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(57) ABSTRACT

A system and method for correlating health related data for
display. The system includes a medical device recording
data and a display producing device which correlates the
data and simultaneously displays different types of data or
displays two sets of the same type of data along with the
circumstances at which the two sets of data were recorded.
Such displays aid a physician in prescribing and ascertaining
the efficacy of cardiac therapies.
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SYSTEM AND METHOD FOR
CORRELATION OF PATIENT HEALTH
INFORMATION AND DEVICE DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/879,724, filed on Oct. 9, 2015, which
is a continuation of U.S. patent application Ser. No. 14/480,
962, filed on Sep. 9, 2014, now issued as U.S. Pat. No.
9,155,904, which is a continuation of U.S. patent application
Ser. No. 13/964,893, filed on Aug. 12, 2013, now issued as
U.S. Pat. No. 8,838,220, which is a continuation of U.S.
patent application Ser. No. 13/411,063, filed on Mar. 2,
2012, now issued as U.S. Pat. No. 8,548,576, which is a
continuation of U.S. patent application Ser. No. 12/941,377,
filed on Nov. 8, 2010, now issued as U.S. Pat. No. 8,131,351,
which is a continuation of U.S. patent application Ser. No.
11/379,912, filed on Apr. 24, 2006, now issued as U.S. Pat.
No. 7,844,322, which is a continuation of U.S. patent
application Ser. No. 10/687.433, filed on Oct. 16, 2003, now
issued as U.S. Pat. No. 7,047,065, which is a continuation of
U.S. patent application Ser. No. 09/738,869, filed on Dec.
15, 2000, now issued as U.S. Pat. No. 6,665,558, the
specifications of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention pertains to a system and method of
correlating general patient health information and implant
device data, and more particularly for correlating patient
health information and cardiac rhythm management device
data.

BACKGROUND

[0003] Implantable cardiac rhythm management devices
(“CRM devices”) are well established therapeutic devices
for treating patients who have experienced one or more
documented episodes of hemodynamically significant ven-
tricular tachycardia, ventricular fibrillation, bradycardia, or
heart failure. Since their clinical inception more than two
decades ago, CRM devices have evolved from basic to
sophisticated electronic devices that provide physicians with
a variety of clinically useful functions with which to treat
patients.

[0004] Presently, even the most basic of CRM device
typically has more than one tachycardia detection criterion,
tiered therapy which combines bradycardia support pacing
with various antitachycardia pacing modes, low-energy car-
dioversion, defibrillation, and data logging capabilities. The
data logging capabilities within CRM devices have become
increasingly important, since the amount of data required for
the CRM device operation increases proportionally with the
increase in CRM functions. Efficiently processing this large
amount of data has become possible with the incorporation
of microprocessors and memory within the CRM device.
[0005] Once a CRM device has been implanted, the phy-
sician interacts with the CRM device through a clinical
programmer. The clinical programmer establishes a com-
munication link with the implanted CRM device. The com-
munication link allows instructions to be sent to the elec-
tronic circuitry of the CRM device and clinical data
regarding the occurrence and treatment of a patient’s cardiac
arrhythmias and the CRM device’s operation to be sent from
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the electronic circuitry of the CRM device to the clinical
programmer. The typical programmer is a microprocessot-
based unit that creates a communication link between the
implanted CRM device and the programmer, and a graphics
display screen that presents a patient’s recorded cardiac data
and CRM system information to the physician.

[0006] As the number of differing health data recorded by
CRM device increases with each new generation of CRM
device and the number of general patient health data
increases, manufacturers and clinicians alike are becoming
more sensitive to the role that time-efficient data interpre-
tation plays in the physician’s diagnosis of the patient. As
CRM devices become increasingly complex, the interpreta-
tion of recorded arrhythmic episodes, operation of the CRM
device, and the effect of changing a patient’s therapy can be
a challenging and time-consuming task.

[0007] Therefore, a need exists for improved CRM system
and programmer technology that facilitates and correlates
the identification of relevant information regarding the
patient’s clinical status. There is a need in the art for a
system that correlates multiple data sets and displays same
to the physician.

SUMMARY OF THE INVENTION

[0008] The present invention is generally directed to a
system and method for presenting data from the CRM
device simultaneously with patient health data and/or other
patient data. The data so presented provides a physician with
a visual display of more than one data set and thus the
correlation between the data. Such a display may aid the
physician in diagnosing and treating a patient.

[0009] Accordingly, one embodiment provides a cardiac
rhythm management system including a cardiac rhythm
management device and a programmer, the programmer
being adapted to receive data from the cardiac rhythm
management device. The programmer is adapted to correlate
a first data set and a second data set for display to a
physician. The first data set may be continuous, asynchro-
nous or periodic data. The second data set may be asyn-
chronous, continuous, or periodic data.

[0010] In another embodiment of the invention, the data is
downloaded from the programmer into a data processor,
which correlates the data. The correlated data is then output
to a display device. One example of a data processor is a
computer running appropriate software. One example of the
display device is a computer monitor.

[0011] A further embodiment provides a display of the
reoccurring first data against time and a second data imposed
on the time axis to indicate a change in the patient’s therapy.
The second data may include changes to a patient’s therapy
including medication changes, medical device changes, or
changes in operational parameters of a medical device.
[0012] Another embodiment provides a graphical display
of data of the same type, which were recorded under
different conditions, for example at different times or when
the patient was under different treatment. The different
circumstances are also displayed.

[0013] In another embodiment, the same type of data is
heart rate variability data and the different circumstances
may be the time at which the heart rate variability data was
measured.

[0014] These and other embodiments, aspects, advan-
tages, and features of the present invention will be set forth
in part in the description which follows, and in part will
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become apparent to those skilled in the art by reference to
the following description of the invention and referenced
drawings or by practice of the invention. The aspects,
advantages, and features of the invention are realized and
attained by means of the instrumentalities, procedures, and
combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an embodiment of an implantable cardiac
rhythm management device.

[0016] FIG. 2 is a block diagram of an implantable cardiac
rhythm management device.

[0017] FIG. 3 is a perspective view of a programmer unit
and computer system.

[0018] FIG. 4 is a flow chart of an embodiment of the
present invention.

[0019] FIG. 5is a graph of a patient’s therapy history and
further patient health\therapy data verses time according to
one embodiment of the invention.

[0020] FIG. 6 is a graph of a patient’s therapy history and
change in ventricular sensitivity verses time according to
one embodiment of the invention.

[0021] FIG. 7 is a graph of a patient’s activity and pacing
chamber versus time according to one embodiment of the
invention.

[0022] FIG. 8 is a graph of a patient’s activity and change
in accelerometer versus time according to one embodiment
of the invention.

[0023] FIG. 9 is a display simultaneously showing two
Heart Rate Variability graphs according to one embodiment
of the invention.

[0024] FIG. 10 is a display of trend data associated with
Heart Rate Variability measurements according to one
embodiment of the invention.

[0025] FIG. 11 is a display of an activity log recorded by
a CRM device.

DESCRIPTION OF THE INVENTION

[0026] In the following detailed description of the inven-
tion, reference is made to the accompanying drawings which
form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice
the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made
without departing from the scope of the present invention.
[0027] The embodiments of the present invention illus-
trated herein are described as being included in a cardiac
rhythm management device, e.g. an implantable cardiac
defibrillator, pacemaker, or heart failure treatment device,
which may include numerous pacing modes known in the
art, and an external medical device programmer. The medi-
cal system and method of the present invention could also be
implemented in an external cardioverter/monitor system as
are known in the art. The medical system and method of the
present invention could also be implemented in an implant-
able atrial cardioverter-defibrillator, which may include
numerous pacing modes known in the art. Furthermore,
although the present invention is described in conjunction
with an implantable defibrillator having a microprocessor
based architecture, it will be understood that the implantable
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cardiac defibrillator (or other implanted device) may be
implemented in any logic based, custom integrated circuit
architecture, if desired.

[0028] FIG. 1 shows one embodiment of a medical device
system which includes a CRM device 20 electrically and
physically coupled to at least one lead 22 such as an
intracardiac catheter, epicardial lead, or coronary vein lead.
In one embodiment, the intracardiac catheter 22 includes one
or more pacing electrodes and one or more intracardiac
defibrillation electrodes.

[0029] The intracardiac catheter 22 is implanted in a
human body 24 with portions of the intracardiac catheter 22
inserted into a heart 26 or placed on the heart 26 to detect
and analyze electric cardiac signals produced by the heart 26
and to provide electrical energy to the heart 26 under certain
predetermined conditions to treat cardiac arrhythmias of the
heart 26, including ventricular fibrillation, bradycardia and/
or heart failure.

[0030] In one embodiment, the intracardiac catheter 22 is
an endocardial lead adapted to be releasably attached to
CRM device 20. The intracardiac catheter 22 has an elongate
body with a proximal end 28 and a distal end 30 and is
shown as having a pacing electrode 32 located at, or
adjacent, the distal end 30 of intracardiac catheter 22. In one
embodiment, the pacing electrode 32 is a tip electrode
positioned at the distal end 30 of intracardiac catheter 22.
Alternatively, pacing electrode 32 is an annular, or a semi-
annular ring electrode positioned adjacent the distal end 30.

[0031] The intracardiac catheter 22 also includes one or
more defibrillation electrodes. In one embodiment, the
intracardiac catheter 22 has a first defibrillation electrode 34
and a second defibrillation electrode 36, where the first
defibrillation electrode 34 and the second defibrillation
electrode 36 are defibrillation coil electrodes. The first
defibrillation electrode 34 is spaced apart and proximal to
the pacing electrode 32, and the second defibrillation elec-
trode 36 is spaced apart and proximal to the first defibril-
lation electrode 34 such that when the intracardiac catheter
22 is positioned within the heart 26, the pacing electrode 32
and first defibrillation electrode 34 reside within a right
ventricle 38 of the heart 26, with pacing electrode 32 in an
apex location within the right ventricle 38, and second
defibrillation electrode 36 is positioned within the right
atrium chamber 40 of heart 26 or a major vein leading to
right atrium chamber 40 of heart 26. The description of
catheter 22 is but one example of various leads, known to
one of skill in the art, that will work with the present
invention. As a further example CRM device 20 may be
connected to a plurality of leads.

[0032] FIG. 2 shows an embodiment of a block diagram of
CRM device 20. The CRM device 20 includes electronic
control circuitry 42 for receiving cardiac signals from heart
26 and delivering electrical energy to heart 26. The elec-
tronic control circuitry 42 includes terminals, labeled with
reference numbers 44, 46, and 48 for connection to elec-
trodes attached to the surface of intracardiac catheter 22.
Pacing electrode 32 is electrically connected to terminal 44
and to the electronic control circuitry 42 through an elec-
trically insulated conductor provided within the elongate
body of intracardiac catheter 22. The first defibrillation
electrode 34 and the second defibrillation electrode 36 are
connected to terminals 46 and 48, respectively, and to
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electronic control circuitry 42 through electrically insulated
conductors provided within the elongate body of intracar-
diac catheter 22.

[0033] In one embodiment, electronic control circuitry 42
of CRM device 20 is encased and hermetically sealed in a
housing 50 suitable for implanting in a human body. In one
embodiment, titanium is used for the housing 50, however,
other biocompatible housing materials as are known in the
art may be used. A connector block 52 is additionally
attached to the housing 50 of CRM device 20 to allow for the
physical and the electrical attachment of the intracardiac
catheter 22 and the electrodes to CRM device 20 and the
encased electronic control circuitry 42 (FIG. 1).

[0034] Electronic control circuitry 42 is a programmable
microprocessor-based system, with a microprocessor 54 and
a memory circuit 56, which contains parameters for various
pacing and sensing modes (FIG. 2). Memory circuit 56
stores data indicative of cardiac signals received by the
electronic control circuitry 42. In one embodiment, data
stored in the memory circuit 56 includes arrhythmia episode
details, such as: a raw electrocardiogram signals, including
two or more channels such as a ventricular signal and an
atrial signal; a chronological number of the episode; the date
and time of the episode; the type of episode detected; the
onset rate of the episode; the stability of the episode; the
duration of the episode; pre-therapy and post-therapy aver-
age atrial and ventricular rates; and the type of therapy
delivered. Other arrhythmia episode data known in the art
can also be recorded and stored in memory circuit 56.
Moreover, the data stored in memory circuit 56 can include
lead impedance measurements, pacing threshold measure-
ments, brady pacing parameters, and programmed therapy
parameters. The stored data may also include patient health
data, for example, maximum heart rate, heart rate variability
data, and blood pressure measurements.

[0035] Electronic control circuitry 42 further includes
transmitter circuit 58 which is coupled to memory circuit 56
to allow the CRM device 20 to communicate with a pro-
grammer unit 60. In one embodiment, transmitter circuit 58
and programmer unit 60 use a wire loop antenna 62 and a
radio frequency telemetric link to receive and transmit
signals and data to and from the programmer unit 60 and the
electronic control circuitry 42. In another embodiment, the
transmitter circuit 58 includes inductive coils to bidirection-
ally transmit signals and data between programmer unit 60
and electronic control circuitry 42. In these manners, pro-
gramming commands or instructions are transferred to the
microprocessor 54 of CRM device 20 after implant, and
stored cardiac data pertaining to patient health, including
sensed arrhythmic episodes within the heart 26, and subse-
quent therapy, or therapies, applied to correct sensed
arrhythmic events are transferred to programmer unit 60
from CRM device 20. It is within the scope of the present
invention to transmit any data stored in CRM device 20 to
programmer unit 60 so the data can be analyzed and used by
a physician to diagnose and evaluate the efficacy of the
therapy.

[0036] Pacing electrode 32 is coupled to a sense amplifier
64 through terminal 44 in the FIG. 2 embodiment. In an
additional embodiment, the housing 50 of CRM device 20 is
also coupled to the sense amplifier 64 at 65 to allow for
unipolar cardiac rate sensing between the pacing electrode
32 and the housing 50 of CRM device 20. The output of the
sense amplifier 64 is shown connected to an R-wave detector
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66. These components serve to sense and amplify the QRS
waves of the heart, and apply signals indicative thereof to
the microprocessor 54. Among other things, microprocessor
54 responds to the R-wave detector 66 by providing pacing
signals to a pace output circuit 68, as needed according to the
programmed pacing mode. Pace output circuit 68 provides
output pacing signals to terminals 44 and 46, which connect
to the pacing electrode 32 and defibrillation electrode 34, for
cardiac pacing. As illustrated in FIG. 2, the pace output
circuit is also connected to housing 50 at terminal 65 and
through connection 78 to terminal 46. In another embodi-
ment, the connection to defibrillation electrode 34 is accom-
plished by intracardiac catheter 22 instead of CRM device
20. As will be appreciated by one of skill in the art, this is
one of many structures for sensing cardiac rates and pro-
duction of cardiac rhythm management signals.

[0037] First defibrillation electrode 34 and second defi-
brillation electrode 36 are coupled to a sense amplifier 70,
whose output is connected to a cardiac morphology detector
72. These components serve to sense and amplify the
QRS-waves of the cardiac cycle from the ventricular region
of the heart 26, and apply signals indicative thereof to the
microprocessor 54. In one embodiment, the cardiac mor-
phology detector 72 includes an analog filter for filtering
cardiac signal noise sensed by the electrodes. The cardiac
signals are then band limited before arriving at an analog-
to-digital filter. The cardiac signals are then A/D converted
into a digital signal and subsequently received by micro-
processor 54. In an alternative embodiment, the cardiac
signals are filtered through an analog peak detector to extract
the maximum and minimum cardiac signal values for each
sensed cardiac interval.

[0038] Microprocessor 54 responds to the cardiac signals
sensed within the heart 26 using the intracardiac catheter 22
by providing signals to cardioversion/defibrillation output
circuitry 74 to provide either cardioversion or defibrillation
electrical energy to the heart 26 depending upon nature of an
arrhythmia sensed by CRM device 20. Power to CRM
device 20 is supplied by an electrochemical battery 76 that
is housed within CRM device 20.

[0039] While the illustrative embodiment show in FIG. 2
has R-Wave detector 66 and morphology detector 72, it is
understood that one or the other of these detectors could be
removed from the CRM device 20. Moreover, other detec-
tors could be installed in CRM device 20 to monitor various
health data of a patient.

[0040] Referring now to FIG. 3, there is shown one
embodiment of a medical device programmer 60 of the
medical device system. As previously mentioned, one
embodiment of the medical device programmer 60 for the
implantable CRM device 20 takes the form of an external
controller. However, in an alternative embodiment, the
medical device system is a completely external device such
as an external cardioverting/defibrillator system as are
known in the art, where the programmer unit is physically
and electronically integrated into electronic control circuitry
similar to the electronic control circuitry 42 of CRM device
20. An example of this latter embodiment is for an external
cardiac monitor and defibrillation unit, electrically con-
nected to the heart by any combination of intracardiac
catheters, epicardial electrodes and/or external cardiac elec-
trodes.

[0041] Medical device programmer 60 is designed to be
positioned external of the human body 24 for communicat-
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ing with an implantable medical device, such as CRM
device 20 from FIG. 1, for example via RF telemetry.
Medical device programmer 60 has programmer electronic
circuitry, including a microprocessor and related circuitry,
such as digital memory, which is coupled to an output unit,
which is here shown as graphics display screen 102.
[0042] In one embodiment, the medical device program-
mer 60 comprises an outer housing 100 which is made of a
thermal plastic or other suitable lightweight durable mate-
rial. The graphics display screen 102 is disposed on the
upper surface of housing 100. The graphics display screen
102 folds down into a closed position when medical device
programmer 60 is not in use, thereby reducing the size of
medical device programmer 60 and protecting the display
surface of graphics display screen 102 during transportation
and storage. In an additional embodiment, the external
programmer additionally has a floppy disk drive and a hard
drive disposed within the housing.

[0043] The medical device programmer 60 is shown with
the graphics display screen 102 positioned in one of a
plurality of possible open positions such that a display on the
graphics display screen 102 is visible to a user situated in
front of medical device programmer 60. In one embodiment,
the graphics display screen 102 is of a CRT, LCD or
electroluminescent type. The graphics display screen 102 is
operatively coupled to the electronic circuitry disposed with
the housing 100 and is adapted to provide a visual display of
graphics and/or data under control of the programmer elec-
tronic circuitry, e.g. processor. It is within the scope of the
present invention to provide programmer 60 with a video
output connection to which a non-integral monitor can be
connected.

[0044] Medical device programmer 60 further includes a
user input device coupled to the electronic circuitry. In one
embodiment, the user input device is the graphics display
screen 102, which is provided with touch-sensitive capabil-
ity, such that a user can interact with the programmer
electronic circuitry by touching the display area on the
graphics display screen 102 with a finger (not shown) or a
stylus 104. In one embodiment, the touch-sensitive graphics
display screen is primary input for the medical device
programmer 60. The medical device programmer 60 further
includes a programming head 106, which is place over a
patient’s body near the implant site of an implanted device,
such as CRM device 20, in order to establish a communi-
cation link between CRM device 20 and programmer 60.
The telemetry link between CRM device 20 and program-
mer 60 allows the electronic circuitry of programmer 60 to
be coupled to the electronic control circuitry of the CRM
device 20. The programming head 106 is coupled to the
electronic circuitry of medical device programmer 60 and a
receiver circuit for receiving signals from the transmitter
circuit indicative of cardiac signals by a cable 108. In one
embodiment, a communication system 70 is intermediate
programmer 60 and CRM device 20, for example the
telephone system or a computer network such as a LAN,
WAN, or global computer network (e.g. internet). Conse-
quently, the programmer 60 remotely monitors and receives
data from the CRM device 20.

[0045] In one embodiment of the invention, the stylus 104
used to interact with the touch-sensitive graphics display
screen 102 is coupled to the programmer electronic circuitry
within the housing 100 by a cable 110. In another embodi-
ment of the invention, only a touch sensitive screen 102 is
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provided which is activated by a user’s finger touching the
screen. Alternatively, medical device programmer 60 may be
equipped with a conventional computer “mouse”-type point-
ing device, rather than a stylus or a touch sensitive screen
which is actuatable by a user’s finger. In the absence of
either a stylus, touch-sensitive screen or a mouse, on-screen
cursor control for enabling user interaction with medical
device programmer 60 may be facilitated through cursor
control keys 112 (arrow keys or the like) disposed on
medical device programmer 60.

[0046] Medical device programmer 60 further includes a
receiver circuit for receiving signals from the transmitter
circuit indicative of cardiac signals. Through the communi-
cation link with CRM device 20, the medical device pro-
grammer 60 is capable of capturing and storing recorded
data transmitted from CRM device 20 and displaying the
data on its graphics display screen 102. Programmer 60
compiles data into numerous forms for display on graphics
display screen 102, such forms include charts and graphs,
for example those shown in FIGS. 5-11. The programmer 60
may also include other forms of display and output devices
such as printers and plotters. Moreover, programmer 60 can
store the downloaded data and build a database containing
the patient’s therapy and health data, which can be down-
loaded to known computer readable media for long term
storage.

[0047] Inone embodiment, programmer 60 downloads the
data it receives from CRM device 20 to a computer system
80 (FIG. 3) via a communication path. Computer system 80
includes memory for storing the downloaded data, a pro-
cessor and associated software for correlating the data, and
a display device for displaying the correlated data. Display
devices include display screens, monitors, printer, plotters,
etc. It will be understood that all the data correlating and data
display functions described herein as being performed by
programmer 60 are also performable by computer system
80, but for simplicity of explanation the following descrip-
tion refers to programmer 60.

[0048] While the above describes one embodiment of a
medical system in which the present invention can be
incorporated, it will be understood that the present invention
can be incorporated into numerous CRM devices and pro-
grammers. Therefore, it will be understood by those of skill
in the art that the present invention can be adapted for use
with other types of CRM devices, examples of such devices
are found in U.S. Pat. Nos. 6,112,117: 6.108,577; 6,091,990;
6,076,015, 6,067,471, 6,016,446; and 5,978,707, all
assigned to the present assignee, and all herein incorporated
in their entirety by reference. It will also be understood by
those of skill in the art that the present invention can be
adapted for use with other types of programmers.

[0049] FIG. 4 shows a flow chart representing one
embodiment of a process for producing and displaying two
distinct sets of data. The CRM device programmable param-
eters are stored in CRM memory 56 (410), for example by
the programmer 60 communicating the selected parameters
via a communication link. CRM device 20 provides therapy
to a patient and records various health data, for example
tachy episodes, brady episodes, maximum heart rate, mini-
mum heart rate, mean heart rates, heart rate variability,
patient activity, blood pressure, etc. (415). The CRM device
20 also records its system parameters at the time it makes
certain patient health measurements. In another embodiment
of CRM device 20, it stores other therapy data, such as drug
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therapy data, which is not delivered or measured by CRM
device 20. During a clinical visit by a physician, CRM
device 20 downloads recorded data to the programmer 60
(420). At this time programmer 60 may include previously
downloaded patient health data and CRM device parameters
from previous patient therapies and add the newly down-
loaded information to a patient record stored in a database.
The physician now selects two different sets of patient/CRM
device data to display, for example on graphics display 102
of programmer 60 (425). The programmer 60 correlates the
two different data sets (430). For example, if the two data
sets are patient activity and a CRM device parameter
change, then programmer 60 graphs patient activity before
and after the CRM device parameter change. The program-
mer 60 displays the correlated data sets. Thus, a physician
can readily visually comprehend the effect the data sets have
on each other or a change in patient health. In the above
example, the physician can visualize the effect the CRM
device parameter change had on patient activity.

[0050] FIG. 5 shows an embodiment of a graph produced
by programmer 60 and displayed on graphical display 102.
The FIG. 5 graph displays selected patient health data
represented on the Y-axis and time represented on the X-axis
with selected asynchronous data superimposed on the graph.
In an embodiment, the patient health data is periodically
collected over time. In another embodiment, the data is
continuous data. The selected patient health data for a time
period between time t, and time t, is graphically displayed
as shown in FIG. 5. At time t,, an event 510 in the patient’s
therapy occurs and is graphically displayed. Here, the event
is shown as a line but other representations are within the
scope of the invention. This event can include, but is not
limited to, changes in the CRM device parameters and
patient’s medications. In the area of the graph between time
t, and time t,, the selected patient health information is
displayed which represents the patient health data after event
510. As a result of graphing both the patient health data and
the event 510, the physician can quickly visualize the effect,
if any, event 510 had on the patient health data by comparing
the graphical display before the event (area between t, and
t,) with the graphical display after event (area betweent, and
t,). In an embodiment, the event 510 can be labeled such that
the physician will be informed upon viewing the display
what the event 510 is. Such a label can be a indicia adjacent
the line indicating event 510 or a legend outside the graph
such that the data in the graph is not obscured.

[0051] FIG. 5 further shows that the present invention can
include multiple events 510 and 520 on a single graph of the
selected patient health data versus time. As a result, the area
of the graph between time t, and time t, graphically displays
the patient health data after first event 510 and before second
event 520. The area of the graph after time t, graphically
displays the patient health data after second event 520. The
physician can now ascertain the effect the events 510 and
520 had on patient’s health which is represented by the
selected patient health data on the Y-axis. Events 510 and
520 can represent the same type of event, for example,
changes in accelerometer response factor, lower rate limit,
brady pacing parameters, etc. Events 510 and 520 can also
represent two different type of events such the graph shows
the effect on the patient health data of the first event 510 and
the effect on the patient health data of the different, second
event 520, such as a drug therapy change or a programmed
parameter change in CRM device 20.
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[0052] Specific examples of the graphs produced by the
described embodiment of the system will now be described
in conjunction with FIGS. 6-8. As discussed above, CRM
device 20 records therapy history and numerous patient
health data sets and downloads same to programmer 60. The
recorded therapy history includes the number of electrical
shocks administered by the CRM device to the patient’s
heart. The programmet, when instructed by the physician to
do so, for example by touching display screen 102 with
stylus 104, graphs the number of shocks delivered in discrete
time periods (t,, t,, 15, t,), for example in a day, week, etc.,
versus time, for example, week, month, etc. (FIG. 6). In the
displayed time period at time t,, the ventricular sensitivity of
CRM device 20 was changed. This change in ventricular
sensitivity is represented by a cross hatched vertical bar 610
whereas the number of shocks administered at the time
intervals are displayed in a different format, here non-
crosshatched vertical bars. Moreover, the bar 610 represents
that the change in ventricular sensitivity occurred during the
time period in which the data represented thereby was
recorded. Specifically, if bar 610 represents a weeks worth
of data, then the ventricular sensitivity change occurred
during that week. As a result, the FIG. 6 graph shows the
number of shocks administered by the CRM device over
time t, to time t, at a first ventricular sensitivity and the
number of shocks administered by the CRM device over
time t, to time t, at a second ventricular sensitivity with a
visual indicator showing when the change in ventricular
sensitivity occurred.

[0053] In another embodiment, different representations
of bar 60, for example different colors, hatching, etc.,
represent when the change in ventricular sensitivity
occurred. In one embodiment, vertical hatching of bar 610
represents changing ventricular sensitivity (second data)
after the number of shocks (first data) were recorded. In one
embodiment, horizontal hatching of bar 610 represents
changing ventricular sensitivity (second data) before the
number of shocks (first data) were recorded. Accordingly,
the physician can visualize the effect the change in ventricu-
lar sensitivity had on the number of shocks administered to
the patient’s heart. In the illustrated embodiment of FIG. 6,
the effect the change in ventricular sensitivity 610 had was
to reduce the number of shocks administered to zero. If
additional shocks occurred, then the data bars, in one
embodiment, occurring after time t, would also be cross
hatched so that the displayed data readily indicates data that
was recorded before and after a change in another data, here
ventricular sensitivity. In another embodiment, the first data
recorded before the event represented by the second data is
displayed in a first color and the first data recorded after the
event represented by the second data is shown in a second
color.

[0054] Therapy history as stored in memory 56 of CRM
device 20 and downloaded to programmer 60 further
includes patient activity data and which chambers of the
patient’s heart required pacing at specific times. Patient
activity data is a measurement of the percent of a fixed time
period, e.g. a day, at which a patient reaches an activity
threshold, e.g. time patient has a heart rate above a prede-
termined threshold value such as beats per minute threshold
value. The programmer, when instructed by a physician to
do so, displays a graph of the patient’s activity versus time
(FIG. 7). The physician has also instructed the programmer
60 to display the pacing chamber performance of CRM
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device 20. Here, the FIG. 7 graph shows the pacing chamber
to be both ventricles (BV), right ventricle (RV), or left
ventricle (LV). The physician can visualize the relationship
of the patient’s activity with the CRM device’s pacing
chamber activity.

[0055] FIG. 8 shows a graph produced by programmer 60
which also displays patient activity versus time but unlike
FIG. 7 the second data type displayed is when a change in
accelerometer response factor occurred. The change in
accelerometer response factor is indicated at 810 in FIG. 8
by a vertical bar. Accordingly, the physician can visualize
the effect changing the accelerometer response factor had on
the patient activity as measured by CRM device 20 by
comparing the area of the graph to the left of bar 810 with
the area of the graph to the right of bar 810.

[0056] FIGS. 9-11 show displays of various types of data
associated with a patient and the CRM device. The displays
are produced by programmer 60, for example on screen 102,
or by a display device that interacts with the programmer 60.
[0057] FIG. 9 shows two graphs 910, 920 of the same type
of data, namely, heart rate variability, but the data shown on
the graphs was recorded under distinct conditions, namely,
two different periods of time. The conditions 915, 925 at
which each set of heart rate variability data was recorded is
displayed adjacent each graph. This type of dual graph
visually informs the physician of changes in the same type
of data and the change in the conditions at which such data
was recorded. Conditions at which the data was recorded
include a set of parameters that are related to the data
displayed in graphs 910, 920.

[0058] In the illustrated FIG. 9 embodiment, the top
display is the last measured heart rate variability graph 910
and condition data 915, both recorded on a certain date and
the lower display is a reference heart rate variability graph
920 and condition data 925, both recorded on a previous
date. Each condition data display 915, 925 includes a title,
here “last measured” and “reference” respectively, the date
and time of data measurement, and data representing mea-
sured data and programmed parameters. The illustrated
embodiment shows data that includes measured and/or cal-
culated data such as the footprint of the accompanying graph
(a measure of the non-white space in the graph), which is the
percent of time heart rate variability data was gathered
during the recording period, and SDANN (standard devia-
tion of the means of all the successive 5 minutes segments
contained in a whole recording). The illustrated embodiment
shows data that includes programmed parameters such as
pacemaker mode, the lower rate limit, the maximum track-
ing rate, the atrioventricular delay, and the pacing chamber.
The physician can visually recognize differences in the
patient’s heart rate variability and the changes in conditions
at which the heart rate variability was acquired based on the
simultaneous display of the two heart rate variability graphs
910, 920 along with the associated data 915, 925 for each
graph. This allows the physician to accurately interpret the
displayed data in context with associated data and/or pro-
grammed parameters.

[0059] FIG. 10 shows graphs 1010, 1020, 1030 of trend
data for three different measured data sets, namely heart rate,
footprint, and SDANN. Trend data is the value of a select
measurement over a period of time. In the illustrated
embodiment the each graph 1010, 1020, 1030 includes two
sub-graphs. The first sub-graph displays the data in weekly
increments. The second sub-graph displays the data accord-
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ing to the day of the week it was measured. The three
displays and sub-graphs share the same X-axis time line and
are simultaneously displayed so that a physician can easily
see correlations, if any, between the displayed trend graphs.
This allows the physician to accurately interpret the dis-
played, measured data in context with other displayed,
measured data and helps provide a more accurate diagnosis.

[0060] FIG. 11 shows a further graph 1100 having the
same sub-graph layout and X-axis time line as in FIG. 10.
Graph 1100 displays the percent of time that a patient is
active, sometimes measured by the CRM device 20 as the
time when the patient’s activity, as determined by cardiac
data, is above a certain threshold value. Graph 1100 simul-
taneously displays two interpretations of the activity mea-
surements. The first sub-graph, shown on the left in FIG. 11,
displays activity data over the course of a year in weekly
increments. The second sub-graph, shown on the right in
FIG. 11 shows the activity data as a function of the day of
the week it was measured. Thus, the physician can visually
determine the patient’s activity level and provide a diagnosis
based on display 1100.

[0061] It will be recognized that it is within the scope of
the present invention to select the data and/or parameters
simultaneously displayed so that the display will be of most
use to a physician when interpreting the displayed data. For
example, the activity data display 1100 could be selected to
display with the heart rate trend display 1010. Such a
selection of data displays provides the physician with a tool
which assists in quick and accurate interpretation of the data
measured by CRM device 20 and parameters programmed
into CRM device 20. Thus, the display of data and/or
parameters according to the present invention includes
simultaneously displaying measured data with other mea-
sured data and events, measured data with programmable
parameters, and programmable parameters with other pro-
grammable parameters. Moreover, the measured data
includes both synchronous data, periodic data, and asyn-
chronous data. It will be appreciated that various combina-
tions of data types and parameters can be simultaneously
displayed.

[0062] While many of the embodiments described herein
and shown in the drawings display data in a specific format,
it will be understood that other formats are within the scope
of the present invention. Such other formats include chang-
ing the display color, if a color display is available, or
changing the grey-scale, if only a monochrome display is
available, for first data before and after an event or in the
presence of second data correlated to the first data. Other
formats further include different cross-hatching and different
line types. Nevertheless, each of the data formats provides
the viewer with visual indication of a change in data or a
change in the environment in which the data was recorded.

[0063] Although the invention has been described in con-
junction with the foregoing specific embodiments, many
alternatives, variations, and modifications will be apparent
to those of ordinary skill in the art. Such alternatives,
variations, and modifications are intended to fall within the
scope of the following appended claims. For example, the
CRM system controls a large number of programmable
parameters of the CRM device and stores a large number of
CRM device performance data sets and sensed patient health
data. It will be understood that the above described embodi-
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ments are examples and numerous correlations of data, data
and parameter, etc. are within the scope of the present
invention.

1. (canceled)
2. A medical system, comprising:
an external medical device, including a signal sensing
circuit coupled to one or more physiologic sensors, the
signal sensing circuit configured to sense one or more
physiologic signals indicative of a health condition of
a patient;

a receiver circuit configured to receive, from a unit
external to the external medical device, therapy data for
a therapy delivered to the patient by a device other than
the external medical device, the therapy data including
a therapy type or a parameter of the delivered therapy;

a memory circuit in communication with the signal sens-
ing circuit and the receiver module, the memory circuit
configured to store a plurality of data sets including at
least a first data set distinct from a second data set, the
first and second data sets each including one of the
therapy data or the one or more physiologic signals;

a processor connected to the memory circuit, the proces-

sor adapted to correlate the first data set and the second
data set; and
an output unit coupled to the processor, the output unit
configured to receive the correlated first and second
data sets from the processor, and to simultaneously
display the first and second data sets over a specified
period on the output unit.
3. The system of claim 2, wherein the external medical
device is configured to monitor cardiac function of the
patient.
4. The system of claim 3, wherein the external medical
device comprises external cardiac electrodes.
5. The system of claim 2, wherein the signal sensing
circuit is configured to sense electrical activity from at least
one of a ventricle or an atrium of a heart.
6. The system of claim 2, wherein the signal sensing
circuit is coupled to an accelerometer configured to sense an
activity level of the patient.
7. The system of claim 2, wherein the receiver circuit is
configured to receive therapy data associated with an appli-
cation of a drug therapy.
8. The system of claim 2, wherein the receiver circuit is
configured to receive therapy data associated with an appli-
cation of electrical therapy delivered by a device other than
the external medical device.
9. The system of claim 2, wherein the receiver circuit is
configured to receive therapy parameters associated with
delivery of the therapy.
10. The system of claim 2, comprising a transmitter circuit
operable over a communication network, wherein:
the transmitter is configured to transmit at least the first
and second data sets over the communication network;

the processor is adapted to receive over the communica-
tion network and to correlate the first and second data
sets; and

the communication network includes at least one of a

telephone network, a computer network, or an internet.

11. The system of claim 2, wherein the memory circuit is
further configured to store at least one of a change in therapy,
a change in context, a medical event and another physi-
ological parameter.
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12. The system of claim 2, wherein the processor is
adapted to correlate the sensed physiologic signal and the
received therapy data.
13. The system of claim 12, wherein the output unit is
configured to display a visual indicator indicating an effect
of the therapy on the sensed physiologic signal.
14. A medical system, comprising:
an external medical device, including a signal sensing
circuit coupled to one or more physiologic sensors, the
signal sensing circuit configured to sense one or more
physiologic signals indicative of a health condition of
a patient, wherein the external medical device com-
prises external cardiac electrodes;
a receiver circuit configured to receive, from a unit
external to the external medical device, therapy data for
a therapy delivered to the patient by a device other than
the external medical device, the therapy data including
a therapy type or a parameter of the delivered therapy;

a memory circuit in communication with the signal sens-
ing circuit and the receiver circuit, the memory circuit
configured to store a plurality of data sets including at
least a first data set distinct from a second data set, the
first and second data sets each including one of the
therapy data or the one or more physiologic signals;
and

an external data processor and monitor system configured

to communicate with the external medical device, the

external data processor and monitor system including:

a processor adapted to receive the first and second data
sets from the external medical device, and to corre-
late the first and second data sets; and

an output unit coupled to the processor, the output unit
configured to receive the correlated first and second
data sets from the processor, and to simultaneously
display the first and second data sets over a specified
period on the output unit.

15. A method for operating a medical system for moni-
toring a health condition of a patient, the method compris-
ing:

sensing one or more physiologic signals from the patient

using an external medical device;

receiving, from a unit external to the external medical

device, therapy data for a therapy delivered to the
patient by a device other than the external medical
device, the therapy data including a therapy type or a
parameter of the delivered therapy;

storing in a memory circuit a plurality of data sets

including at least a first data set distinct from a second
data set;

correlating the first data set to the second data set;

transmitting the correlated first and second data sets to an

output unit; and

displaying at least the correlated first and second data sets.

16. The method of claim 15, wherein sensing the one or
more physiologic signals includes sensing electrical activity
from at least one of a ventricle or an atrium of a heart.

17. The method of claim 15, wherein sensing the one or
more physiologic signals includes sensing an activity level
of the patient.

18. The method of claim 15, wherein receiving the
therapy data includes receiving therapy parameters associ-
ated with one of a drug therapy or an electrical therapy.

19. The method of claim 15, wherein transmitting the
correlated first and second data sets includes transmitting the



US 2017/0100074 A1

data sets over at least one of a telephone network, a
computer network, or an internet.

20. The method of claim 15, wherein displaying the
correlated first and second data sets includes: displaying the
sensed physiologic signal, including displaying parameters
used for sensing the physiologic signal; and displaying the
received therapy data, including displaying therapy param-
eters associated with delivery of the therapy.

21. The method of claim 15, wherein displaying the
correlated first and second data sets includes displaying a
visual indicator indicating a change in the first data set
occurring after an event occurring in the second data.
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