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Description

Field of the Invention

[0001] The current technology generally relates to pro-
gramming of medical devices. More specifically, the cur-
renttechnology relates to systems ofidentifying and com-
municating appropriate programming parameters in im-
plantable medical devices (IMDs).

Background

[0002] Implantable medical devices (IMDs) can be
used to provide pacing therapy to patients who have car-
diac rhythm problems. For example, an implanted cardi-
ac rhythm management (CRM) device can be used to
provide pacing therapy to a patient with sinus node dys-
function, where the heart fails to properly initiate depo-
larization waves, or an atrio-ventricular conduction dis-
turbance, where the conduction of depolarization waves
through the heart tissue is impaired.

[0003] At each follow-up appointment with a patient
with an IMD such as a CRM, the clinician reviews infor-
mation on multiple screens and reports, analyzes the in-
formation and determines which parameters are most
appropriate for the IMD.

[0004] Currently, some patient management systems
can provide system recommendations of programming
parameters based on patient-specific medical data in-
cluding sensor data. Physicians would benefit from sys-
tems that identify specific patient indications and condi-
tions and determine whether the IMD is programmed ap-
propriately for the patient indications and conditions.
[0005] For example, US 2010/0042174 A1 describes
a a system according to the first part of claim 1, for multi-
tier pacing which includes delivering single site, left ven-
tricular pacing, sensing patient activity; comparing the
sensed patient activity to a patient activity threshold and,
if the sensed patient activity exceeds the patient activity
threshold, then delivering multi-site, left ventricular pac-
ing for a predetermined period of time and, after the pre-
determined period of time, delivering single, site left ven-
tricular pacing. In such a system, the period of time may
be determined based on cardio-pulmonary demand.
[0006] US2006/0161208 (D3) discloses an apparatus
for optimising electrical stimulation. The pacing control
circuitincludes an MTR adjustment module which adjusts
MTR based on an HRV parameter.

Summary of the Invention

[0007] The presentinvention is define din claim 1 with
preferred embodiments according to the dependent
claims.

[0008] Thereisalsodisclosed amethod whichincludes
identifying a patient condition, where the patient condition
includes the patient’'s cardiac dysynchrony at intrinsic
rates higher than a threshold using an implantable med-
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ical device. The method further includes notifying a clin-
ical user of the identified condition. The method further
includes identifying a therapy appropriate for the identi-
fied condition. According to the present invention a sys-
tem includes an implantable medical device configured
to collect cardiac data from a patient and a device com-
prising a user interface and capable of communication
with the implantable medical device to collect the cardiac
data. The system is configured to program the implant-
able medical device, to identify a patient condition com-
prising cardiac dysynchrony at intrinsic rates higher than
a threshold using the cardiac data, and notify a clinical
user of the identified condition using the user interface.

Brief Description of the Drawings

[0009] The invention may be more completely under-
stood and appreciated in consideration of the following
detailed description of various embodiments of the in-
vention in connection with the accompanying drawings.

FIG. 1 is a schematic diagram of an exemplary im-
plementation of a cardiac rhythm management
(CRM) system, including an implanted CRM device,
a programming device, and a patient management
computer system, consistent with at least one em-
bodiment of the technology disclosed herein.

FIG. 2 is a schematic diagram of another exemplary
implementation of a cardiac rhythm management
(CRM) system, including an implanted CRM device,
a remote programming device, a programming de-
vice, and a patient management computer system,
consistent with at least one embodiment of the tech-
nology disclosed herein.

FIG. 3is aflow chartdepicting one method consistent
with the technology disclosed herein.

FIGS. 4-11 are example screenshots of a program-
ming device consistent with the technology dis-
closed herein.

FIG. 12is a schematic diagram of an implementation
of the components of a programming device or user
interface, in accordance with various embodiments.
FIG. 13 is a schematic view of components of an
implantable medical system in accordance with an
embodiment of the invention.

Detailed Description

[0010] The technology disclosed herein relates gener-
ally to a medical device system for use with patients hav-
ing an implantable medical device. The system identifies
a patient condition to a clinical user of the system. The
system uses information from the implantable medical
device, such as cardiac data, to identify the patient con-
dition. The system notifies the clinical user of the system
of the identified patient condition. The system also iden-
tifies a therapy appropriate for the identified condition.

[0011] Many patients with CRM devices have been
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provided with those devices to treat bradycardia, where
the heart beats more slowly than normal, causing the
heart to not pump enough blood to meet the body’s
needs. There are also many other reasons that patients
can benefit from a CRM device. CRM devices are pro-
grammed to operate within a particular beat rate or heart
rate (HR) range including a particular upper rate limit
(URL) or maximum tracking rate (MTR). The MTR is the
maximum heart rate at which the CRM will pace the heart.
Often the MTR is selected conservatively and so is lower
than a rate that the patient's heart would otherwise
achieve during certain circumstances. The rate that the
heart can achieve without pacing is referred to as the
intrinsic rate. The actual proper HR range for the patient
may well extend above that initially programmed. This
being the case, the CRM device may repeatedly reach
the URL or MTR because of naturally occurring sinus
rhythms. If the CRM device does not provide the patient
with a high enough HR, the patient may experience car-
diac dysynchrony, where the activation of different parts
ofthe heartis not properly timed. In anormally functioning
heart, the atrium contracts to fill the ventricle while the
ventricle is relaxed, so that the ventricle fills before it con-
tracts and pumps blood out of the heart. However, when
this natural synchronization does not occur, the atrium
may be pumping at a faster rate than the ventricle is being
paced to pump at, and as a result the ventricle is not
being properly filled and less blood is delivered to the
body. One way to address the issue of cardiac dysyn-
chrony for some patients is to increase the maximum
tracking rate.

[0012] Asdiscussed above, at each follow-up appoint-
ment with a patient with an IMD such as a CRM, the
clinician reviews information on multiple screens and re-
ports, analyzes the information and determines which
parameters are most appropriate forthe IMD. The system
described herein can identify patient conditions to the
clinician, such as cardiac dysynchrony, at these follow
up appointments, or at other times, and can also provide
an appropriate therapy option. Some current systems are
configured to recommend CRM programming parame-
ters to a user, usually based on default settings, but the
inventors are not aware of systems in use that identify
patient conditions and notify the clinician of the patient
condition. As used herein, a condition is a diagnosis or
symptom.

[0013] Whilethis technology can be applied to a variety
of medical systems, including non-implantable devices,
the implementation described herein will be with regard
to implantable medical devices, particularly cardiac de-
vices.

Medical Device Details

[0014] FIG. 1 is a schematic of an exemplary cardiac
rhythm management (CRM) system 100, consistent with
at least one embodiment of the technology disclosed
herein. The system 100 can include an implantable med-
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ical device 114 disposed within a patient 112. The im-
plantable medical device 114 can include pacing func-
tionality. The implantable medical device 114 can be of
various types such as, for example, a cardiac resynchro-
nization pacemaker or cardiac resyncronization defibril-
lator device, or the like. In some embodiments, the im-
plantable medical device 114 can include one or more
leads 122 disposed in or near the patient’s heart 126. In
some embodiments, the implantable medical device
does not include leads. In one embodiment, the implant-
able medical device does not include leads and is con-
figured to be implanted just below the patient’s skin and
provide electrical impulses to stimulate the heart.
[0015] The implantable medical device 114 can in-
clude one or more implantable sensors in order to gather
patient 112 data. For example, the implantable medical
device 114 caninclude an activity level sensor which can
be an accelerometer, a respiration sensor, a blood pres-
sure sensor, and/or other sensors.

Programming Device Details

[0016] The implantable medical device 114 can be in
communication with a programming device 116 or user
interface. The programming device 116 is also in com-
munication with the implantable sensor of the implantable
medical device 114, and/or one or more other implanta-
ble sensors. In some embodiments, communication be-
tween the implantable medical device 114 and the pro-
gramming device 116 can be via inductive communica-
tion through a wand 110 held on the outside of the patient
112 near the implantable medical device 114. However,
in other embodiments, communication can be carried out
via radiofrequency transmission, acoustically, or the like.
The implantable medical device 114 can be configured
to store data over a period of time and periodically com-
municate with the programming device 116 in order to
transmit some or all of the stored data.

[0017] The programming device 116 can be for exam-
ple, a programmer, a programmer/recorder/monitor de-
vice, a computer, an advanced patient management sys-
tem, a personal digital assistant (PDA), or the like. A pro-
gramming device is one example of a user interface. As
used herein, the term programming device 116 refers to
a device that programs implanted devices and records
data from implanted devices. The programming device
may also allow monitoring of the implanted device. Ex-
emplary programmer/recorder/monitor devices include
the Model 3120 Programmer, available from Boston Sci-
entific Corporation, Natick, MA. The programming device
116 caninclude a user interface such as a keyboard 120,
a mouse 128, a touch screen, or more than one such
device to receive user input. The programming device
116 can also include a video output channel and a user
interface such as a video display 118 for displaying vid-
eos, user prompts, device operation parameters, set-
tings, recommendations, and the like. In addition, the vid-
eo display 118 can also be equipped with a touch screen,
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making it into a user input device as well.

[0018] The programming device 116 can display real-
time data and/or stored data graphically, such asin charts
or graphs, and textually through the user interface
screen. The programming device 116 can display param-
eters associated with the medical device 114. Parame-
ters associated with the medical device 114 can be de-
vice operational parameters, patient indications relevant
to the medical device 114, and the like. In at least one
embodiment, the parameters associated with the medi-
cal device 114 can include system-recommended pa-
rameters that are formulated by the system. In addition,
the programming device 116 can prompt a user for par-
ticular data. In addition, the programming device 116 can
also notify a clinical user of an identified patient condition,
such as the patient’s cardiac dysynchrony. The notifica-
tion can be in the form of an alert on the programming
device screen 118, a sound, a text display, or a combi-
nation of these. The programming device 116 can also
display options for a therapy appropriate for the identified
condition. The programming device 116 can display one
or more selectable options for a therapy appropriate for
the identified condition and can receive input from the
clinical user selecting one of the options.

[0019] The programming device can also display a ra-
tionale for the conclusion that a condition has been iden-
tified. Also, in response to an input to turn off or inappro-
priately modify the therapy appropriate for the condition,
the programming device 116 can deliver an alert to a
user communicating that the requested modification is
inappropriate for the identified condition.

[0020] The programming device 116 can input and
store a user’s response to the various programming
prompts. The programming device 116 can also display
indications of system confidence levels relative to partic-
ular data or operation parameters based on a variety of
factors including sensor reliability, age of a patient’s elec-
tronicfiles, past accuracy of the data or operation param-
eters, and the like. The programming device can also
display guidance to a user regarding data accuracy.
[0021] In various embodiments, the programming de-
vice 116 is in communication with a patient management
system 132. The patient management system 132 can
additionally be in communication with electronic patient
medical records in a variety of embodiments. The com-
munication link 130 between the programming device
116 and the patient management system 132 may be via
phone lines, the Internet, or any other data connection.
In another embodiment, the programming device 116 is
not in direct communication with a patient management
system 132, but can be in indirect communication with
the patient management system 132. In another embod-
iment, the programming device is not in communication
with a patient management system 132.

[0022] The programming device 116 is capable of
changing the operational parameters of the medical de-
vice 114, and is therefore referred to as a programmer.
Typically, programmers are used to interface with med-
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ical devices in a clinic or hospital setting. In this context,
the user of the programming device 116 is a clinician,
physician or trained technician.

Remote Programming Embodiment

[0023] Now referring to FIG. 2, a CRM system 200 is
illustrated which is designed for use when the program-
ming device 116 and the patient 112 are in different lo-
cations, so that the programming device 116 is remote
from the patient 112 and not physically present in the
same space as the patient 112. For example, the patient
112 may be at his or her home while the clinician and the
remote programming device is at a hospital which is a
few miles away or hundreds of miles away. Like reference
numbers between FIG. 1 and FIG. 2 indicate like ele-
ments. In the CRM system 200 of FIG. 2, a remote pro-
gramming device 210 is in the patient 112 location and
establishes communication with the implantable medical
device 114. Communication between the remote pro-
gramming device 210 and the implantable medical de-
vice 114 can be carried out by radiofrequency transmis-
sion, acoustically, or by inductive communication using
a wand held on the outside of the patient 112 near the
device 114.

[0024] The remote programming device 210 is in com-
munication with a local programming device 116. The
communication link 230 between the local programming
device 116 and the remote programming device 210 may
be via phone lines, the Internet, or any other data con-
nection. Other details of the programming device 116
and the implantable medical device 114 are similar to as
described with respect to FIG. 1. Whenever configura-
tions and capabilities of a programming device are de-
scribed herein, those same features can be found in the
combination of a remote programming device 210 and a
local programming device 116.

Method Description

[0025] FIG. 3isaflow chartdepicting one method con-
sistent with the technology disclosed herein. The system
receives data 310, identifies a condition of a patient 320
such as cardiac dysynchrony, notifies or displays to a
clinical user of the system of the identified condition 330,
identifies to the clinical user a therapy appropriate for the
identified condition 340, and presents the clinical user
with a selectable option to implement the therapy 350.
[0026] Generally, the system can receive data 310
from a variety of sources. An implantable medical device
and any implantable sensors can provide data including
device operation parameters, patient indications, event
counters, and any other data from the implantable med-
ical device and/or from the implantable sensors. Exam-
ples of patient data available from a CRM device can
include heart rate variability data, cardiac output data,
minute ventilation data, accelerometer data, a Wencke-
bach counter value and other data.
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[0027] The implantable medical device can also pro-
vide data regarding the programming parameters that
are in use at that moment in time and in the past, such
as the maximum tracking rate, and many other parame-
ters.

[0028] The system can receive data from electronic
medical records. The electronic medical records can in-
clude patient medical records, historical implantable
medical device operation parameters, indications read
or calculated from electronic charts and electronic med-
ical records, user-entered indications, episodes, and
trends in patient indications, as examples. The system
can also receive data from a clinician. Such data can
include patient symptom data or information, operation
parameters, and the like.

[0029] In different embodiments, it is possible for dif-
ferent components of the system to carry out the steps
of FIG. 3 and other steps described herein. In one em-
bodiment, a programming device is capable of carrying
out all of the steps of FIG. 3 and other steps described
herein. In one embodiment, a patient management sys-
tem is configured to issue an alert to the clinical user. In
one embodiment, the patient management system is
configured to receive data 310, identify a condition of a
patient 320 such as cardiac dysynchrony, notifies or dis-
plays to a clinical user of the system of the identified
condition 330, and identifies to the clinical user a therapy
appropriate for the identified condition 340.

[0030] In one embodiment, the implantable medical
device performs the detection algorithm. In this embod-
iment, the implantable medical device is configured to
identify a condition of a patient 320 such as cardiac dys-
ynchrony and notify or display to a clinical user of the
system of the identified condition 330 using communica-
tion with a programming device or patient management
system. In one embodiment, the implantable medical de-
vice is configured to identify a therapy appropriate for the
identified condition 340, and can prompt a programming
device or a patient management system to provide that
information to the clinical user.

[0031] The system can identify cardiac dysynchrony in
step 320 in a number of different ways.

Heart Rate Variability Data

[0032] An example of a technique to identify cardiac
dysynchrony is by analyzing heart rate variability data
and determining from the heart rate variability data that
cardiac synchrony requires a heart rate that is greater
than at least one of a programmed maximum tracking
rate, maximum sensor rate and maximum pacing rate in
a CRM device. Cardiac Resynchronization Therapy
(CRT) devices may utilize both programmed maximum
sensor and maximum tracking rates depending on the
programming mode. If a device if programmed to VVIR,
then the maximum sensor rate is applicable but the max-
imum tracking rate is not. If the device is programmed to
DDD, then maximum tracking rate is applicable but max-
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imum sensor rate is not. If the mode is DDDR, then both
maximum tracking rate and maximum sensor rate are
applicable.

[0033] In CRT devices, circuitry is provided for both
sensing atrial and ventricular depolarization events and
for pacing one or both of atrial and ventricular tissue.
These CRM devices can keep a count of sensed atrial
depolarizations. The counting module can be referred to
as an A-sense counter. Each A-sense event can be re-
corded in a category according to what the patient’s heart
rate was at the time of the atrial contraction based on
examining the atrial contractions. Also, the CRM device
can track and categorize each left ventricular pace event
(LV-pace), recording each LV-pace in a category accord-
ing to what the patient’s heart rate was at the time of the
LV-pace based on examining the ventricular pacing. An
example of a screen 400 displaying this type of rate count
data or heart rate variability data is shown in FIG. 4. The
rate categories are listed in the column 410 titled "Rate
(bpm)" and in this example, indicates the heartrate within
a 10 bpm range. Selection buttons 420 and 421 allow
the user to select whether to view atrial rate counts, ven-
tricular rate counts or left ventricular rate counts for pac-
ing and sensing. On screen 400, atrial is selected for
sensing and left ventricular is selected for pacing. As a
result, the screen 400 displays sensed atrial rate counts
and paced left ventricular counts. The column 422 titled
"LV Paced" displays the count for left ventricular pacing
while the column 424 titled "A Sensed" shows the count
for sensed atrial contractions.

[0034] Inone embodiment, the identification algorithm
compares the A-sense counts above the maximum track-
ing rate to the number of A-sense counts and LV-pace
counts that are close to the maximum tracking rate. For
example, for a maximum tracking rate of 130 paces per
minute (ppm), the method would identify the number of
V-pace counts around the MTR and the number of A-
sense counts around and above MTR (130 bpm).
[0035] The method would also gather information
about the number of LV-pace counts that are close to the
upper limit of 130 ppm. In one example algorithm where
MTR is programmed to 130 ppm with 1:1 tracking, if the
sum of A-sense between 110 and 140 bpm is at least
15% greater than the sum of the LV-pace beats between
110 and 140 bpm, and at least 85% of the sum of the A-
sense beats between 110 and 150 bpm, then the system
would suggest considering raising the MTR to 140 ppm.
[0036] In gathering the number of A-sense counts, no
premature atrial contractions (PACs) should be counted
in the total. If the number of A-sense counts gradually
decreases at heart rates below and above MTR, then the
MTR will be recommended to be increased. In one ex-
ample shown in FIG. 4, MTR is 130 ppm, and over a rate
range below and above MTR, such as 110-150 bpm and
the A-sense counts gradually decrease: 110 bpm (4000),
120 bpm (2000), 130 bpm (1600), 140 bpm (1200), 150
bpm (900). In this situation, the MTR will be recommend-
ed to be increased. If the number of A-sense counts
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above the MTR is higher than the number of A-sense
counts near the MTR, then the maximum tracking rate
will be recommended to be unchanged.

[0037] In a typical patient, heart rate variability usually
increases, spikes and then consistently degrades as the
heart rate increases. This is consistent with the example
shown in FIG. 4. There may be A-Sense counts over 180
ppm but they should not be counted, similar to the rule
for not counting PACs, since these may occur for reasons
unrelated to exercise or other causes for increasing heart
rate. In the example of FIG. 4, the maximum LV-Pace is
at the MTR of 130 ppm. The number of A-sense counts
above 130 bpm (about 2500 counts) is higher than the
number of A-sense counts near 130 bpm (about 1600
counts). The combined total of A-sense counts 2500 and
1600 are about the same as the V-pace total (4100) at
MTR. As a result, the MTR could be raised a little higher
to allow the left ventricle to be paced at a higher rate and
thereby achieve greater synchrony with the atrial activity.

Cardiac Output

[0038] In another example of a method for identifying
cardiac dysynchrony, the CRM device determines the
cardiac output and analyzes the result to see if it is too
low. The cardiac output is the stroke volume multiplied
by the heart rate. There are many different methods for
using the CRM device to determine the cardiac output,
such as the methods described in U.S. Patent No.
5,190,035 to Salo et al. which use intrathoracic imped-
ance. Other methods involve determining an aortic flow
using Doppler shifting or by using perfusion sensors or
other invasive and non-invasive techniques.

[0039] If cardiac output is too low according to the no-
tification algorithm for cardiac dysynchrony, the user is
notified that the patient has a lack of cardiac synchrony.

Notifying a Clinical User, Identifying a Therapy and Pre-
senting a Therapy

[0040] Againreferring to FIG. 3, the system notifies the
clinical user of the identified condition in step 320, iden-
tifies a therapy appropriate for the identified condition at
step 340 and presents the clinical user with a selectable
option to implement the therapy at step 350. FIGS. 5-11
show examples of a group of screen shots that can be
used to accomplish these steps. Screen 500 of FIG. 5
shows an initial screen of a programming device. A sum-
mary dialog box 510 is presented to the user before pro-
viding access to the programming functions. The sum-
mary dialog box 510 includes a notification 512 of detect-
ed indications and conditions, and states "Cardiac Dys-
ynchrony at Intrinsic Rates above 130 bpm" to indicate
that this condition is present in the patient.

[0041] The summary dialog box 510 also includes an
event notification 514. In the example of FIG. 5, the event
notification 514 states that there have been no significant
episodes. In other situations, the event notification "VF
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Therapy" may appear indicating that the patient has re-
ceived therapy from the IMD for ventricular fibrillation.
The event notification "VT Therapy" may appear indicat-
ing that the patient has received therapy from the IMD
for ventricular tachycardia. The notification may indicate
the zone in which the device detects therapy. The event
notification "VT-1 Therapy" may appear indicating that
the patient has received therapy for ventricular therapy
in the VT-1 zone. The event notification "Atrial Episodes
> 48 hours" may appear indicating Atrial episodes lasting
longer than 48 hours. The event notification "Non-Sus-
tained Episodes" may appear indicating that episodes
have occurred but that they were of a non-sustained na-
ture.

[0042] The summary dialog box 510 also includes a
battery notification 516. In one example, battery notifica-
tion 516 states a timeframe until the end of the battery
life or until device removal or explant is recommended.
The summary dialog box 510 also includes a lead notifi-
cation 518, such as a statement that all lead measure-
ments are in range or a warning that a lead may be dam-
aged. The summary dialog box 510 also includes a button
520 user input so that the user can acknowledge having
viewed the notifications.

[0043] By clicking "Close" on the button 520, the user
closes the summary dialog box 510 and views other pro-
gramming device screens. For example, the user can
next view screen 600 shown in FIG. 6, which displays
the summary tab 610 of the programming device. The
summary tab 610 includes a notification 620 of a detected
patient indication or condition, in this example stating
"Cardiac Dysynchrony at Intrinsic Rates above 130 bpm."
A condition explanation button 630 is displayed as a part
of the notification 620, and allows the user to get more
information about the notification 620. A graphic is in-
cluded on the condition explanation button 630, such as
a magnifying glass, which indicates that further informa-
tion can be obtained.

[0044] At the bottom edge of FIG. 6, many options for
actions by the system or information from the system are
presented to the user in the form of interactive buttons,
including Utilities, Reports, Interrogate, View Changes,
Program, Parameter/Alert Status (such as OK, Warning,
Attention, Suggestion) and End Session. When the sys-
tem has a suggestion for programming for the user that
has not yet been adopted, the Suggestion button 635 is
brought to the attention of the user with the use of a sym-
bol and a special color, such as yellow, which is indicated
in FIG. 6 with cross-hatching of the Suggestion button
635.

[0045] Ifthe user selects the condition explanation but-
ton 630, the system displays screen 700 of FIG. 7 which
provides a statement of the condition and provides a ra-
tionale for why the system concluded that the patient has
the condition cardiac dysynchrony atintrinsicrates above
130 bpm in the screen portion 710. In the example of
FIG. 8, the screen portion 710 states under the heading
Detected Indications and Conditions, "Cardiac Dysyn-
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chrony at intrinsic rates above 130 bpm." In other exam-
ples, the screen portion 710 states under the heading
Detected Indications and Conditions, "Cardiac Dysyn-
chrony at intrinsic rates above MTR."

[0046] Inthe example of FIG. 8, the screen portion 710
states as arationale, "Programmed MTR = 130 bpm" and
"There is a significant number of intrinsic rates above the
MTR that are not providing resynchronizing therapy." In
another embodiment, the screen portion 710 instead
states as a rationale, "There is a significant number of
intrinsic rates above 130 ppm that are not providing re-
synchronizing therapy."

[0047] Screen 700 also includes an indications-based
programming button 720 which the user can select to
see selected indications and programming recommen-
dations. Screen 700 also includes a checkbox 730 giving
the user the option to improve the identified indication or
condition, thereby providing the user with a selectable
option to implement therapy appropriate to address the
identified condition.

[0048] Screen 780 of FIG. 8 is one example of an in-
dications-based programming display 782 where patient
indications and conditions can be viewed, selected and
unselected. A notification 784 of detected indications and
conditions is displayed, and in this example the notifica-
tion states, "Improve the Cardiac Dysynchrony at Intrinsic
Rates above 130 bpm" alongside a checkbox 786. The
checkbox 786 is in a checked state to indicate that the
system has detected the condition of cardiac dysynchro-
ny atintrinsic rates above 130 bpm using an identification
algorithm. The user can uncheck the checkbox 786 if the
user has reached a different conclusion about the patient
condition or does not want the system to present options
for fixing or improving the patient condition or indication.
The checkboxes and buttons described herein are all
types of user input devices, and many different user input
devices may be substituted for those described herein.

[0049] Screen 780 alsoincludes a detected indications
and conditions label and button 788 which allows a user
to return to the more detailed information about of the
patient’s indications and conditions and the rationale for
the detected indications and conditions of screen 700 of
FIG. 7. Also, a view recommended settings label and
button 790 provides a selectable option for the user to
view the specific parameter settings that are recommend-
ed by the system to address the particular patient indi-
cations and conditions.

[0050] In one example, the system recommends that
an MTR value that is higher than the current MTR value
be programmed for the CRM device to address the pa-
tient’s cardiac dysynchrony at intrinsic rates higher than
a threshold. If the user selects the "View Recommended
Settings" button 790 of FIG. 8, then screen 900 of FIG.
9 is displayed. In screen 900, a summary of proposed
settings 910 is provided including setting the MTR to be
140 paces per minute instead of 130 paces per minute
as it was previously programmed as shown at the Sum-
mary of Patient Information Screen 700. In screen 900,
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the user is also presented with a Program this Profile
button 912 and a Reject this Profile button 914 to allow
programming or rejecting the proposed settings to the
implantable medical device.

[0051] Other options also exist in the programming
screens of FIGS. 5-11 to obtain more detailed information
about the recommended setting changes. For example,
by selecting the Suggestion button 635 of FIGS. 6-8, the
user is brought to a summary of those parameters which
can be modified to improve the identified condition. FIG.
10 provides an example of such a screen 1000, showing
the Normal Brady Maximum Sensor Rate 1002 and the
Normal Brady Maximum Tracking Rate 1004 at their pro-
grammed values of 130 ppm. Screen 1000 also shows
a warning symbol 1006 indicating that the system has a
different suggestion for these parameters.

[0052] If the user selects any of the Fix Other buttons
1008, 1010 on the screen, the user is presented with
screen 1100 of FIG. 11, providing Resolved Parameter
Recommendations parameters. Screen 1100 of FIG. 11
shows that the current values for MSR and MTR are 130
ppm, but the suggested values are 140 ppm. The user
has the option to accept the suggested parameter chang-
es by selecting button 1108 or cancel the changes using
button 1110.

[0053] Inone example, in response to an input to turn
off or inappropriately modify the therapy appropriate for
the condition, the system delivers an alert to a user com-
municating that the existing therapy is appropriate for the
identified condition. This alert can come in the form of
the Suggestion button 635 being active and being pre-
sented to the user and brought to the user’s attention
with the color yellow, another color, a special symbol or
more than one of these techniques. When the user press-
es the Suggestion button 635, the screen 1000 of FIG.
10 identifies to the user the parameters that are in conflict
with the system’s suggestions. When the user has ac-
cepted the suggested parameters, the Suggestion button
635 can become a dimmed OK button as shown in FIG. 9
[0054] FIGS. 5-11 show how the system communi-
cates a treatment recommendation that conveys device
operation parameters. Generally, the system makes a
treatment recommendation based on data available to
the system. The treatment recommendations will gener-
ally be consistent with recent patient indications and oth-
er data available to the system. The treatment recom-
mendations can be communicated to a system user
through a user interface, such as displayed on a screen.
Other parameters associated with the medical device
and the treatment recommendations can also be com-
municated to a system user. Each treatment recommen-
dation can have a system confidence level associated
therewith.

[0055] The system confidence level can be based on
a variety of factors associated with the data, such as the
reliability of a data source, historical patient data includ-
ing event occurrences, past incorrectness of treatment
recommendations, conflicting data, and so on. In a vari-
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ety of embodiments the system provides an indication of
the system confidence level of the treatment recommen-
dations to the user, which can be expressed in a variety
of ways including a percentage or number value, color
code, text and so on. The treatment recommendations
can be displayed for the caretaker on a user interface,
who may decide to select or override one or more pa-
rameters.

[0056] The system can receive the clinical user’s ther-
apy selection through a variety of user interface devices
such as a keyboard, touch screen, mouse, microphone,
combinations thereof, and so on.

[0057] If the clinical user’s therapy selection conflicts
with system data, the system can display a notice to pro-
vide information to the user. The notice can be a warning
indicating that the chosen treatment is not consistent with
patient indications. The warning can also notify the sys-
tem user of data that is in conflict with the therapy selec-
tion, or provide another explanation of the inconsistency.
The system can also provide the user with rationale as-
sociated with the recommended parameter.

Programmer Hardware

[0058] Programming devices can include components
common to many computing devices. Referring now to
FIG. 12, a diagram of various components is shown in
accordance with some embodiments of the invention.
However, it is not required that a programming device
have all of the components illustrated in FIG. 12.
[0059] In one embodiment, the programming device
includes a central processing unit (CPU) 805 or proces-
sor, which may include a conventional microprocessor,
random access memory (RAM) 810 for temporary stor-
age of information, and read only memory (ROM) 815
for permanent storage of information. A memory control-
ler 820 is provided for controlling system RAM 810. A
bus controller 825 is provided for controlling data bus
830, and an interrupt controller 835 is used for receiving
and processing various interrupt signals from the other
system components.

[0060] Mass storage can be provided by diskette drive
841, which is connected to bus 830 by controller 840,
CD-ROM drive 846, which is connected to bus 830 by
controller 845, and hard disk drive 851, which is connect-
ed to bus 830 by controller 850. User input to the pro-
grammer system may be provided by a number of input
devices 834. For example, a keyboard, touch screen,
mouse, or more than one of these, can connected to bus
830 by input device controller 855. DMA controller 860
is provided for performing direct memory access to sys-
tem RAM 810. A visual display is generated by a video
controller 865 or video output, which controls video dis-
play 870. The external system can also include a telem-
etry interface 890 or telemetry circuit which allows the
external system to interface and exchange data with an
implantable medical device. It will be appreciated that
some embodiments may lack various elements illustrat-
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ed in FIG. 12.

Implantable Device Hardware

[0061] Referring now to FIG. 13, some components of
an exemplary implantable system 900, such as an im-
plantable CRM device, are schematically illustrated. The
implantable medical system 900 can include an implant-
able medical device 972 coupled to one or more stimu-
lation leads 930 and 928. The implantable device 972
can also include other sensors such as an activity sensor
962.

[0062] The implantable device can include a micro-
processor 948 (or processor) that communicates with a
memory 946 via a bidirectional data bus. The memory
946 typically comprises ROM or RAM for program stor-
age and RAM for data storage. The implantable device
can be configured to execute various operations such as
processing of signals and execution of methods as de-
scribed herein. A telemetry interface 964 is also provided
for communicating with an external unit, such as a pro-
grammer device or a patient management system.
[0063] The implantable device can include ventricular
sensing and pacing channels comprising sensing ampli-
fier 952, output circuit 954, and a ventricular channel in-
terface 950 which communicates bidirectionally with a
port of microprocessor 948. The ventricular sensing and
pacing channel can be in communication with stimulation
lead 930 and electrode 934. The implantable device can
include atrial sensing and pacing channels comprising
sensing amplifier 958, output circuit 960, and an atrial
channel interface 956 which communicates bidirection-
ally with a port of microprocessor 948. The atrial sensing
and pacing channel can be in communication with stim-
ulation lead 928 and electrode 932. For each channel,
the samelead and electrode can be used for both sensing
and pacing. The channel interfaces 950 and 956 can in-
clude analog-to-digital converters for digitizing sensing
signal inputs from the sensing amplifiers and registers
which can be written to by the microprocessor in order
to output pacing pulses, change the pacing pulse ampli-
tude, and adjust the gain and threshold values for the
sensing amplifiers.

[0064] One of ordinary skill in the art will understand
that the modules, circuitry, and methods shown and de-
scribed herein with regard to various embodiments of the
invention can be implemented using software, hardware,
and combinations of software and hardware. As such,
the illustrated and/or described modules and circuitry are
intended to encompass software implementations, hard-
ware implementations, and software and hardware im-
plementations.

[0065] This application is intended to cover adapta-
tions or variations of the present subject matter within
the scope of the invention as defined by the claims that
follow:
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Claims

A system (100, 200) foridentifying a patient condition
comprising:

an implantable medical device (114) configured
to collect cardiac data from a patient;

a device comprising a user interface and capa-
ble of communication with the implantable med-
ical device (114) to collect the cardiac data,
wherein the system (100, 200) for identifying a
patient condition is configured to program the
implantable medical device (114), to identify a
patient condition comprising cardiac dysynchro-
ny at intrinsic heart rates over a threshold using
the cardiac data, and notify a clinical user of the
identified condition using the user interface;
characterised in that the device is further con-
figured to identify a therapy appropriate for the
identified condition, wherein the identified ther-
apy includes increasing the maximum tracking
rate.

2. The system (100, 200) of any of claims 1 and 3-7,

wherein the device is a programming device (116)
and is further configured to:

present the clinical user with a selectable option
to implement the therapy appropriate for the
identified condition on the user interface; and
in response to an input to turn off or inappropri-
ately modify the therapy appropriate for the con-
dition, deliver an alert to a user communicating
that the requested change in therapy is inappro-
priate for the identified condition.

The system (100, 200) of any of claims 1-2 and 4-7,
wherein the threshold for intrinsic rates is the maxi-
mum tracking rate.

The system (100, 200) of any of claims 1-3 and 5-7,
wherein the device is configured to analyze heart
rate variability data and determining from the heart
rate variability data that cardiac synchrony requires
a heart rate that is greater than at least one of a
programmed maximum tracking rate, a programmed
maximum sensor rate and a programmed maximum
pacing rate in a cardiac rhythm management device
in order to identify cardiac dysynchrony.

The system (100, 200) of any of claims 1-4 and 6-7,
wherein the device is configured to analyze cardiac
output data and determine from the cardiac output
datathat cardiac synchrony requires a heartrate that
is greater than at least one of a programmed maxi-
mum tracking rate, a programmed maximum sensor
rate and a programmed maximum pacing rate in a
cardiac rhythm management device in order to iden-
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tify cardiac dysynchrony.

The system (100, 200) of any of claims 1-5 and 7,
wherein the device is configured display a rationale
for the conclusion underlying the identified condition.

The system (100, 200) of any of claims 1-6, wherein
the device is one of a patient management system
(132), aprogramming device (116) and aremote pro-
gramming device (210).

Patentanspriiche

System (100, 200) zum Identifizieren des Zustands
eines Patienten, welches aufweist:

eine implantierbare medizinische Vorrichtung
(114), die konfiguriert ist zum Sammeln von
Herzdaten eines Patienten;

eine Vorrichtung, die eine Benutzerschnittstelle
aufweist und zu einer Kommunikation mit der
implantierbaren medizinischen Vorrichtung
(114) in der Lage ist, um die Herzdaten zu sam-
meln, wobei das System (100, 200) zum Identi-
fizieren des Zustands eines Patienten konfigu-
riertist, die implantierbare medizinische Vorrich-
tung (114) zu programmieren, den Zustand ei-
nes Patienten aufweisend kardiale Dysynchro-
nie bei intrinsischen Herzfrequenzen oberhalb
eines Schwellenwerts unter Verwendung der
Herzdaten zu identifizieren und einem Klini-
schen Nutzer den identifizierten Zustand unter
Verwendung der Benutzerschnittstelle mitzutei-
len;

dadurch gekennzeichnet, dass

die Vorrichtung weiterhin konfiguriert ist, eine
Therapie, die fir den identifizierten Zustand
zweckmalig ist, zu identifizieren, wobei die
identifizierte Therapie eine Zunahme der maxi-
malen Verfolgungsrate enthalt.

System (100, 200) nach einem der Anspriiche 1 und
3 bis 7, bei dem die Vorrichtung eine Programmier-
vorrichtung (116) ist und weiterhin konfiguriert ist
zum:

Prasentieren demklinischen Benutzer eine Aus-
wahloption zum Implementieren der fiir den
identifizierten Zustand zweckmaRigen Therapie
auf der Benutzerschnittstelle; und

als Antwort auf eine Eingabe zum Abbrechen
oder ungeeigneten Modifizieren der fiir den Zu-
stand geeigneten Therapie Liefern einer War-
nung zu einem Benutzer, die Gbermittelt, dass
die geforderte Anderung der Therapie fiir den
identifizierten Zustand ungeeignet ist.
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System (100, 200) nach einem der Anspriiche 1 bis
2 und 4 bis 7, bei dem der Schwellenwert fir intrin-
sische Frequenzen die maximale Verfolgungsrate
ist.

System (100, 200) nach einem der Anspriiche 1 bis
3 und 5 bis 7, bei dem die Vorrichtung konfiguriert
ist zum Analysieren von Herzfrequenz-Variabilitats-
daten, dass kardiale Synchronie eine Herzfrequenz
erfordert, die groRer ist als zumindest eine von einer
programmierten maximalen Verfolgungsrate, einer
programmierten maximalen Sensorrate und einer
programmierten maximalen Schrittgaberate in einer
Herzrhythmus-Managementvorrichtung, um kardia-
le Dysynchronie zu identifizieren.

System (100, 200) nach einem der Anspriiche 1 bis
4 und 6 bis 7, bei dem die Vorrichtung konfiguriert
ist zum Analysieren von Herzausgangsdaten und
zum Bestimmen anhand der Herzausgangsdaten,
dass eine kardiale Synchronie eine Herzfrequenz er-
fordert, die gréRer ist als zumindest eine von einer
programmierten maximalen Verfolgungsrate, einer
programmierten maximalen Sensorrate und einer
programmierten maximalen Schrittgaberate in einer
Herzrhythmus-Managementvorrichtung, um kardia-
le Dysynchronie zu identifizieren.

System (100, 200) nach einem der Anspriiche 1 bis
5und 7, bei dem die Vorrichtung konfiguriert ist zum
Anzeigen einer Begriindung fiir die dem identifizier-
ten Zustand zugrunde liegende Schlussfolgerung.

System (100, 200) nach einem der Anspriiche 1 bis
6, bei dem die Vorrichtung eines/eine von einem Pa-
tientenmanagementsystem (132), einer Program-
miervorrichtung (116) und einer Fernprogrammier-
vorrichtung (210) ist.

Revendications

Systeme (100, 200) pour identifier une condition de
patient, comprenant :

un dispositif médical implantable (114) qui est
configuré de maniere a collecter des données
cardiaques a partir d'un patient ;

un dispositif qui comprend une interface utilisa-
teur et qui dispose de la capacité de communi-
quer avec le dispositif médical implantable (114)
de maniére a collecter les données cardiaques,
dans lequel le systéme (100, 200) pour identifier
une condition de patient est configuré de ma-
niére a programmer le dispositif médical implan-
table (114), de maniére a identifier une condition
de patient comprenant une mauvaise synchro-
nisation cardiaque au niveau de fréquences car-
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10

diaques intrinséques au-dela d’un seuil en utili-
sant les données cardiaques et de maniére a
notifier la condition identifiée a un utilisateur cli-
nique en utilisant l'interface utilisateur ;
caractérisé en ce que :

le dispositif est en outre configuré de ma-
niére a identifier une thérapie appropriée
pour la condition identifiée, dans lequel la
thérapie identifiée inclut 'augmentation de
la fréquence de suivi maximum.

Systéme (100, 200) selon I'une quelconque des re-
vendications 1 et 3 a 7, dans lequel le dispositif est
un dispositif de programmation (116) et est en outre
configuré de maniere a:

présenter a l'utilisateur clinique une option sus-
ceptible d’étre sélectionnée pour mettre en
oeuvre la thérapie appropriée pour la condition
identifiée sur 'interface utilisateur ; et

en réponse a une entrée pour désactiver ou mo-
difier de fagon inappropriée la thérapie appro-
priée pour la condition, délivrer une alerte a un
utilisateur, laquelle alerte communique le fait
que la modification demandée en requéte de la
thérapie est inappropriée pour la condition iden-
tifice.

Systéme (100, 200) selon I'une quelconque des re-
vendications 1 et 2 et4 a 7, dans lequel le seuil pour
des fréquences intrinséques est la fréquence de sui-
Vi maximum.

Systéme (100, 200) selon I'une quelconque des re-
vendications 1 a 3 et 5 a 7, dans lequel le dispositif
est configuré de maniére a analyser des données
de variabilité de fréquence cardiaque et de maniére
a déterminer, a partir des données de variabilité de
fréequence cardiaque, qu’une synchronisation car-
diaque nécessite une fréquence cardiaque qui soit
supérieure a au moins une fréquence prise parmi
une fréquence de suivi maximum programmeée, une
fréquence de capteur maximum programmée etune
fréquence de stimulation cardiaque maximum pro-
grammeée dans un dispositif de gestion de rythme
cardiaque afin d’identifier une mauvaise synchroni-
sation cardiaque.

Systéme (100, 200) selon I'une quelconque des re-
vendications 1 a 4 et 6 et 7, dans lequel le dispositif
est configuré de maniére a analyser des données
de sortie cardiaque et de maniére a déterminer, a
partir des données de sortie cardiaque, qu’une syn-
chronisation cardiaque nécessite une fréquence car-
diaque qui soit supérieure a au moins une fréquence
prise parmi une fréquence de suivi maximum pro-
grammeée, une fréquence de capteur maximum pro-
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grammeée et une fréquence de stimulation cardiaque
maximum programmée dans un dispositif de gestion
de rythme cardiaque afin d’identifier une mauvaise
synchronisation cardiaque.

Systeme (100, 200) selon I'une quelconque des re-
vendications 1 a 5 et 7, dans lequel le dispositif est
configuré de maniére a afficher une explication jus-
tificative qui concerne la conclusion sous-jacente re-
lative a la condition identifiée.

Systeme (100, 200) selon I'une quelconque des re-
vendications 1 a 6, dans lequel le dispositif est un
dispositif pris parmi un systéme de gestion de patient
(132), un dispositif de programmation (116) et un
dispositif de programmation a distance ou télé-pro-
grammation (210).
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