameters stored in the memory may be located in the
patient programmer 1413 and/or the bottom housing 1403.

[0092] FIGS. 11A-11E are plots that illustrate various flow
regimens that may programmed into a drug delivery device
and used to control the delivery of a drug (the infusate) to a
patient according to various embodiments. In FIGS. 11A-
11D, volumetric flow rate of infusate is shown as a function
of time. FIG. 11A illustrates a drug delivery regimen fea-
turing a constant flow rate 1501 over time. FIG. 11B
illustrates a drug delivery regimen featuring a flow rate 1503
that varies over time. FIG. 11C illustrates a drug delivery
regimen featuring a a basal flow rate 1501 (which may be
constant as shown in FIG. 11A or variable as shown in FIG.
11B) with periodic delivery of bolus doses 1515 of the drug,
which may be delivered on a programmed basis and/or on an
as-needed basis in response to a patient request. FIG. 11D
illustrates a periodic drug delivery regimen in which the
infusate may be delivered via a programmed series of
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delivery pulses 1507 (i.e., boluses), with no infusate deliv-
ered between the delivery pulses 1507. The patient may
optionally have the ability to administer additional bolus
doses on an as-needed basis.

[0093] A drug delivery regimen may include various com-
binations of one or more of the flow rate schemes illustrated
in FIGS. 11A-11D. In some embodiments, a particular
dosage of infusate may be delivered in the form of a plurality
of pulses or boluses of the infusate that provide a total
quantity of the dosage over a treatment period, as described
in commonly-owned U.S. Pat. No. 9,180,282, which is
incorporated by reference herein. The period between the
boluses may be selected to provide a prophylactic treatment
to avoid granuloma formation in the tissue proximate to the
delivery site.

[0094] Instead of a pre-programmed scheduled drug deliv-
ery regimen, a drug delivery regimen may include delivery
by user-selection of bolus doses only. This may be referred
to as a user-selected bolus dose drug delivery regimen. In
such a regimen, the patient may control the delivery of the
bolus doses using a patient programmer unit, such as patient
programmer units 401, 501 and 601 described above with
reference to FIGS. 1A-1D. In this regimen, there may be no
pre-programmed scheduled delivery of the drug to the
patient, and the drug may be delivered to the patient exclu-
sively via user-requested bolus doses.

[0095] In some embodiments, the physician may program
the patient programmer unit and/or the drug delivery device
to adhere to certain parameters or limits with respect to
delivery of the infusate by bolus doses. For example, the
programmed parameters may relate to the minimum wait
time (i.e., refractory time) between the administration of
bolus doses, the total number of bolus doses of a drug that
the patient may administer in a predetermined time period
(e.g., per day, per hour, per week, etc.), total quantity of drug
that the patient may administer in a predetermined time
period, time(s) of day in which bolus doses may be admin-
istered, etc.

[0096] For example, with reference to FIG. 11D, the
physician may program a minimum refractory time (tz)
following the delivery of a patient-requested bolus dose
1507 before the patient can successfully request the delivery
of another bolus dose. A request for another bolus dose
within the minimum refractory time (t5) will not be accepted
(i.e., no infusate will be delivered by the drug delivery
device in response to a patient request made on the patient
programmer unit). Following the minimum refractory time
(1), the patient may successfully request another bolus dose.
[0097] FIG. 11E graphically illustrates a further embodi-
ment in which a patient programmer unit may be configured
to enable a patient to select a particular size of bolus dose for
delivery. For example, the patient programmer unit and/or
the drug delivery device may be programmed to selectively
deliver bolus doses of varying sizes (i.e., different volumes
of the drug), such as the three sizes (1, 2, and 3) shown in
FIG. 11E. The patient programmer unit may provide uset-
selectable options to enable a patient to select different size
bolus doses (e.g., via separate hard keys/buttons on the
patient programmer unit and/or via user-selectable menu
options on a user interface display of the patient programmer
unit). It will be understood that more or less than three
different size bolus doses may be utilized. Further, although
the different sizes of the bolus doses (i.e., sizes 1, 2 and 3)
in FIG. 11E are illustrated as having different volumetric
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flow rates 1509, 1511 and 1513 over a given delivery time,
tp, the bolus dose size may also be adjusted by varying the
delivery periods, t,, or by varying the duty cycles of each
bolus within a given delivery period, tp,.

[0098] In some embodiments, the physician may define
the various size(s) of the bolus doses and/or restrict the
size(s) of the bolus available to the patient when program-
ming the device. The physician may further program limits
on the number and frequency of bolus dose administration.
In some embodiments, the ability for a patient to select
particular bolus size (i.e., 1, 2 or 3) at a given time may be
a function of one or more previously administered bolus
doses. For example, following the administration of a rela-
tively large dose (e.g., dose size 3), the minimum refractory
time before the patient is allowed to administer another dose
may be longer than the minimum refractory time following
the administration of a relatively smaller dose (e.g., dose
size 1 or 2). In addition, the minimum refractory time after
a bolus dose is delivered may be variable based on the size
of the subsequently requested bolus dose. For example,
following the administration of a first bolus dose (e.g., a size
1 bolus dose), the minimum refractory time, t,, before
another size 1 bolus dose is allowed to be administered may
be less than the minimum refractory time, t,. before a larger
(e.g., size 2 or 3) bolus dose may be administered.

[0099] The foregoing method descriptions and the process
flow diagrams are provided merely as illustrative examples
and are not intended to require or imply that the steps of the
various embodiments must be performed in the order pre-
sented. As will be appreciated by one of skill in the art the
order of steps in the foregoing embodiments may be per-
formed in any order. Words such as “thereafter,” “then,”
“next,” etc. are not intended to limit the order of the steps;
these words are simply used to guide the reader through the
description of the methods. Further, any reference to claim
elements in the singular, for example, using the articles “a,”
“an” or “the” is not to be construed as limiting the element
to the singular.

[0100] The various illustrative logical blocks, modules,
circuits, and algorithm steps described in connection with
the embodiments disclosed herein may be implemented as
electronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hardware
and software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system. Skilled artisans may implement the
described functionality in varying ways for each particular
application, but such implementation decisions should not
be interpreted as causing a departure from the scope of the
present invention.

[0101] The hardware used to implement the various illus-
trative logics, logical blocks, modules, and circuits
described in connection with the embodiments disclosed
herein may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A general-purpose
processor may be a microprocessor, but, in the alternative,
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the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.
Alternatively, some steps or methods may be performed by
circuitry that is specific to a given function.

[0102] In one or more exemplary embodiments, the func-
tions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored as one or more
instructions or code on a non-transitory computer-readable
medium or non-transitory processor-readable medium. The
steps of a method or algorithm disclosed herein may be
embodied in a processor-executable software module that
may reside on a non-transitory computer-readable or pro-
cessor-readable storage medium. Non-transitory computet-
readable or processor-readable storage media may be any
storage media that may be accessed by a computer or a
processor. By way of example but not limitation, such
non-transitory computer-readable or processor-readable
media may include RAM, ROM, EEPROM, FLASH
memory, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in
the form of instructions or data structures and that may be
accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above are also included within the scope of non-transitory
computer-readable and processor-readable media. Addition-
ally, the operations of a method or algorithm may reside as
one or any combination or set of codes and/or instructions on
a non-transitory processor-readable medium and/or com-
puter-readable medium, which may be incorporated into a
computer program product.

[0103] The preceding description of the disclosed aspects
is provided to enable any person skilled in the art to make
or use the present invention. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to
other aspects without departing from the scope of the
invention. Thus, the present invention is not intended to be
limited to the aspects shown herein but is to be accorded the
widest scope consistent with the principles and novel fea-
tures disclosed herein.

1. A device for communicating with implantable drug

delivery devices, comprising:

an input component;

a feedback component;

a first communication interface configured to communi-
cate with an implantable drug delivery device that is
configured to administer a preprogrammed drug deliv-
ery regimen;

a second communication interface, different from the first
communication interface, configured to communicate
with a mobile communication device;

a memory; and

a processor coupled to the input component, the feedback
component, the first communication interface, the sec-
ond communication interface, and the memory, and
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configured with processor-executable instructions to

perform operations comprising:

receiving, via the input component, a request to modify
the preprogrammed drug delivery regimen;

determining whether the requested modification to the
preprogrammed drug delivery regimen is allowed;

transmitting the requested modification to the prepro-
grammed drug delivery regimen to the implantable
drug delivery device via the first communication
interface in response to determining that the
requested modification is allowed; and

displaying an indication on the feedback component of
whether the received request to modify the prepro-
grammed drug delivery regimen is allowed.

2. The device of claim 1, wherein:

the input component includes one or more of a key, a

keypad, a switch, or a button; and

receiving, via the input component, the request to modify

the preprogrammed drug delivery regimen comprises
detecting a user press on the input component.

3. The device of claim 1, wherein the feedback component
includes one or more of a liquid crystal display (LCD)
screen, a light emitting diode (LED) indicator, a touchscreen
display, or an audio feedback device.

4. The device of claim 1, wherein the processor is
configured with processor-executable instructions to per-
form further operations comprising determining whether the
modification to the preprogrammed drug delivery regimen
was successfully implemented by the implantable drug
delivery device based on signals received via the first
communication interface, and

wherein the processor is configured with processor-ex-

ecutable instructions to perform operations such that
displaying the indication on the feedback component of
whether the received request to modify the prepro-
grammed drug delivery regimen is allowed comprises
displaying an indication on the feedback component of
whether the modification to the preprogrammed drug
delivery regimen was successfully implemented by the
implantable drug delivery device.

5. The device of claim 1, wherein the processor is
configured with processor-executable instructions to per-
form operations further comprising:

receiving, via the second communication interface, the

preprogrammed drug delivery regimen from the mobile
communication device; and

transmitting, to the implantable drug delivery device via

the first communication interface, the preprogrammed
drug delivery regimen received from the mobile com-
munication device.

6. The device of claim 1, wherein:

the processor is configured with processor-executable

instructions to perform operations further comprising:

receiving, via the second communication interface, one
or more parameters associated with allowable modi-
fications to the preprogrammed drug delivery
regime; and

storing the one or more parameters associated with the
allowable modifications to the preprogrammed drug
delivery regime in the memory;

the one or more parameters include one or more of: a total

number of doses permitted to be requested by a patient;
a number of doses permitted to be requested in a given
time period; a minimum wait time between successive
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requests for an additional dose; a volume of each dose;
or a time of day in which a dose may be administered;
and

the processor is configured with processor-executable

instructions to perform operations such that determin-
ing whether the modification to the preprogrammed
drug delivery regimen is allowed is based on the one or
more parameters associated with the allowable modi-
fications to the preprogrammed drug delivery regime
stored in the memory.

7. The device of claim 1, wherein the first communication
interface comprises a magnetic coil configured to commu-
nication using a magnetic-based pulse position modulation
(PPM) protocol, and the second communication interface
comprises a two-way wireless communication interface.

8. The device of claim 1, wherein the processor is
configured with processor-executable instructions to pet-
form operations further comprising:

receiving, via the first communication interface, informa-

tion from the implantable drug delivery device;
storing in the memory information received from the
implantable drug delivery device; and

transmitting the information received from the implant-

able drug delivery device to the mobile communication
device via the second communication interface in a
format configured to be enable the mobile communi-
cation device to generate a user interface display of the
information.

9. The device of claim 1, wherein the second communi-
cation interface comprises a wired communication interface,
a wireless communication interface, or both wired and
wireless communication interfaces.

10. The device of claim 1, wherein the second commu-
nication interface comprises a Universal Serial Bus (USB)
port.

11. The device of claim 1, wherein the second commu-
nication interface comprises a short range wireless commu-
nication interface.

12. The device of claim 1, wherein the processor is
configured with processor-executable instructions to pet-
form operations further comprising:

determining whether the mobile communication device is

within a predetermined proximity threshold of the
device;

establishing, via the second communication interface, a

communication link with the mobile communication
device in response to determining that the mobile
communication device is within the predetermined
proximity threshold.

13. The device of claim 1, wherein the device is config-
ured to be physically coupled to the mobile computing
device.

14. The device of claim 1, wherein the request to modify
the preprogrammed drug delivery regimen comprises a
request for an extra dose of a drug, and determining whether
the requested modification to the preprogrammed drug
delivery regimen is allowed comprises determining whether
administering an extra dose of the drug is permissible within
the preprogrammed drug delivery regimen.

15. A method of programming an implantable drug deliv-
ery device, comprising:

establishing, via a first communication interface of a

device, a first communication link with a mobile com-
munication device;
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receiving, by the device, a preprogrammed drug delivery
regimen from the mobile communication device over
the first communication link;
establishing, via a second communication interface of the
device, a second communication link with the implant-
able drug delivery device;
transmitting the preprogrammed drug delivery regimen
from the device to the implantable drug delivery device
over the second communication link;
receiving, via an input component of the device, a request
to modify the preprogrammed drug delivery regimen;
determining, by the device, whether a modification to the
preprogrammed drug delivery regimen is allowed,
transmitting, via the first communication interface of the
device, instructions to modify the preprogrammed drug
delivery regimen to the implantable drug delivery
device in response to determining that the modification
to the preprogrammed drug delivery regimen is
allowed; and
displaying, via a feedback component of the device, an
indication of whether the request to modify the pre-
programmed drug delivery regimen was successful.
16. The method of claim 15, wherein receiving the request
to modify the preprogrammed drug delivery regimen com-
prises receive a request for an extra dose of a drug admin-
istered by the implantable drug delivery device, and
wherein determining whether the modification to the
preprogrammed drug delivery regimen is allowed com-
prises determining, by the device, whether an extra
dose of a drug provided by the implantable drug
delivery device is permitted by the preprogrammed
drug delivery regimen.
17. The method of claim 15, wherein displaying the
indication of whether the request to modify the prepro-
grammed drug delivery regimen was successful comprises:
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displaying, via the feedback component of the device, a
first indication that the request to modify the prepro-
grammed drug delivery regimen failed in response to
determining that the modification to the prepro-
grammed drug delivery regimen is not allowed; and
displaying, via the feedback component of the device, a
second indication that the request to modify the pre-
programmed drug delivery regimen was successful in
response to determining that the modification to the
preprogrammed drug delivery regimen is allowed.
18. The method of claim 15, further comprising deter-
mining by the device whether instructions to modify the
preprogrammed drug delivery regimen where implemented
by the implantable drug delivery device,
wherein displaying the indication of whether the request
to modify the preprogrammed drug delivery regimen
was successful comprises:
displaying, via the feedback component of the device,
a first indication that the request to modify the
preprogrammed drug delivery regimen failed in
response to determining that the modification to the
preprogrammed drug delivery regimen is not
allowed or that the instructions to modify the pre-
programmed drug delivery regimen where not
implemented by the implantable drug delivery
device; and

displaying, via the feedback component of the device,
a second indication that the request to modify the
preprogrammed drug delivery regimen was success-
ful in response to determining that the modification
to the preprogrammed drug delivery regimen is
allowed and that the instructions to modify the
preprogrammed drug delivery regimen where imple-
mented by the implantable drug delivery device.
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