US 20120265033A1

a2y Patent Application Publication (o) Pub. No.: US 2012/0265033 A1

a9 United States

Akpan

43) Pub. Date: Oct. 18, 2012

(54) EVALUATING DOSING FROM AN
IMPLANTABLE INFUSION DEVICE

(75) Inventor: Emem Akpan, Coon Rapids, MN

(US)

(73) Assignee: MEDTRONIC, INC., Minneapolis,

MN (US)

(21) Appl. No.: 13/085,621

Publication Classification

(51) Int.ClL

AG6IB 5/00 (2006.01)
(G2 N LT ¢! K 600/309
(57) ABSTRACT

A method for evaluating dosing from an implanted infusion
system that includes receiving input regarding the identity of
a therapeutic agent into an external device. The method fur-
ther includes displaying on the external device a predeter-
mined set of symptoms associated with the therapeutic agent;
receiving input into the external device regarding with which
of the symptoms the patient presents; and determining
whether the therapeutic agent is being delivered, or has been
delivered, at an appropriate dose based on the input identity of

(22) Filed: Apr. 13,2011 the therapeutic agent and the input symptoms.
Indication
410
Drug
420 Issue Identification
470
Algorithm
450
Symptoms
430
Intervention
480
Device or
Catheter Status
440




Patent Application Publication  Oct. 18,2012 Sheet 1 of 11 US 2012/0265033 Al

124

210

N
[

W
[
o

100

FIG. 1



Patent Application Publication  Oct. 18,2012 Sheet 2 of 11 US 2012/0265033 Al

—
—
o
—
—
—_—
—

— —
—
3 3
1 |
—
2 |
sl I
1, [
w
RS |
I 1
—
| o |1
| S

FIG. 2
200
242 252
N
218 |—i| 234 236
|

FIG. 3



Patent Application Publication  Oct. 18,2012 Sheet 3 of 11 US 2012/0265033 Al

|00
—
Co
w
w
N
[S8]
w
[0)]

: 332
22 k1
360
FIG. 4
Indication
410
Drug
420 Issue ldentification
470
Algorithm
450
Symptoms
430
Intervention
480
Device or
Catheter Status
440

FIG. 5



Patent Application Publication  Oct. 18,2012 Sheet 4 of 11 US 2012/0265033 Al

500
Input patient symptoms —
Identify drug administered I Input therapeutic indication
\ ~ \
720 510 710
Are symptoms
indicative of under/
overdose?
» Consult lookup table/database
730
No Yes 750
v i v o
Output that symptoms are ! Output that symptoms are | __
not indicative of under/overdose i indicative of under/overdose i
740 : L ;
~---» Continue further evaluation |-----
760

FIG. 6



Patent Application Publication Oct. 18,2012 Sheet 5 of 11

US 2012/0265033 A1

O 0O 00O 0 00 0O

Therarpeutic Agent A

Pale Skin

Easy Bruising or Bleeding
Unusual Weakness
Mouth Sores

Nausea

Vomiting

Black or Bloody Stool
Coughing Up Blood

Infrequent Urination

210

O 0O 0 0O O

Headaches
Dizziness
Tiredness

Blurred Vision

Loss of Balance

FIG. 7



Patent Application Publication  Oct. 18,2012 Sheet 6 of 11 US 2012/0265033 Al

500
Input patient symptoms |—" Output that 540
programming erroris  |—~

likely

530

Is programmed
delivery rate within
predetermined
parameters?

Are symptoms
indicative of under/
overdose?

Output that symptoms are 550

not indicative of under/overdose

Has infusion
device failed?

560__| Output that infusion
device failure

Does catheter

580__| Output that catheter S .
complication exist?

complication exists

600
| Output potential sources of under/overdosing I—-/

FIG. 8



Patent Application Publication  Oct. 18,2012 Sheet 7 of 11 US 2012/0265033 Al

900

Probability that
programming
error contributes to
inappropriate
dosing?

Are symptoms
indicative of under/
overdose?

Output probability that programming error
contributes to inappropriate dosing?

FIG. 9

910



Patent Application Publication  Oct. 18,2012 Sheet 8 of 11 US 2012/0265033 Al

Has infusion
device failed?

A 4 620 hJ 610
Perform battery diagnostics | — Perform pump diagnostics —~

630

Has pumping
mechanism failure
occurred?

Is battery low No

or depleted?

A 4
Perform other suitable diagnostics

\

670

650
Output that battery is low Output that pump has failed |—

660

FIG. 10



Patent Application Publication  Oct. 18,2012 Sheet 9 of 11 US 2012/0265033 Al

500

Input patient symptoms |"/

530

Is programmed
delivery rate within
predetermined
parameters?

Are symptoms
indicative of under/
overdose?

Output that symptoms are
not indicative of under/overdose Output
N Has infusion potential
520 device failed? » causes of
under/over-
dosing
N 930

Does catheter
complication exist?

FIG. 11



Patent Application Publication  Oct. 18,2012 Sheet 10 of 11 US 2012/0265033 Al

OVERDOSE
Possible Causes Probability of Occurrence
Programming Error 95%
Incorrect Drug/Concentration 35%
Battery Depletion 5% _,/21 0
Pump Motor Stall 5%
Catheter Tcar or Break 50%
Catheter Dislodgement 60%
Catheter Occlusion 30%

FIG. 12



Patent Application Publication  Oct. 18,2012 Sheet 11 of 11 US 2012/0265033 Al

OVERDOSE

O Cease therapy?
210

Interrogate infusion device —
Attempt to identify source of overdose?

FIG. 13

OVERDOSE

® Therapy Ceased

210
® No infusion device errors detected —

Perform Catheter Diagnostics —
Attempt to identify source of overdose?

FIG. 14



US 2012/0265033 Al

EVALUATING DOSING FROM AN
IMPLANTABLE INFUSION DEVICE

FIELD

[0001] The present disclosure relates generally to systems
and methods for identifying whether an implantable therapy
delivery system is delivering an appropriate dose of therapeu-
tic agent and for identifying potential sources of inappropri-
ate dosing.

BACKGROUND

[0002] Implantable infusions systems have been used to
treat a variety of diseases, such as spasticity, pain and cancer
by targeting drug delivery to a selected area of a patient.
Therapies employing such systems have proven to be very
helpful for patients for which systemic therapy is not effec-
tive, possible, or practicable. The implantable systems typi-
cally include an implantable infusion device containing a
reservoir for housing the drug and a catheter coupled to the
reservoir to direct the drug to the target area. The devices
typically include a pump or mechanism for driving fluid from
the reservoir, or withdrawing fluid from the reservoir, and
through the catheter.

[0003] Most implantable infusion devices closely control
the rate at which the drug is delivered to ensure that the patient
receives an appropriate dose of the drug. However, there may
be instances in which inappropriate dosing (e.g., under-dose
oroverdose) occurs. Many current devices have electronics or
sensors that allow for monitoring of malfunctions, such as
battery depletion or stalling of the pump. Some infusion
devices have been proposed that are capable of monitoring
catheter complications, such as a leak, a dislodgement, or an
occlusion. Upon detection of an infusion device or catheter
malfunction or the likelihood of such a malfunction, the
device may alert the patient to seek medical attention. The
malfunction event may be stored in device memory and may
be retrieved by a healthcare provider upon a patient visit so
that the nature of the malfunction can be ascertained by the
healthcare provider.

[0004] However, infusion device or catheter malfunctions
are not the only source of inappropriate dosing. In some
instances, the infusion device may be programmed or set to
deliver the drug at a rate that is too high or too low for the
therapy that the patient is receiving; a particular patient may
not respond, or may be too sensitive, to a given drug relative
to the general population; the concentration of the drug intro-
duced into the reservoir may be higher or lower than intended
or appropriate; etc. In such cases, the infusion device and
catheter may be perfectly functional, but the patient does not
receive a dose of the drug that is appropriate for the therapy.
In these cases, it can be difficult to identify the source of the
inappropriate dose or even that an inappropriate dose has
been, or is being, delivered.

[0005] For example, a healthcare provider may interrogate
the infusion device to determine the drug infusion param-
eters. However, if the healthcare provider is the one who set
the parameters initially, the parameters may appear perfectly
appropriate. In addition, it may not be readily apparent in all
cases which of the patient’s symptoms are indicative of an
under- or overdosing of the drug.

SUMMARY

[0006] This disclosure, among other things, describes
devices, systems and methods for determining whether a
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patient is receiving an appropriate dose of a therapeutic agent
from an implantable infusion system. The systems, devices
and methods take into account patient symptoms. In particu-
lar, a healthcare provider is presented with a predetermined
set of symptoms known or suspected to be associated with the
drug delivered to the patient via the implantable infusion
system and selects the symptoms with which the patient pre-
sents. The devices, systems and methods described herein
utilize input regarding the selected symptoms to determine
whether the patient is receiving the appropriate dose, an
under-dose, or an overdose of the therapeutic agent. By taking
into account the patient’s symptoms, the methods, systems,
and devices described herein allow for improved detection of
inappropriate dosing via an implantable infusion system. A
list of symptoms that are indicative of inappropriate dosing or
side effects that are tailored to a particular therapeutic agent
(e.g., baclofen, morphine, or methotrexate) in a particular
patient population (e.g., patients having an implantable infu-
sion device) receiving a particular therapy (e.g. administra-
tion via spinal intrathecal space) allows for better diagnosis of
inappropriate dosing.

[0007] Ifthe patient’s symptoms are indicative of an inap-
propriate dose (e.g., under- or overdose), further investigation
of the potential sources of the inappropriate dosing may be
investigated. For example, the infusion device may be inter-
rogated to determine whether an infusion device or catheter
malfunction or complication has occurred.

[0008] In various embodiments, a method for gauging the
performance of an infusion system implanted in a patient is
described herein. The infusion system includes an infusion
device having a reservoir for containing the therapeutic agent
and a catheter operably coupled to the reservoir for delivering
the therapeutic agent to a predetermined location of the
patient. The method includes receiving input regarding the
identity of the therapeutic agent into an external device. The
external device is capable of communicating with the
implanted infusion device. The method further includes dis-
playing on the external device a predetermined set of symp-
toms associated with the therapeutic agent. The method also
includes receiving input into the external device regarding
with which of the symptoms the patient presents and deter-
mining whether the therapeutic agent is being delivered, or
has been delivered, at an appropriate dose based on the input
identity of the therapeutic agent and the input symptoms. The
method may additionally include displaying on the external
device whether the patient is receiving the appropriate dose of
the therapeutic agent.

[0009] Insomeembodiments, the above-described method
further includes interrogating the infusion device to identify
potential sources of inappropriate dosing if it is determined
that the therapeutic agent is not being delivered, or has not
been delivered, at an appropriate dose. Potential sources of
inappropriate dosing may be displayed on the external device
based on data received as a result of the interrogation. The
method may also include calculating a probability that the
potential source contributes to the inappropriate dosing and
displaying the probability for each of the displayed potential
sources. Examples of potential sources that may be displayed
include (i) programming error; (ii) incorrect therapeutic
agent; (iii) incorrect concentration of therapeutic agent; (iv)
battery depletion; (v) pumping mechanism failure; (vi) cath-
eter tear or break; (vii) catheter occlusion; (viii) catheter
migration; and (ix) catheter dislodgement. The method may
further include calculating a probability that the potential
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source contributes to the inappropriate dosing and displaying
the probability for each of the displayed potential sources.
[0010] The method may further include displaying poten-
tial diagnostic interventions for the displayed potential
sources of inappropriate dosing and may include prompting a
user to select a diagnostic intervention. In some embodi-
ments, the infusion device is instructed to perform a catheter
complication test and the potential catheter complications,
such as catheter break or tear, catheter migration, catheter
dislodgement, and catheter occlusion, may be displayed, as
well as the probability of existence for each of the displayed
catheter complications.

[0011] Invarious embodiments, an external device capable
of communicating with an implantable infusion device is
described herein. The external device includes telemetry
components for wirelessly communicating with the implant-
able infusion device; a display for presenting information to a
user; an input source for receiving input from the user; and
electronics. The electronics are operably coupled to the
telemetry components, the display, and the input source. The
electronics are programmed with instructions that cause the
external device to (i) receive input regarding the identity of a
therapeutic agent being delivered from the implantable infu-
sion device; (ii) display a list of potential patient symptoms
associated with the therapeutic agent; (iii) receive input into
the external device regarding from which of the potential
symptoms the patient suffers; (iv) determine whether the
therapeutic agent is being delivered, or has been delivered, at
an appropriate dose to the patient based on the input identity
of the therapeutic agent and the input symptoms; and (v)
display whether the patient is receiving the appropriate dose
of the therapeutic agent. In some embodiments, the instruc-
tion further cause the electronics to calculate probabilities
that the potential sources contribute to the inappropriate dos-
ing and display the probability for each of the displayed
potential sources.

[0012] The electronics of the above-described external
device may be configured to communicate with a remote
database to aid in determining whether the therapeutic agent
is being delivered, or has been delivered, at an appropriate
dose to the patient based on the input identity of the thera-
peutic agent and the input symptoms.

[0013] One or more embodiments of the systems, devices
and methods described herein may provide one or more
advantages over prior systems, devices and methods for
determining whether a patient is receiving, or has received, an
inappropriate dose of a therapeutic agent from an implantable
infusion system. By taking into account patient symptoms,
determinations may be made on a patient-by-patient basis. By
presenting for selection a predetermined set of symptoms that
are known or suspected to be relevant to a particular thera-
peutic agent or therapy, diagnosis may be improved by lim-
iting input to relevant information. The methods, devices and
systems described herein may allow for the predetermined
symptoms to be updated as additional information is
obtained, allowing further refinement with time. In some
embodiments, the information regarding the patient’s symp-
toms is combined with information regarding device status
(e.g. infusion device or catheter complication or malfunction)
to facilitate identifying the potential sources of error in dos-
ing. In some embodiments the probability that a particular
potential source of error exists is presented, allowing for
informed decisions to be made with regard to intervention
steps to be taken. In many cases, the devices, systems and
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methods described herein provide guidance with regard to the
steps to be taken for intervention and diagnosis of potential
sources of inappropriate dosing. These and other advantages
of one or more embodiments of the methods and systems
described herein will be apparent to those of skilled in the art
upon reading the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorpo-
rated into and form a part of the specification, illustrate sev-
eral embodiments of the present disclosure and, together with
the description, serve to explain the principles of the disclo-
sure. The drawings are only for the purpose of illustrating
embodiments of the disclosure and are not to be construed as
limiting the disclosure.

[0015] FIG. 1 is schematic view showing an infusion sys-
tem implanted in a patient, along with an external device and
remote database.

[0016] FIG. 2 is a schematic block diagram showing some
selected components of an implantable infusion device.
[0017] FIG. 3 is a schematic block diagram showing some
selected components of an external device capable of com-
municating with an implanted infusion device.

[0018] FIG. 4 is a schematic block diagram showing some
selected components of a remote database.

[0019] FIG. 5 is a schematic high level view of data pro-
cessing that may occur with regard to some embodiments
described herein.

[0020] FIG. 6is a flow diagram showing a method or algo-
rithm in accordance with various embodiments described
herein.

[0021] FIG. 7 is a schematic screenshot of an example of a
display that may be presented in accordance with an embodi-
ment described herein.

[0022] FIGS. 8-11 are flow diagrams showing methods or
algorithms in accordance with various embodiments
described herein.

[0023] FIGS. 12-14 are schematic screenshots of examples
ofdisplays that may be presented in accordance with embodi-
ments described herein.

[0024] The schematic drawings presented herein are not
necessarily to scale. Like numbers used in the figures refer to
like components, steps and the like. However, it will be under-
stood that the use of a number to refer to a component in a
given figure is not intended to limit the component in another
figure labeled with the same number. In addition, the use of
different numbers to refer to components is not intended to
indicate that the different numbered components cannot be
the same or similar.

DETAILED DESCRIPTION

[0025] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which are shown by way ofillustration several embodi-
ments of devices, systems and methods. It is to be understood
that other embodiments are contemplated and may be made
without departing from the scope or spirit of the present
disclosure. The following detailed description, therefore, is
not to be taken in a limiting sense.

[0026] All scientific and technical terms used herein have
meanings commonly used in the art unless otherwise speci-
fied. The definitions provided herein are to facilitate under-
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standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

[0027] As used in this specification and the appended
claims, the singular forms “a”, “an”, and “the” encompass
embodiments having plural referents, unless the content
clearly dictates otherwise.

[0028] As used in this specification and the appended
claims, the term “or” is generally employed in its sense
including “and/or” unless the content clearly dictates other-
wise.

[0029] As wused herein, “have”, “having”, “include”,
“including”, “comprise”, “comprising” or the like are used in
their open ended sense, and generally mean “including, but
not limited to.”

[0030] This disclosure relates to, among other things, sys-
tems and methods for identifying whether an implantable
therapy delivery system is delivering an appropriate dose of
therapeutic agent and for identifying potential sources of
inappropriate dosing. The systems, devices and methods take
into account patient symptoms that are preselected based on
the therapeutic agent being delivered to a patient or the par-
ticular therapy that the patient is receiving. The preselected
symptoms are those known or suspected to be associated with
the therapeutic agent or therapy. By taking into account the
patient’s symptoms, the methods, systems, devices, and the
like described herein allow for improved detection of inap-
propriate dosing via an implantable infusion system. By pre-
senting a preselected set of symptoms that are indicative of
inappropriate dosing or side effects that are tailored to a
particular therapeutic agent in a particular patient population
receiving a particular therapy, more reliable and accurate
diagnosis of inappropriate dosing may be possible.

[0031] The devices, systems, methods and the like
described herein may be employed with any suitable implant-
able infusion system. FIG. 1 shows an example of an infusion
system 100 that may be employed in accordance with the
teachings presented herein. The infusion system depicted in
FIG.1 includes an infusion device 110 and a catheter 120. The
catheter 120 is operably coupled to the infusion device 110
such that the catheter 120 is in fluid communication with a
reservoir (not shown in FIG. 1) of the device 110. The
depicted infusion device 110 includes a refill port 118 in
communication with the reservoir disposed within the hous-
ing of the device 110, which allows the supply of therapeutic
agent in the reservoir to be replenished. The infusion device
110 may include any suitable mechanism or structure capable
of delivering one or more fluids to a patient. The structures
used to drive fluids in the infusion devices may be powered
(e.g., piston pumps, diaphragm pumps, peristaltic pumps,
etc.), may be activated based on pressure to drive fluid out of
a reservoir (e.g., using collapsing diaphragms, expanding
bladders, osmotic, etc.), or the like. The infusion device 110
may contain a catheter access port (not shown in FIG. 1) in
communication with the catheter 120.

[0032] Theinfusion system 100 depicted in FIG. 1is shown
implanted in a patient. The proximal end 122 of the catheter
120 is coupled to the infusion device 110. The infusion device
110 may be surgically implanted in any suitable location,
such as subcutaneously in the pectoral, abdominal or other
region of the subject’s body. The distal end 124 of the catheter
120 is implanted in a patient such that the distal end 124 is
located at the selected internal delivery site in the patient (in
the intrathecal space of the patient as depicted in FIG. 1, the
cerebroventricles, or elsewhere as desired).
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[0033] Insomeembodiments, theinfusion system 100 does
not include a separate catheter 120, but rather the infusion
device 110 is implanted in the target region of the patient and
the therapeutic agent is administered directly to the target
region via an outlet of the infusion device.

[0034] An external device 200 capable of wireless commu-
nication with the implanted infusion device 110 is also shown
in FIG. 1. The depicted external device 200 includes a display
210 for presenting information to a user, such as a healthcare
provider. The external device 210 is capable of receiving
input regarding the patient’s symptoms, the identity of the
therapeutic agent, and the like. The display 210 may present
a graphical user interface that allows a user to select or enter
patient symptoms, may present information regarding
whether the patient is receiving an appropriate dose of thera-
peutic agent, may provide guidance regarding intervention or
diagnostic steps taken or to be taken, or the like; e.g. as
discussed in more detail below.

[0035] Also depicted in FIG. 1 is a remote database 300
with which the external device 200 may communicate. The
database 300 may include information regarding symptoms
from a population of patients receiving a particular therapy;
e.g., intrathecal baclofen for treatment of spasticity. The data-
base 300 may also include information regarding infusion
system parameters and status that may be used in conjunction
with patient symptoms to identify potential sources of dosing
issues. For example, the database 300 may include informa-
tion regarding drug concentration, delivery rate, delivery
location, disease being treated, appropriate dosing ranges,
symptoms of patients that have been attributed to under-
dosing, symptoms of patients that have been attributed to
overdosing, symptoms of patients that have been attributed to
side effects, infusion device performance parameters or sta-
tus, catheter performance parameters or status, or the like.
The database 300 may include information regarding any
number of patients and may be updated from time to time. In
some embodiments, the remote database 300 is updated fol-
lowing presentation of new information from the external
device 200. The remote database 300 may be housed in
memory of an appropriate device, such as a server or other
computer, programmer (such as a physician programmer), or
the like.

[0036] The external device 200 may compare input data
regarding patient symptoms or system parameters or status to
data in the database 300 to determine whether the patient is
receiving an appropriate dose of therapeutic agent or the
potential sources for an inappropriate dose. In some embodi-
ments, the database 300 is associated with a processor pro-
grammed with instructions that allow the database processor
to make such determinations and to provide information
regarding the determinations to the external device 200. In
some embodiments, no remote database 300 is employed and
relevant data is stored in the external device 200; e.g., in a
lookup table.

[0037] Any suitable external device, such as a programmer
(e.g., a Medtronic, Inc. N'Vision® clinician programmer or a
Medtronic, Inc. myPTM® patient programmer), a tablet
computer, a smart phone, a personal data assistance, a laptop
computer, or the like, may be employed. In some embodi-
ments, the external device 200 is a desktop computer with an
associated monitor serving as the display 210.

[0038] Referring now to FIG. 2, some selected components
that an infusion device 110, an external device 200 and a
remote device 360, in which the database 300 is stored, may
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include are depicted in block form. The infusion device
depicted in FIG. 2 includes infusion rate control components
112, such as a pump, valves, or the like, operably coupled to
a reservoir 114. The infusion rate control components 112
control the rate at which fluid from the reservoir 114 exits
outlet 116, to which a catheter may be coupled. While shown
as upstream of the reservoir 114, the infusion rate control
components 112 may be upstream or downstream, or some
components upstream and some downstream, of the reservoir
114, depending on the particular configuration of the infusion
device 110 employed.

[0039] The depicted infusion device 110 also includes a
power supply 118 operably coupled to the pumping mecha-
nism 112, to control electronics 132, and to telemetry com-
ponents 142. Telemetry components 142 may include, for
example, a telemetry antenna, an analog to digital convertor,
or the like. The telemetry components 142 are in communi-
cation with the control electronics 132 which can translate or
encode or decode information sent or received through the
telemetry antenna. The control electronics 132 are also oper-
ably coupled to the infusion rate control components 112 to
control the rate of infusion of a therapeutic agent from the
reservoir based on programmed instructions. The control
electronics 132 may include a processor 134 and memory 136
as shown, as well as any other suitable or necessary compo-
nents. Memory 136 may be RAM, ROM or the like. In many
embodiments, memory 136 includes RAM and ROM.
Instructions with regard to infusion rate or device status may
be stored in memory. Typically, following implantation of the
device 110 or on refill of the reservoir 114, instructions or data
regarding the infusion rate, the disease treated, and the con-
centration of therapeutic agent introduced into the reservoir
are transmitted to the device 110 and stored in memory 136.
[0040] Referring now to FIG. 3, a schematic block diagram
of some selected components of an external device 200
capable of communicating with an implanted infusion device
is shown. The external device 200 includes a power supply
218 operably coupled to telemetry components 242, display
210, and control electronics 232. The telemetry components
242 are configured to allow communication with the
implanted infusion device and may allow for communication
with a remote database. Alternatively, other communication
components (not shown) may be employed to communicate
with the remote database.

[0041] The telemetry components 242 are in communica-
tion with the control electronics 232 which can translate or
encode or decode information sent or received through the
telemetry components, such as a telemetry antenna. The con-
trol electronics 232 are also operably coupled to the display
210. In some embodiments, the display 210 may serve as an
input; e.g., the display may be a touch-screen display. Alter-
natively or in addition, the device 200 may have a separate
input source 252, such as a keyboard or keypad, which may be
coupled to power supply 218. The control electronics 232
may include one or more processors 234 and memory 236
operably coupled to the one or more processors 234. Infor-
mation regarding patient symptoms may be stored in memory
236, e.g., in the form of a lookup table. Processor 234 may
compare input patient symptoms or device performance or
status information to information stored in memory 236 in
determining whether the patient is receiving an appropriate
dose of therapeutic agent from the implanted infusion system.
[0042] Referring now to FIG. 4, a remote device 360, in
which a database may be stored, is shown in schematic block
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form. The remote device 360 includes a power supply 318
operably coupled to communication components 342 and to
control electronics 332. The communication components 342
are configured to allow communication between the remote
device 360 and an external device (e.g., external device 200 of
FIG. 3) and possibly other similar devices. Such communi-
cations may be via the internet, direct or wired connection,
wireless communication, or the like. The control electronics
332 includes a processor 334 and memory 336. Information
regarding patient symptoms for various therapeutic agents
delivered at various doses to various different locations may
be stored in memory. Such information may include ranges of
doses considered appropriate or too high or too low. Addi-
tional information regarding particular infusion device per-
formance and status may also be stored in memory 336.
Further, determinations as to whether a particular set of
parameters or ranges of parameters with regard to symptoms,
dosing, or infusion system performance are indicative of
appropriate or inappropriate dosing may be stored in memory
336. In addition, potential sources of inappropriate dosing
based on symptoms, dosing, and infusion system perfor-
mance parameters may be stored in memory 336. The data
regarding symptoms, dosing, or infusion system parameters
may be updated from time to time; e.g. as additional patient
information becomes available, and may be stored in memory
336, e.g. in a lookup table. Such data may be stored in the
memory of the external device rather than, or in addition to,
storing such information in the memory of the remote device
360.

[0043] Processor 334 of remote device 360 may be used to
determine whether a patient’s symptoms are indicative of an
overdose, and under-dose, a side effect or the like; to identify
potential sources of inappropriate dosing; to calculate a prob-
ability that a potential source contributes to inappropriate
dosing; or the like. For example, processor 334 may receive
relevant data from an external device via communication
components 342 and may compare the received data to data
stored in memory 336 in making desired determinations or
calculations. Data regarding the outcomes of the determina-
tions or calculations may then be transmitted to the external
device (e.g., device 200 in FIG. 1 or 3) via communication
components 342. The external device may then display the
results or a summary of the results on its display or monitor.
In some embodiments, some or all of these determinations or
calculations are made by a processor (e.g., processor 234) of
external device (e.g., device 200).

[0044] Referring now to FIG. 5, a high level scheme of data
processing according to various embodiments is shown. As
shown in FIG. 5, an algorithm 450 receives input 410, 420,
430, 440 and produces output 470, 480. The input may
include (i) the therapy indication 410; e.g., the disease treated,
the location of delivery (e.g., lumbar intrathecal space), the
make and model of infusion device employed, the infusion
parameters, or the like; (ii) the therapeutic agent or drug being
delivered 420, which can include data regarding the concen-
tration and infusion rate; (iii) the symptoms of the patient 430;
(iv) infusion device or catheter status or complications 440; or
(v) the like. The algorithm 450 may process the input 410,
420, 430, 440, which may include comparing input data to
data stored in a lookup table, to produce output 470, 480. The
output may include identifying potential issues 470, such as
reporting whether an inappropriate dose of the therapeutic
agent is, or has been delivered, identifying potential sources
of inappropriate dosing, or reporting the probability that a
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particular potential source contributes, or has contributed, to
the inappropriate dosing. The output may additionally, or
alternatively, include reporting potential diagnostic or inter-
vention processes 480 that may be taken. More details regard-
ing the algorithmic or methods steps that may be employed in
accordance with various embodiments are described below
with reference to FIGS. 6 and 8-11.

[0045] Referring now to FIG. 6, a method for determining
whether patient symptoms are indicative of inappropriate
dosing is shown. In the depicted methods, data regarding the
therapeutic agent being administered is input (720). Such data
may include one or more of the identity of the therapeutic
agent, the concentration of the therapeutic agent being deliv-
ered, the rate of delivery, dosing information, and the like.
The information regarding the therapeutic information may
be obtained from the implanted infusion device, as such infor-
mation is typically stored in memory of the implanted infu-
sion device at implantation or refill. The information may be
input into an external device for further processing.

[0046] In the embodiment depicted in FIG. 6, data regard-
ing patient symptoms is also input (500). Preferably, the input
patient symptoms are related to, or indicative of, the thera-
peutic agent being administered. In some embodiments, the
patient symptoms to be input are presented to a user and are
preselected as being relevant or indicative of the therapeutic
agent being administered. The user may then select with
which of the symptoms the patient presents. For example and
with reference to FIG. 7, a list of indicative symptoms may be
presented on a display 210, such as a display of an external
device 200 as depicted in FIG. 1. In the example depicted in
FIG. 7, the symptoms presented are examples of symptoms
that may commonly occur with a therapeutic agent. The
symptoms above the horizontal line are symptoms commonly
associated with overdoses of “therapeutic agent A” and symp-
toms presented below the horizontal line are symptoms asso-
ciated with side effects of therapeutic agent A. Of course, the
preselected symptoms may be presented in any suitable man-
ner other than a list as shown in FIG. 7.

[0047] It will be understood that similar preselected symp-
toms may be presented for other therapeutic agents that are
delivered. It will be further understood that the preselected
symptoms may be indicative of situations other than overdos-
ing and side effects. For example, the symptoms associated
witha particular therapeutic agent may be indicative of under-
dosing, abrupt withdrawal, varying degrees of overdosing,
underdosing or the like, or the like.

[0048] By presenting preselected symptoms known to be
associated with a given therapeutic agent, the ability to deter-
mine whether the patient is receiving an appropriate dose of
the therapeutic agent is increased relative to imputing symp-
toms that may not relate to the agent. It will be understood that
the preselected symptoms may be updated from time to time
as additional information is obtained with regard to symp-
toms associated with a therapeutic agent.

[0049] A determination as to whether an input symptom or
set of symptoms is indicative of inappropriate dosing may be
made, in whole or in part, by reference to a lookup table. In
some embodiments, particular symptoms may be weighted
according to their predictive value. For example, mouth sores
and coughing up blood may be more highly predictive of a
therapeutic agent A overdose than pale skin. Such factors may
be taken into account in determining whether a patient is
receiving an appropriate dose of a therapeutic agent from an
implanted infusion device.
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[0050] Referring again to FIG. 6, data regarding therapeu-
tic indication may be input (710). This data may include
information regarding the target location of delivery, the dis-
ease being treated, and the like. It will be understood that the
symptoms with which a patient presents will depend in part
on such factors. The information presented in a lookup table
or algorithm may take into account such factors.

[0051] Taking into account one or more of input data
regarding the administered therapeutic agent (720), the thera-
peutic indication (710), and patient symptoms (500), a deter-
mination may be made as to whether the symptoms are
indicative of inappropriate dosing (510). Such a determina-
tion may be made by an external device (e.g. device 200 as
depicted and described above or remote database 300 as
depicted and described above). The determinations may be
made in whole, or in part, through the use of a lookup table
(730).

[0052] It may be desirable to present output (e.g. via dis-
play 210 as depicted and described above) that the symptoms
are not indicative of inappropriate dosing (740) if it is so
determined (510). If the symptoms are indicative of inappro-
priate dosing, output to that effect (750) may be desired. It
may also be desirable to continue with further evaluation
(760), such as evaluation of device or catheter status as dis-
cussed above. Such further evaluation (760) may be desirable
before or after output is presented that the symptoms are
indicative of inappropriate dosing (750).

[0053] Referring to FIG. 8, an embodiment of a method or
algorithm is shown. The method includes inputting patient
symptoms (500), e.g. into an external device, and determining
whether the symptoms are indicative of an inappropriate dose
(e.g., under- or overdose) (510). Of course, information
regarding the therapeutic agent and the therapy may also be
input and used in the determination. If the symptoms are
determined not to be indicative of an inappropriate dose,
output may be presented to that effect (520), e.g., viaa display
of an external device. In addition and as shown in FIG. 8, it
may be desirable to sequentially determine (i) whether the
delivery parameters programmed in the infusion device are
within acceptable predetermined parameters (530), (ii)
whether the infusion device has failed (550), e.g., whether a
battery has been depleted or a pumping mechanism has failed,
and (iii) whether a catheter complication exists (590).
[0054] By way of example, an external device (e.g., device
200 as depicted and described above) capable of communi-
cating with the implanted infusion device may interrogate the
infusion device to receive data regarding delivery the thera-
peutic agent being delivered, the programmed delivery
parameters, and the status of the device or components. The
external device (or remote device in communication with the
external device) may use the data provided by the infusion
device to make appropriate determinations and may output or
display whether a programming error is a likely source of
inappropriate dosing (540), whether a device failure, such as
a depleted battery or stalled pump, is a likely source of inap-
propriate dosing (550), or whether a catheter complication
may be alikely source of inappropriate dosing (580). If deter-
minations as to whether the programmed delivery parameters
(530), failure of the infusion device (550), and catheter com-
plication (590) are inconclusive, output to this effect may be
presented. In addition or alternatively, a list of potential
sources (even though inconclusive) may be presented (600).
[0055] In some embodiments, a determination as to the
probability that a particular source of inappropriate dosing
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contributes to the inappropriate dosing may be made and
output to this effect may be presented. This may be particu-
larly helpful to a user where no conclusive device or catheter
complication has been determined to exist (600).

[0056] Referring now to FIG. 9, an example of a method
where an output of a probability of a potential source of error
is provided is shown. As with the method depicted in FIG. 8,
it may be initially desirable to determine whether a patient’s
symptoms are indicative of inappropriate dosing (510). If the
symptoms are indicative of an under-dose, overdose, or the
like, a determination may be made as to the probability that a
particular source or error may contribute to the inappropriate
dosing. In the depicted embodiment, a determination is made
as to the probability that programming error contributes, or
has contributed, to inappropriate dosing (900). Of course
such determinations may also be made with regard to other
potential sources described or contemplated herein. The
probability that the potential source (in the depicted embodi-
ment, programming error) contributes, or has contributed, to
inappropriate dosing may then be output (910).

[0057] As used herein, “programming error” in the context
of programming an infusion device to deliver a therapeutic
agent to a particular patient, means that the programmed
parameters with regard to the particular patient are inappro-
priate. It does not necessarily mean a healthcare provider
accidentally entered programming instructions that they did
not intend to enter (which may also be the case).

[0058] In many embodiments, determinations as to
whether a source of inappropriate dosing exists or the prob-
ability that a potential source contributes, or has contributed,
to inappropriate dosing may include comparing data regard-
ing the potential source to a lookup table. In some embodi-
ments, determinations as to whether a source of inappropriate
dosing exists or the probability that a potential source con-
tributes, or has contributed, to inappropriate dosing may con-
sist of, or consist essentially of, comparing data regarding the
potential source to a lookup table.

[0059] By way of example, data regarding infusion rate of
a drug may be compared to a lookup table to determine the
likelihood of underdosing or overdosing. For purposes of
example, the lookup table may include information as shown
in Table 1 below.

TABLE 1

Examples of data in lookup table regarding appropriate dosing

Likelihood of  Likelihood of

Therapeutic Overdose Underdose

Agent Conc. Daily Dose Symptom Symptom
Therapeutic 10 mg/ml  0.1-.02 mg 0% 95%
agent A 0.2-1 mg 10% 75%
1-2 mg 25% 50%
2-5 mg 50% 25%
5-10 mg 75% 10%
10-20 mg 95% 0%
Therapeutic Smg/ml  0.1-.02 pg 0% 95%
agent B 0.2-1 pg 10% 75%
1-2 ng 25% 50%
2-5 pg 50% 25%
5-10 pg 75% 10%
10-20 pg 95% 0%

[0060] It will be understood that the dosing and probabili-

ties that such dosing may contribute to underdosing or over-
dosing presented in Table 1 are for purposes of illustration
only. Appropriate dosing ranges and probabilities of such
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dosing ranges contributing to overdosing or underdosing may
be based on empirical evidence collected by healthcare pro-
viders or device manufacturers over time. The data in the
lookup tables may be updated or refined as more information
is collected with regard to whether patients present with over-
dose or underdose symptoms when receiving particular doses
of therapeutic agent. It may be desirable to collect data from
a variety of healthcare providers on a large population of
patients to populate the lookup table. While not shown, it will
be understood that the device used, the target location of drug
delivery, etc. may affect the likelihood that a particular dose
may contribute to an inappropriate dosing system, and such
information may be included in the lookup table.

[0061] Ifthe infusion device parameters appear to be within
ranges that would not typically lead to underdosing or over-
dosing symptoms, device and catheter performance may be
evaluated. For example, if the device has been determined to
have failed, the source of the failure may be evaluated and the
probability that the failure contributes to underdosing or over-
dosing may be determined. Again, such a determination may
comprise, consist essentially of, or consist of comparing data
regarding device status to a lookup table. By way of example,
if a battery is depleted or became depleted for some time, as
may happen with a rechargeable battery, or if a pumping
mechanism failure has occurred, the likelihood of an under-
dose being due to the device failure may be high, while the
likelihood that the failure contributes to an overdose is low.
[0062] By way of further example, data regarding catheter
status may be compared to a lookup table to determine, or as
a part of determining, whether catheter performance or a
catheter complication contributes to underdose or overdose
symptoms. This determination may comprise, consist essen-
tially of, or consist of comparing catheter status data to a
lookup table. For example, if the catheter is occluded, under-
dosing may be likely. The degree of occulusion may affect the
likelihood of underdosing. If the catheter is dislodged from
the infusion device, causing the therapeutic agent to be deliv-
ered to a different area of the body (in proximity to the
infusion device) than the target location (distal end of the
catheter), the likelihood that underdosing symptoms will be
observed may increase. In some cases, a dislodgement may
result in an increase in side effects. For example, if a drug is
toxic when delivered systemically, but not when delivered
centrally, then dislodgement of, for example, an intrathecal
catheter may result increased likelihood of side effects. A tear
or leak in a catheter may have similar effects, as may migra-
tion of the distal portion of the catheter from the target loca-
tion.

[0063] Any suitable method may be used to determine the
status of the catheter (e.g., occluded, torn, dislodged,
migrated, etc.). For example, one or more pressure sensors
and appropriate electronics and software may be employed to
determine catheter status. Examples of pressure sensing to
determine catheter status are described in, for example, com-
monly assigned patents and published patent applications
such as: US 2008/0009837, US 2010/0069841, US 2008/
0243074, US 2010/0168607 US 2007/0270782, U.S. Pat. No.
7,320,676, US 2008/0097287, and US 2010/0010646, which
patents and published patent applications are hereby incor-
porated herein by reference in their entireties to the extent that
they do not conflict with the present disclosure.

[0064] Other methods include injection of dye through the
catheter (e.g., via reservoir or catheter access port), perform-
ing x-rays of the device, and aspirating via a catheter access
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port to determine the status of the catheter. With these other
methods, a user may enter observations regarding the results,
e.g. “occlusion”, “tear”, “dislodgement”, “migration”, “nor-
mal”. In some embodiments, a list of choices is presented to
the user to select for inputting catheter status. In cases where
pressure sensing testing is performed, data collected from the
infusion device may be transmitted to an external device as
input.

[0065] Referring now to FIG. 10, an example of steps that
may be taken if an infusion device failure has occurred or is
suspected to have occurred (550) is shown. If a device failure
is determined or suspected, a variety of device diagnostics
may be performed. Typically infusion devices, particularly
programmable infusion devices, are configured to perform
such diagnostics and transmit the results wirelessly to exter-
nal devices. In the brief example depicted in FIG. 10, battery
diagnostics (620) or pump diagnostics (610) may be per-
formed. E.g., the infusion device may test the battery or pump
or may review past battery or pump performance data that has
been stored in memory. If the battery is determined to be
depleted or have been depleted (640) appropriate output may
be displayed (650), for example on a display of an external
device as depicted in FIG. 1. If a pumping mechanism failure
has occurred, or is determined to have previously occurred
(630), appropriate output regarding the pump failure may be
displayed (660). Of course, other suitable pump or catheter
diagnostics may be performed (670) and the results of such
diagnostic tests may be displayed or otherwise presented.
[0066] Referring now to FIG. 11, a method similar to that of
FIG. 8 is depicted, with like reference numbers to referring to
the same or similar steps. As shown in FIG. 11, device and
catheter performance determinations (530, 550, 590) may
occur simultaneously or regardless of the outcome of other
device or catheter performance determinations. That is, if the
patient’s symptoms are indicative of underdosing or overdos-
ing, a predetermined set of pump or catheter performance
diagnostics may be automatically run. Based on the informa-
tion of all of the diagnostics, an output may be presented as to
the potential source of inappropriate dosing (930). As dis-
cussed above, with regard to FIGS. 8-9, the probability that a
particular potential source contributes to the inappropriate
dosing may also be output.

[0067] Regardless of whether pump and catheter diagnos-
tics, and associated determinations, are made sequentially,
simultaneously or automatically, the output may appear simi-
lar. An example of an output that may be displayed in shown
in FIG. 12. The output may be presented on a display 210
(e.g., of device 200 as depicted and described above). As
shown in FIG. 12, the determination as to whether inappro-
priate dosing is likely to have occurred is displayed (“OVER-
DOSE” in this case), as well as possible causes and the
probability that the possible causes contribute to the inappro-
priate dosing.

[0068] Once an inappropriate dosing situation has been
determined to occur, a user may be prompted to take certain
actions relevant to the nature of the inappropriate dosing. For
example and with reference to FIGS. 13-14, examples of
displays prompting a user to take action are presented. The
information may be presented on display 210 (e.g., of device
200 as depicted and described above). The information
depicted in FIGS. 13-14 is an example of what may be pre-
sented in an overdose situation.

[0069] For example, with reference to FIG. 13, a user may
be asked whether to cease therapy (i.e., stop delivery of thera-
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peutic agent from implanted infusion device). Should the user
choose to stop therapy, appropriate instructions may be trans-
mitted to the implanted infusion device (e.g., via external
device 200 as depicted and described above). As further
shown in FIG. 13 by way of example, the user may be asked
to interrogate the infusion device to identify potential sources
of inappropriate dosing. In some embodiments, such interro-
gation will be performed automatically without prompting a
user.

[0070] With reference to FIG. 14, the display 210 indicates
to user that the therapy has been stopped and that no infusion
device errors have been detected and prompts the user as to
whether catheter diagnostics should be performed. In some
embodiment, such diagnostics will be performed automati-
cally. In cases where the catheter diagnostics are done manu-
ally (e.g., use of a dye, x-ray or aspiration), step by step
instructions for performing such diagnostics (not shown) may
be presented on the display 210. It will be understood that in
some cases automatic stopping of therapy may not be advis-
able due to patient safety concerns (e.g., abrupt withdrawal
symptoms may result).

[0071] Thus, systems, devices and methods for EVALUAT-
ING DOSING FROM AN
[0072] IMPLANTABLE INFUSION DEVICE are

described. Those skilled in the art will recognize that the
preferred embodiments described herein may be altered or
amended without departing from the true spirit and scope of
the disclosure, as defined in the accompanying claims.

What is claimed is:
1. A method for gauging the performance of an infusion
system implanted in a patient, the method comprising:
receiving input into an external device regarding the iden-
tity of a therapeutic agent contained in an infusion
device of the infusion system, the external device being
capable of communicating with the implanted infusion
device;
displaying on the external device a predetermined set of
patient symptoms associated with the therapeutic agent;

receiving input into the external device regarding with
which of the predetermined symptoms the patient pre-
sents;

determining whether the therapeutic agent is being deliv-

ered, or has been delivered, at an appropriate dose to the
patient based on the input identity of the therapeutic
agent and the input symptoms; and

displaying on the external device whether the patient is

receiving the appropriate dose of the therapeutic agent.

2. The method of claim 1, wherein receiving input regard-
ing the identity of the therapeutic agent comprises receiving
the input from the implantable infusion device.

3. The method of claim 2, further comprising interrogating
the implantable infusion device regarding the identity of the
therapeutic agent.

4. The method of claim 1, wherein determining whether the
therapeutic agent is being delivered, or has been delivered, at
an appropriate dose to the patient comprises comparing the
patient’s symptoms to a look-up table comprising data
regarding symptoms for the therapeutic agent.

5. The method of claim 4, wherein the lookup table resides
on a database remote from the external device and wherein
the database compiles symptom information from other
patients receiving the same therapeutic agent at the same
target location via an implantable infusion device.
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6. The method of claim 1, further comprising interrogating
the infusion device to identify potential sources of inappro-
priate dosing if it is determined that the therapeutic agent is
not being delivered, or has not been delivered, at an appro-
priate dose.

7. The method of claim 6, further comprising displaying on
the external device potential sources of the inappropriate
dosing based on the interrogation of the infusion device.

8. The method of claim 7, further comprising determining
a probability that the potential source contributes to the inap-
propriate dosing and displaying the probability for each of the
displayed potential sources.

9. The method of claim 7, wherein the displayed potential
sources include one or more of (i) programming error; (ii)
incorrect therapeutic agent; (iii) incorrect concentration of
therapeutic agent; (iv) battery depletion; (v) pumping mecha-
nism failure; (vi) catheter tear or break; (vii) catheter occlu-
sion; (viii) catheter migration; and (ix) catheter dislodge-
ment.

10. The method of claim 8, further comprising determining
a probability that the potential source contributes to the inap-
propriate dosing and displaying the probability for each of the
displayed potential sources.

11. The method of claim 7, further comprising displaying
potential diagnostic interventions for the displayed potential
sources.

12. The method of claim 12, further comprising prompting
a user to select a diagnostic intervention.

13. The method of claim 1, further comprising instructing
the infusion device to perform a catheter complication test.

14. The method of claim 13, wherein the infusion system
comprises a catheter operably coupled to the infusion device
for delivering the therapeutic agent to a predetermined loca-
tion of the patient, the method further comprising displaying
potential catheter complications that include one or more of
catheter break or tear, catheter migration, catheter dislodge-
ment, and catheter occlusion that may exist and displaying a
probability of existence for each of the displayed catheter
complications.

15. The method of claim 6, wherein the infusion system
comprises a catheter operably coupled to the infusion device
for delivering the therapeutic agent to a predetermined loca-
tion of the patient, the method further comprising instructing
the infusion device to perform a catheter complication test.

16. The method of claim 15, further comprising displaying
potential catheter complications that include one or more of
catheter break or tear, catheter migration, catheter dislodge-
ment, and catheter occlusion that may exist and displaying a
probability of existence for each of the displayed catheter
complications.

17. A method for identifying potential sources of inappro-
priate dosing of a therapeutic agent from an implantable
infusion system, the infusion system comprising an infusion
device having a reservoir for containing the therapeutic agent
and a catheter operably coupled to the reservoir for delivering
the therapeutic agent to a predetermined location of the
patient, the method comprising:

receiving input regarding the identity of the therapeutic

agent into an external device, the external device being
capable of communicating with the implanted infusion
device;

displaying on the external device a predetermined set of

patient symptoms associated with the therapeutic agent;
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receiving input into the external device regarding with
which of the predetermined symptoms the patient pre-
sents;

determining whether the therapeutic agent is being deliv-

ered, or has been delivered, at an appropriate dose to the
patient based on the input identity of the therapeutic
agent and the input symptoms;
displaying on the external device whether the patient is
receiving the appropriate dose of the therapeutic agent;

interrogating the infusion device to identify potential
sources of inappropriate dosing if it is determined that
the therapeutic agent is not being delivered, or has not
been delivered, at an appropriate dose;
instructing the infusion device to perform a catheter com-
plication test if a catheter complication is identified as a
potential source of the inappropriate dosing;

displaying on the external device potential sources of the
inappropriate dosing based on the input identity of the
therapeutic agent, the input symptoms, the interrogation
of the infusion device, if performed, and the catheter
complication test, if performed.

18. The method of claim 17, further comprising calculating
a probabilities that the potential sources contribute to the
inappropriate dosing and displaying the probability for each
of the displayed potential sources.

19. The method of claim 18, wherein the displayed poten-
tial sources include one or more of (i) programming error; (ii)
incorrect therapeutic agent; (iii) incorrect concentration of
therapeutic agent; (iv) battery depletion; (v) pump motor
stall;

(vi) catheter tear or break; (vii) catheter dislodgement;

(viii) catheter migration;

and (ix) catheter dislodgement.

20. An external device capable of communicating with an
implantable infusion device, the external device comprising:

telemetry components for wirelessly communicating with

the implantable infusion device;

a display for presenting information to a user;

an input source for receiving input from the user, wherein

the input source is the same or different from the display;
and

electronics (i) operably coupled to the telemetry compo-

nents, the display, and the input source,

wherein the electronics are programmed with instructions

that cause the external device to:

receive input regarding the identity of a therapeutic
agent being delivered from the implantable infusion
device;

display a predetermined set of patient symptoms asso-
ciated with the therapeutic agent;

receive input into the external device regarding with
which of the predetermined symptoms the patient
presents;

determine whether the therapeutic agent is being deliv-
ered, or has been delivered, at an appropriate dose to
the patient based on the input identity of the therapeu-
tic agent and the input symptoms; and

display whether the patient is receiving the appropriate
dose of the therapeutic agent.

21. The external device of claim 20 where the electronics
are configured to communicate with a remote database to aid
in determining whether the therapeutic agent is being deliv-
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ered, or has been delivered, at an appropriate dose to the
patient based on the input identity of the therapeutic agent and
the input symptoms.

22. The external device of claim 20, wherein the electron-
ics are further configured to:

interrogate the infusion device to identify potential sources

of inappropriate dosing if it is determined that the thera-
peutic agent is not being delivered, or has not been
delivered, at an appropriate dose;
instruct the infusion device to perform a catheter compli-
cation test if a catheter complication is identified as a
potential source of the inappropriate dosing; and

display potential sources of the inappropriate dosing based
on the interrogation of the infusion device and the cath-
eter complication test.

23. The programmer device of claim 20, wherein the
instructions further cause the electronics to calculate prob-
abilities that the potential sources contribute to the inappro-
priate dosing and displaying the probability for each of the
displayed potential sources.
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24. The programmer device of claim 23 where the elec-
tronics are configured to communicate with a remote data-
base to aid in calculating the probabilities that the potential
sources contribute to the inappropriate dosing.

25. A non-transitory computer readable medium contain-
ing instructions that when implemented by an external device
cause the external device to:

receive input regarding the identity of a therapeutic agent

being delivered from an implantable infusion device;
display a predetermined set of patient symptoms associ-
ated with the therapeutic agent;
receive input into the external device regarding with which
of the predetermined symptoms the patient presents;

determine whether the therapeutic agent is being delivered,
or has been delivered, at an appropriate dose to the
patient based on the input identity of the therapeutic
agent and the input symptoms; and

display whether the patient is receiving the appropriate

dose of the therapeutic agent.
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