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(57) Abstract: A cardiac rthythm management system transmits event markers from an implantable device to a remote user interface
such as an external programmer. The event markers include timestamp information. A printed/displayed event marker representation
is aligned to a printed/displayed heart signal representation based at least in part on the timestamp information. Proper alignment of
the printed/displayed heart signal representation to the printed/displayed event marker, and proper alignment of the printed/displayed
event markers with respect to each other, provides more accurate diagnostic information to the caregiver. This assists the caregiver
in using the cardiac rhythm management system to provide a patient with proper cardiac rhythm management therapy.
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SYSTEM AND METHOD FOR EVENT MARKER ALIGNMENT
Technical Field

The present system relates generally to event marker alignment by
inclusion of event marker transmission latency in the real-time data stream, and
particularly, but not by way of limitation, to the same for use in a cardiac rthythm
management system.

Background

When functioning properly, the human heart maintains its own intrinsic
rhythm, and is capable of pumping adequate blood throughout the body’s
circulatory system. However, some people have irregular cardiac rhythms,
referred to as cardiac arrhythmias. Such arrhythmias result in diminished blood
circulation. One mode of treating cardiac arrhythmias uses drug therapy. Anti-
arrhythmic drugs are often effective at restoring normal heart rhythms.
However, drug therapy is not always effective for treating arrhythmias of certain
patients. For such patients, an alternative mode of treatment is needed. One
such alternative mode of treatment includes the use of a cardiac rhythm
management system. Portions of such systems are often implanted in the patient
and deliver therapy to the heart.

Cardiac rhythm management systems include, among other things,
pacemakers, also referred to as pacers. Pacers deliver timed sequences of low
energy electrical stimuli, called pace pulses, to the heart, such as via an
intravascular leadwire or catheter (referred to as a “lead”) having one or more
electrodes disposed in or about the heart. Heart contractions are initiated in
response to such pace pulses (this is referred to as “capturing” the heart). By
properly timing the delivery of pace pulses, the heart can be induced to contract
in proper rhythm, greatly improving its efficiency as a pump. Pacers are often
used to treat patients with bradyarrhythmias, that is, hearts that beat too slowly,
or irregularly.

Cardiac rhythm management systems also include cardioverters or
defibrillators that are capable of delivering higher energy electrical stimuli to the
heart. Defibrillators are often used to treat patients with tachyarrhythmias, that
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is, hearts that beat too quickly. Such too-fast heart rhythms also cause
diminished blood circulation because the heart isn’t allowed sufficient time to
fill with blood before contracting to expel the blood. Such pumping by the heart
is inefficient. A defibrillator is capable of delivering an high energy electrical
stimulus that is sometimes referred to as a defibrillation countershock. The
countershock interrupts the tachyarrhythmia, allowing the heart to reestablish a
normal rhythm for the efficient pumping of blood. In addition to pacers, cardiac
rhythm management systems also include, among other things,
pacer/defibrillators that combine the functions of pacers and defibrillators, drug
delivery devices, and any other implantable or external systems or devices for
diagnosing or treating cardiac arrhythmias.

One problem faced by cardiac rhythm management sYstems isin
providing diagnostic data to the physician or other caregiver to assist in
determining the efficacy of therapy being delivered by an implanted cardiac
rhythm management device. Such diagnostic data is typically displayed on the
screen display and/or recorded on a strip chart recording, each of which is
provided by a user interface portion of the cardiac rhythm management system,
such as a programmer. The programmer is external to the patient and therefore
is remote from the implanted cardiac rhythm management device.

Displayed diagnostic data may include, among other things, one or more
representations of intrinsic electrical signals produced by the heart, which are
referred to as “cardiac signals” or “heart signals.” Such cardiac signals include,
among other things, electrical depolarizations associated with heart chamber
contractions and electrical repolarizations associated with heart chamber
expansions. Decisions regarding the delivery and/or withholding of cardiac
rhythm management therapy are often based at least in part on information
included within such cardiac signals. Moreover, cardiac signals may include
information indicating the efficacy of therapy that has already been delivered.
The cardiac signals obtained by the programmer may include both surface
electrocardiogram (ECGQ) signals, obtained by external ECG skin electrodes
yielding ECG signals directly coupled to the programmer via a cable, and

electrograms, obtained by implanted electrodes yielding electrogram signals
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telemetered from the implanted device to the programmer in a real-time data
stream.

The real-time data stream from the implanted cardiac rhythm
management device to the external programmer may include other data that
provides useful diagnostic information to the caregiver. For example, event
markers may be displayed on the screen display and/or strip chart recording of
the programmer together with the surface ECG and/or electrogram signals. Such
event markers annotate the particular times at which certain events associated
with the implanted device occur. In one example, representations of such event
markers appear on the strip chart recording as upward pointing arrows to indicate
the time of occurrence of the marked event, along with a text annotation
identifying the type of marker and/or providing other useful information such as
the time between successive markers associated with the same chamber of the
heart. In this example, “AS” indicates that the associated event marker
corresponds to an atrial sense by the implanted device , “AP” indicates that the
associated event marker corresponds to an atrial pace by the implanted device.
Similarly, “VS” indicates that the associated event marker corresponds to a
ventricular sense by the implanted device, “VP” indicates that the associated
event marker corresponds to a ventricular pace by the implanted device. Many
other marker types exist and are identified by other text annotations. Markers
may include additional information. In one example, a corresponding numeral
indicates the time interval in milliseconds since the previous event marker in the
same chamber. All this information is useful to the caregiver in diagnosing
whether the implanted device is providing appropriate cardiac rhythm
management therapy.

Implanted cardiac rhythm management devices are designed for low
power consumption. This extends the useful life of the battery-powered
implanted device before explantation and replacement is required. As a result of
power or other limitations, implanted cardiac rhythm management devices
typically provide slow telemetry communication of data to the external
programmer. In one example, each “frame” of transmitted data includes signal

information from first and second (e.g, atrial and ventricular) electrograms as
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well as marker information from first and second heart chambers (e.g., atrial and
ventricular markers).
In this example, each event marker typically includes enough data so that
it takes several frames of data to completely transmit the information associated
5 with a single event marker. Thus, a time delay exists between the occurrence of
the event and the receipt of the event marker by the external programmer.
However, to be useful to the caregiver, the event markers must be displayed on
the screen and/or strip chart recording at the proper time relative to the
representations of surface ECG and electrogram signals that are being received
10 and displayed without such delay. The surface ECG and electrogram signals
may be buffered and delayed by a fixed delay, which is approximately equal to
the transmission time between occurrence of the event and reéeipt of the event
marker by the programmer. This allows the external programmer to “align” the
event markers in time to the surface ECG and electrogram signals being
15 displayed on the screen and/or strip chart recording. However, if different types
of markers are used, and these markers have different transmission times, then
buffering the cardiac signals by a fixed delay will not provide proper alignment
between the displayed representations of the event markers and cardiac signals,
particularly if events occur during the transmission time of a previous event
20 marker associated with the same heart chamber. Thus, there is a need for
improved techniques for accurately displaying such diagnostic information for
the caregiver.
Summary of the Invention
This document describes, among other things, portions of a cardiac
25 rhythm management system transmitting event markers from an implantable
device to a remote user interface, in which the event markers include timestamp
information upon which alignment of a printed/displayed event marker
representation to a printed/displayed heart signal representation is based at least
in part. Proper alignment of the printed/displayed heart signal representation to
30 the printed/displayed event marker, and proper alignment of the
printed/displayed event markers with respect to each other, provides more

accurate diagnostic information to the caregiver. This assists the caregiver in
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using the cardiac rhythm management system to provide a patient with proper
cardiac thythm management therapy.

In one embodiment, the present cardiac rhythm management system
includes an implantable cardiac rhythm management (CRM) device and a user

5 interface (UI), remote from the CRM device. The user interface is adapted to be
communicatively coupled to the CRM device for receiving an event marker
therefrom. The event marker includes a timestamp. Based at least in part on the
timestamp, the UI aligns an indication of the event marker to a representation of
a heart signal on one of a display or a recording.

10 This document also describes, among other things, a method. The
method includes observing the occurrence of an event associated with an
implantable cardiac rhythm management device. The event is timestamped with
a time that relates to the event’s time of occurrence. The event marker, which
includes the timestamp, is transmitted to a remote user interface. The event

15 marker is received at the remote user interface. A representation of the event
marker is aligned in time, based at least in part on the timestamp, to a
representation of a cardiac signal. The aligned event marker representation and
cardiac signal representation are displayed, recorded, or stored. These and other
aspects of the present system and methods will become apparent upon reading

20 the following detailed description and viewing the accompanying drawings that
form a part thereof.

In the drawings, like numerals describe substantially similar components
throughout the several views. Like numerals having different letter suffixes

25 represent different instances of substantially similar components.

Figure 1 is a schematic drawing illustrating generally one embodiment of
portions of a cardiac thythm management system and an environment in which it
is used.

Figure 2 is a schematic drawing illustrating generally one embodiment of

30 acardiac rhythm management device coupled by leads to a heart.

Figure 3 is a schematic diagram illustrating generally one embodiment of
portions of a cardiac thythm management device, which is coupled to a heart,

and certain aspects of the device.
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Figure 4 illustrates generally one embodiment of a portion of a real-time
data stream communicating diagnostic and/or other data from an implantable
cardiac rhythm management device.

Figure 5 is an example of a strip chart recording provided by a strip chart
recorder associated with a user interface (UI) such as an external programmer
that is included within the cardiac rhythm management system.

Figure 6 illustrates generally one scenario of detected and
printed/displayed electrograms and events, and underlying transmission times, in
which misalignment of a printed/displayed event marker results.

Figure 7 illustrates generally the scenario of Figure 6, in which
timestamp information relating to the time of occurrence of an event is used to
properly align the displayed or printed event marker so that no misalignment of
the displayed/printed event marker results.

Figure 8 illustrates generally one embodiment of a two byte express
marker that includes timestamp information relating to the time of occurrence of
an underlying event.

Detailed D ..

In the following detailed description, 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, and it is to be understood that the embodiments
may be combined, or that other embodiments may be utilized and that structural,
logical and electrical changes may be made without departing from the spirit and
scope of the present invention. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the present invention is
defined by the appended claims and their equivalents. In the drawings, like
numerals describe substantially similar components throughout the several
views. Like numerals having different letter suffixes represent different
instances of substantially similar components. In this document, “and/or” refers
to non-exclusive “or” (e.g., “A and/or B” includes each of “A but not B,” “B but

not A,” and “A and B”).
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The present methods and apparatus will be described in applications
involving implantable medical devices including, but not limited to, implantable
cardiac rhythm management systems such as pacemakers,
cardioverter/defibrillators, pacer/defibrillators, and biventricular or other multi-

5 site coordination devices. However, it is understood that the present methods
and apparatus may be employed in unimplanted devices, including, but not
limited to, external pacemakers, cardioverter/defibrillators, pacer/defibrillators,
biventricular or other multi-site coordination devices, monitors, programmers
and recorders.

10 General System Overview and Examples

This document describes, among other things, a cardiac rhythm
management system with event marker alignment by inclusion of event marker
transmission latency in the real-time data stream. Figure 1 is a schematic
drawing illustrating generally, by way of example, but not by way of limitation,

15 one embodiment of portions of a cardiac rhythm management system 100 and an
environment in which it is used. In Figure 1, system 100 includes an
implantable cardiac rhythm management device 105, also referred to as an
electronics unit, which is coupled by an intravascular endocardial lead 110, or
other lead, to a heart 115 of patient 120. System 100 also includes a user

20 interface (UI), remote from device 105, such as an external programmer 125
providing wireless communication with device 105 using a telemetry device 130.
Catheter lead 110 includes a proximal end 135, which is coupled to device 105,
and a distal end 140, which is coupled to one or more portions of heart 115.
Programmer 125 includes a screen display 145 and a printer such as strip chart

25 recorder 150. System 100 may also include one or more surface
electrocardiogram (ECG) skin electrodes, which are placed on the skin of patient
120 for receiving cardiac signals, and an associated cable for directly coupling
the skin electrodes to programmer 125.

Figure 2 is a schematic drawing illustrating generally, by way of

30 example, but not by way of limitation, one embodiment of device 105 coupled
by leads 110A-B to heart 115, which inéludes aright atrium 200A, a left atrium
200B, a right ventricle 205A, a left ventricle 205B, and a coronary sinus 220
extending from right atrium 200A. In this embodiment, atrial lead 110A

7
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includes electrodes (electrical contacts) disposed in, around, or near an atrium

200 of heart 115, such as ring electrode 225 and tip electrode 230, for sensing

signals and/or delivering pacing therapy to the atrium 200. Lead 110A

optionally also includes additional electrodes, such as for delivering atrial and/or
5 ventricular cardioversion/defibrillation and/or pacing therapy to heart 115.

In Figure 2, a ventricular lead 110B includes one or more electrodes,
such as tip electrode 235 and ring electrode 240, for delivering sensing signals
and/or delivering pacing therapy. Lead 110B optionally also includes additional
electrodes, such as for delivering atrial and/or ventricular

10 cardioversion/defibrillation and/or pacing therapy to heart 115. Device 105
includes components that are enclosed in a hermetically-sealed can 250.
Additional electrodes may be located on the can 250, or on an insulating header
255, or on other portions of device 105, for providing unipolar pacing and/or
defibrillation energy in conjunction with the electrodes disposed on or around

15 heart 115. Other forms of electrodes include meshes and patches which may be
applied to portions of heart 115 or which may be implanted in other areas of the
body to help “steer” electrical currents produced by device 105. In one
embodiment, one of atrial lead 110A or ventricular lead 110B is omitted, i.e., a
“single chamber” device is provided, rather than the dual chamber device

20 illustrated in Figure 2. In another embodiment, additional leads are provided for
coupling device 105 to other heart chambers and/or other locations in the same
heart chamber as one or more of leads 110A-B. The present method and
apparatus will work in a variety of configurations and with a variety of electrical
contacts or “electrodes.”

25 Example Cardiac Rhythm Management Device

Figure 3 is a schematic diagram illustrating generally, by way of
example, but not by way of limitation, one embodiment of portions of device
105, which is coupled to heart 115. Device 105 includes a power source 300, an
atrial sensing circuit 305, an atrial therapy circuit 310, a ventricular sensing

30 circuit 315, a ventricular therapy circuit 320, and a controller 325.

Atrial sensing circuit 305 is coupled by atrial lead 110A to heart 115 for

receiving, sensing, and/or detecting electrical atrial heart signals. Such atrial

heart signals include atrial activations (also referred to as atrial depolarizations or

8
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P-waves), which correspond to atrial contractions. Such atrial heart signals
include normal atrial rthythms, and abnormal atrial rhythms including atrial
tachyarrhythmias, such as atrial fibrillation, and other atrial activity. Atrial
sensing circuit 305 provides one or more signals to controller 325, via node/bus
327, based on the received atrial heart signals.

In one embodiment, atrial therapy circuit 310 provides atrial pacing
therapy, as appropriate, to electrodes located at or near one of the atria 200 of
heart 115 for obtaining resulting evoked atrial depolarizations. In a further
embodiment, atrial therapy circuit 310 also provides cardioversion/defibrillation
therapy, as appropriate, to electrodes located at or near one of the atria 200 of
heart 115, for terminating atrial fibrillation and/or other atrial tachyarrhythmias.

Ventricular sensing circuit 315 is coupled by ventricular lead 110B to
heart 115 for receiving, sensing, and/or detecting electrical ventricular heart
signals, such as ventricular activations (also referred to as ventricular
depolarizations or R-waves), which correspond to ventricular contractions. Such
ventricular heart signals include normal ventricular rhythms, and abnormal
ventricular rhythms, including ventricular tachyarrhythmias, such as ventricular
fibrillation, and other ventricular activity. Ventricular sensing circuit 315
provides one or more signals to controller 325, via node/bus 327, based on the
received ventricular heart signals.

In one embodiment, ventricular therapy circuit 320 provides ventricular
pacing therapy, as appropriate, to electrodes located at or near one of the
ventricles 205 of heart 115 for obtaining resulting evoked ventricular
depolarizations. In a further embodiment, ventricular therapy circuit 320 also
provides cardioversion/defibrillation therapy, as appropriate, to electrodes
located at or near one of the ventricles 205 of heart 115, for terminating
ventricular fibrillation and/or other ventricular tachyarrhythmias.

Controller 325 controls the delivery of therapy by atrial therapy circuit
and/or ventricular therapy circuit 320 and/or other circuits, based on heart
activity signals received from atrial sensing circuit 305 and ventricular sensing
circuit 315, as discussed below. Controller 325 includes various modules, which
are implemented either in hardware or as one or more sequences of steps carried

out on a microprocessor or other controller. Such modules are illustrated

9
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separately for conceptual clarity; it is understood that the various modules of
controller 325 need not be separately embodied, but may be combined and/or
otherwise implemented, such as in software/firmware. |

In general terms, sensing circuits 305 and 315 sense electrical signals
from heart tissue in contact with the catheter leads 110A-B to which these
sensing circuits 305 and 315 are coupled. Sensing circuits 305 and 315 and/or
controller 325 process these sensed signals. Based on these sensed signals,
controller 325 issues control signals to therapy circuits, such as ventricular
therapy circuit 320, if necessary, for the delivery of electrical energy (e.g.,
pacing and/or defibrillation pulses) to the appropriate electrodes of leads 110A-
B. Controller 325 may include a microprocessor or other controller for
execution of software and/or firmware instructions. The software of controller
325 may be modified (e.g., by remote external programmer 105) to provide
different parameters, modes, and/or functions for the implantable device 105 or
to adapt or improve performance of device 105.

In one further embodiment, one or more sensors, such as sensor 330, may
serve as inputs to controller 325 for adjusting the rate at which pacing or other
therapy is delivered to heart 115. One such sensor 330 includes an
accelerometer that provides an input to controller 325 indicating increases and
decreases in physical activity, for which controller 325 increases and decreases
pacing rate, respectively. Another such sensor includes an impedance
measurement, obtained from body electrodes, which provides an indication of
increases and decreases in the patient’s respiration, for example, for which
controller 325 increases and decreases pacing rate, respectively. Any other
sensor 330 providing an indicated pacing rate can be used. Device 105 also
includes a communication circuit 335 for communication with telemetry device
130 of programmer 125.

E leDi s O .

Figure 4 illustrates generally, by way of example, but not by way of
limitation, one embodiment of a portion of a real-time data stream
communicating diagnostic and/or other data from device 105 to programmer 125
according to one example communication protocol during a real-time telemetry

diagnostics mode. Programmer 125 processes and displays representations of

10
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such information on screen display 145, records representations of such
information on a printed strip chart provided by strip chart recorder 150, and/or
stores representations of such information in memory in programmer 125. In
one particular embodiment, the displayed and/or recorded diagnostic data also
includes an “ECG” representation of a cardiac signal obtained via one or more
surface ECG electrodes, “electrogram” representations of cardiac signals
obtained by implanted device 105, and representations of event markers that
denote the occurrence of particular events associated with implanted device 105.
Because the surface ECG signals are obtained directly from external skin
electrodes coupled to programmer 125 using a cable, the surface ECG signal data
is not telemetered from device 105 to programmer 125.

In Figure 4, programmer 125 provides synchronizatioh pulses (“sync
pulses”) 400 to device 105. Between successive synchronization pulses 400,
device 105 communicates a frame of data to programmer 125. In this example,
each data frame includes five bytes of data and is transmitted from device 105 to
programmer 125 in approximately 8.3 milliseconds. Each data frame is divided
into 6 data slots: (1) electrogram channel 0, (2) electrogram channel 1, (3) atrial
event markers, (4) ventricular event markers, (5) electrogram channel 0 again,
and (6) electrogram channel 1 again. Two different channels of electrogram data
(channel 0 and channel 1) are transmitted from device 105 to programmer 125.
In one example, these two channels are selected from any two of: (1) an atrial
electrogram, (2) a ventricular electrogram, and (3) a shock lead electrogram. In
this example, data associated with atrial event markers is transmitted at a rate of
4 bits per data frame. Similarly, data associated with ventricular event markers
is also transmitted at this rate. Byte 3 includes both atrial and ventricular marker
data. In this example, separate slots are available for atrial and ventricular event
markers in each data frame.

Figure 5 is an example of a strip chart recording provided by strip chart
recorder 150. Based at least in part on data telemetered from implanted device
105 to external programmer 125, the strip chart recording provides real-time
electrograms of cardiac signals associated with one or more implanted or surface

electrode sites. In the embodiment illustrated in Figure 5, the strip chart includes

11
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cardiac signals from a surface ECG 500, an atrial electrogram 505, and a
ventricular electrogram 510.

The strip chart of Figure 5 also includes representations atrial and
ventricular event markers 515A-Z, indicated by upwardly pointing arrows
annotating the time associated with the event marker. These arrows indicate the
occurrence of a pace, delivered by atrial therapy circuit 310 or ventricular
therapy circuit 320, or of a sensed cardiac depolarization, detected by atrial
sensing circuit 305 or ventricular sensing circuit 315. Below corresponding
event markers, the strip chart includes text describing information related to the
particular event marker. “AS” indicates that the associated event marker
corresponds to an atrial sense, “AP” indicates that the associated event marker
corresponds to an atrial pace. Similarly, “VS” indicates that the associated event
marker corresponds to a ventricular sense, “VP” indicates that the associated
event marker corresponds to a ventricular pace. A corresponding numeral
indicates the time interval in milliseconds since the previous event marker in the
same chamber. Although Figure 5 is an example of a strip chart recording
provided by strip chart recorder 150, it is understood that similar information is
also displayed on screen display 145. It is also understood that many other types
of event markers exist, indicating to the caregiver the presence of any event
associated with implanted device 105. Such events may be entirely internal to
implanted device 105, or may be associated with the sensing of heart signals or
the delivery of pacing, defibrillation, and/or other therapy to the patient 120.
Other marker types are identified by other text annotations. For normal markers,
a corresponding numeral indicates the time interval in milliseconds since the
previous event marker in the same chamber, as illustrated in Figure 5. All this
information is useful to the caregiver in diagnosing whether the implanted device
is providing appropriate cardiac thythm management therapy.

Each event marker typically includes enough data so that it takes several
data frames for device 105 to completely transmit the information associated
with a single event marker 515. In one example, a normal ventricular marker
includes 8 bytes of information, while only 4 bits of ventricular event marker
information can be transmitted per data frame, as illustrated in Figure 4. In

another example, a normal atrial marker includes 7 bytes of information, while

12
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only 4 bits of atrial event marker information can be transmitted per data frame,
as illustrated in Figure 4. All the information in the normal event markers need
not be displayed by screen display 145 or strip chart recorder 150. Some
transmitted information may be used by programmer 125 for other purposes.

Because a normal event marker 515 takes longer than one frame to
transmit, a transmission time delay exists between the occurrence of the event at
device 105 and the receipt of the event marker 515 by programmer 125.
However, to be useful to the caregiver, the event markers 515 must be displayed
by screen display 145 and/or strip chart recorder 150 at the proper time relative
to the surface ECG signal 500, atrial electrogram signal 505, and ventricular
electrogram signal 5185 that are also being displayed. Consequently, the surface
ECG signal 500 and electrogram signals 505 and 510 may be buffered and
delayed by a fixed delay.

In one example, the fixed delay with which these heart signals are
buffered is approximately equal to the longest transmission time delay between
occurrence of the event at device 105 and receipt of the event marker by the
programmer 125. For example, if the ventricular event marker includes the most
information (e.g., 8 bytes), then it takes the most frames (e.g., 16 frames) to
transmit, resulting in the longest transmission time (e.g., 133 milliseconds). In
this example, surface ECG signal 500 and electrogram signals 505 and 510 are
buffered by a fixed delay of approximately 133 milliseconds. Event markers
having a shorter transmission time than the fixed delay are received by
programmer 125 and delayed by the difference between the transmission time of
that shorter event marker and the fixed delay. This allows programmer 125 to
“align” the event markers 515 in time relative to the surface ECG signal 500 and
the electrogram signals 505 and 510 being displayed by screen display 145
and/or strip chart recorder 150.

Because of the large amount of information included in normal event
markers 515, multiple events can occur in the same heart chamber during the
transmission time of such normal event marker 515. If same chamber events are
occurring faster than event markers 515 are being transmitted to programmer
125, then misalignment will occur even though the surface ECG signal 500 and
electrograms 505 and 510 are being delayed by the fixed delay. This is because

13
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multiple same chamber events are occurring during the fixed delay, which
corresponds only to the transmission time of a single event marker 515.
Moreover, if events are occurring fast enough, it is possible that receipt of the
event markers 515 continues to fall further behind so that the misalignment

5 increases over time.

Because such erroneous diagnostic information may be more confusing,
rather than helpful, to the caregiver as a result of these limitations on telemetry
data communication, it may be desirable to use an abbreviated marker (also
referred to as an “express marker”). An express marker includes less

10 information than the “normal” or “full” marker, allowing it to be transmitted
faster, i.e., with a shorter transmission time. In one example, the express marker
omits the information regarding the exact time interval in milliseconds between
event markers in the same heart chamber and also omits other information. In
this example, the express marker includes only 2 bytes of data, needing only 4

15  data frames, or approximately 33 milliseconds to transmit, as compared with 133
milliseconds for a full ventricular marker and 117 milliseconds for a full atrial
marker.

In one embodiment, device 105 automatically begins transmitting such
express markers when multiple same-chamber events during the transmission of

20 a full marker. Device 105 automatically resumes transmission of full markers
when events begin to occur after a longer time than the transmission time of the
last express fnarker.

Use of different types of markers (e.g., full and express) with different
transmission times (e.g., long and short) can improve data throughput, but by

25 itself it may still result in problems in aligning the event markers 515 to the
surface ECG signal 500 and electrogram signals 505 and 510. For example, the
surface ECG signal 500 and electrogram signals 505 and 510 are typically
delayed by a fixed delay that is equal to transmission time of a full ventricular
marker (or other marker having the longest transmission time). As a result, a

30 transmitted full ventricular marker will be properly alignéd. A ventricular event
occurring during transmission of this full ventricular marker, however, will be
misaligned because transmission of the resulting express marker cannot begin

until transmission of the previous full marker is completed.
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Figure 6 illustrates generally, by way of example, but not by way of
limitation, one scenario in which misalignment results. Figure 6 illustrates the
atrial electrogram signal 600 and ventricular electrogram signal 605 detected by
device 105. Figure 6 also illustrates the printed/displayed representations atrial
electrogram signal 610 and ventricular electrogram signal 615, each of which are
buffered and delayed from the corresponding detected electrogram signals by
approximately 133 milliseconds in this example. The surface ECG signal is
omitted from Figure 6 for clarity, however, the printed/displayed surface ECG
signal would also be delayed from the detected ECG signal by 133 milliseconds
in this example so that the printed/displayed ECG signal would be aligned to the
printed/displayed electrogram signals 610 and 615.

In the scenario of Figure 6, an atrial sense is detected at device 105 at
time t=0 ms, triggering transmission of a full atrial marker, which in this
example takes 117 ms to transmit. At t=60 ms, another atrial sense is detected at
device 105, which triggers transmission of an express atrial marker (denoted in
Figure 6 as [AS] to indicate it is an express marker) because it is detected during
transmission of the previous full atrial marker. In this example, the express atrial
marker requires only 33 ms to transmit, but its transmission cannot begin until

transmission of the previous full atrial marker is complete at t=117 ms. At time

t=100 ms, a ventricular sense is detected at device 105, triggering transmission

of a full ventricular marker, which in this example takes 133 ms to transmit.
Transmission of the full ventricular marker begins substantially immediately
upon its detection, however, because separate data slots are available for atrial
and ventricular markers, as illustrated in Figure 4. In this embodiment, only if a
ventricular sense is detected during the transmission of the previous ventricular
marker will transmission of an express ventricular marker be triggered; detection
of a ventricular sense during transmission of an atrial event marker does not
result in switching the ventricular marker from full to express in this
embodiment.

In Figure 6, transmission of the full atrial marker begins at t=0 and ends
at t=117 ms. Because this is shorter than the amount by which the electrograms
515 and surface ECG signal 500 are delayed (e.g., 133 ms fixed delay in this

example, which corresponds to the transmission time of the longest marker, in
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this case a full ventricular marker), printing of the full atrial marker is delayed by
the difference between the transmission time of the full atrial marker (e.g., 117
ms) and the fixed delay of the buffered heart signals (e.g., 133 ms). Thus,
printing of the full atrial marker is delayed by another 16 ms after its
transmission is completed at t=117 ms so that the full atrial marker is printed at
t=133 ms. Because the transmission time of the full ventricular marker is equal
to the fixed delay of the heart signals (e.g., 133 ms), no further delay is needed;
the full ventricular marker is printed upon completion of its transmission at
t=233 ms. Transmission of the express atrial marker begins upon completion of
transmission of the previous full atrial marker at t=117 ms. Transmission of the
express atrial marker takes approximately 33 ms and is completed at t=150 ms.
Because the express atrial marker transmission time is shorter than fixed delay of
the buffered heart signals of 133 ms, printing of the express atrial marker is
delayed by the difference between the transmission time of the express atrial
marker (e.g., 33 ms) and the fixed delay of the buffered heart signals (e.g., 133
ms). Thus, printing of the express atrial marker is delayed by another 100 ms
after its transmission is complete at t=150 ms, so that the express atrial marker is
printed at t=250 ms, in this example.

In this scenario, because the express second atrial marker is improperly
aligned and excessively delayed, it is displayed after the properly aligned marker
associated with the first ventricular event. This is particularly misleading to the
caregiver, because it suggests that the second atrial sense occurred after the first
ventricular sense. In reality, these events occurred in the opposite order, as
indicated by Figure 6. The caregiver may erroneously conclude that the second
atrial sense is not a true atrial sense, but instead represents far-field sensing of
the first ventricular event by the atrial electrode. To resolve this perceived
“problem” the caregiver may program the atrial sensing channel of the implanted
device to a reduced sensitivity, or may decide that the atrial lead should be
repositioned so that the atrial electrodes are located farther from the ventricular
chamber of the heart. Both actions would be unfortunate, however, because the
perceived problem does not exist; it is an artifact of limitations on the telemetry

data communication and marker alignment protocols.
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In order to resolve the problem illustrated in Figure 6, the present cardiac
rhythm management system 100 includes in the express marker data a timestamp
so that programmer 125 can align the express marker by delaying printing of the
express marker by a period of time that is based at least in part on the timestamp
information included in the express marker data. In one embodiment, by way of
example, but not by way of limitation, this timestamp relates to the time between
the event underlying the express marker event and the event underlying the
previous full marker. In Figure 6, the time difference between the express atrial
marker event and the full atrial marker event is timestamp = [(t=60 ms) - (t=0
ms)] = 60 ms. This timestamp information is encoded and transmitted from
device 105 to programmer 125 as part of the express marker.

In one embodiment, programmer 125 calculates the time remaining in
transmitting the full atrial marker after the express marker event. This time
difference is calculated as the atrial transmission time (e.g., 117 ms) less the
timestamp (e.g., 60 ms), yielding 57 ms in this example. The delay in
printing/displaying the express marker is decreased by this amount to properly
align the displayed/printed express marker with the displayed/printed heart
signals. As discussed above, the fixed portion of the express marker delay is the
fixed delay of the printed/displayed heart signals (e.g., 133 ms) less the
transmission time of the express marker (e.g., 33 ms), or 100 ms in this example.
The fixed portion of the express marker delay (e.g., 100 ms) is decreased by the
time remaining during full marker transmission after the express marker event is
detected (e.g., 57 ms), yielding 43 ms in this example. Thus, in this example,
printing/displaying the express marker is delayed for 43 ms after its transmission
is completed at t=150 ms, so that the express marker is printed at t=193 ms,
which is properly aligned to the corresponding printed atrial sensed event, as
illustrated in Figure 7.

Figure 8 illustrates generally, by way of example, but not by way of
limitation one embodiment of a two byte express marker that includes the
timestamp. In one embodiment, the two byte express marker is transmitted from
device 105 to programmer 125 over four data frames for a transmission time of
approximately 33 ms. In the example of Figure 8, the two bytes of the express

marker includes a 4 bit marker flag field, a 5 bit event code field, a 3 bit encoded
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timestamp field, and a 4 bit error checking and/or error correction field (“error
field”). The flag field includes information indicating that the data is a marker.
In one embodiment, the flag field also includes information indicating the type
of marker (e.g., express vs. full/normal). The event code field provides
information regarding the kind of event being marked. The above discussion
listed a few examples of different kinds of events (e.g., atrial sense, atrial pace,
ventricular sense, ventricular pace) that are marked by event markers. However,
it is understood that the occurrence of many other kinds of events may be
communicated using event markers for printing/display or other use by
programmer 125.

The timestamp field includes information relating to the time that the
express marker’s underlying event (“express marker event”) occurred. In one
embodiment, as described above, the timestamp represents the time between
occurrence of the express marker event and occurrence of the previous full
marker event for which a full marker is being transmitted. However, this is not
the only possible way of providing information relating to the time that the
express marker occurred. In an alternate embodiment, for example, the
timestamp represents the time between the occurrence of the express marker
event and the time at which transmission of the previous full marker is complete
(and the timestamp is processed accordingly by programmer 125). Thus, the
timestamp may include any convenient expression of information regarding the
time at which the event underlying the express marker occurred.

In one embodiment, the timestamp field is limited to 3 bits of
information to keep the express marker within two bytes. A longer express
marker would require longer transmission. Increasing the transmission time
increases the likelihood of multiple same chamber events occurring during the
transmission. In one example, the timestamp information is encoded into a 3 bit
count stored in the timestamp field. Each bit corresponds to approximately 20
ms. If one count value is reserved for representing zero delay, then the seven
remaining counts in the 3 bits can encode delays of up to approximately 140 ms
between the occurrence of the event underlying the express marker and the
occurrence of the event underlying the previous full marker. This is sufficient to

cover the full transmission time associated with a full ventricular marker (the
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longest full marker to transmit, in the above example). Any other convenient
coding arrangement may be used.

In the example illustrated in Figure 8, only 4 bits are available for error
checking and/or correction. In one embodiment, error checking is performed for
the 8 bits of time stamp and event code data (but not for the flag data) using an
8.4 Hamming code. This allows the 8 bits of time stamp and event code data to
be checked using only a 4 bit error checking value as illustrated in Figure 8.
Hamming codes are described in Andrew S. Tannenbaum, Computer Networks,
125-28 (Prentice-Hall 1981), which is incorporated herein by reference.

Conclusion

This document describes, among other things, portions of a cardiac
rhythm management system transmitting event markers from an implantable
device to a remote user interface, in which the event markers include timestamp
information upon which alignment of a printed/displayed event marker
representation to a printed/displayed heart signal representation is based at least
in part. Proper alignment of the printed/displayed heart signal representation to
the printed/displayed event marker, and proper alignment of the
printed/displayed event markers with respect to each other, provides more
accurate diagnostic information to the caregiver. This assists the caregiver in
using the cardiac rhythm management system to provide a patient with proper
cardiac rhythm management therapy.

Although examples of the invention are described above with respect to a
particular application in a cardiac thythm management system, the present
techniques could be applied in any other data communication application that
requires alignment of data because of delays in data transmission. Moreover,
although the above example particularly described aligning the printed/displayed
express markers to a printed/displayed heart signal based at least in part on
timestamp information included in the express marker, it is understood that the
present techniques also apply to aligning printed/displayed full/normal markers
to a printed/displayed heart signal based at least in part on timestamp
information included in the full/normal markers. As discussed above,
full/normal markers typically do include information about the time since the

previous event in the same chamber. Furthermore, event markers are not limited
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only to sensed and paced event markers, but relate to any kind of event or data
associated with the implanted device. Still further, the timestamp included in the
event marker includes any kind of information relating to the time of occurrence
of the event associated with the event marker, and includes times that describe
the relationship between the time of the event and the time of other events.

It is to be understood that the above description is intended to be
illustrative, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to the appended

claims, along with the full scope of equivalents to which such claims are entitled.
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WHAT IS CLAIMED IS:
1. A cardiac rhythm management system, including:

an implantable cardiac rhythm management (CRM) device; and

a user interface (UI), remote from the CRM device, the user interface
adapted to be communicatively coupled to the CRM device for receiving an
event marker therefrom, in which the event marker includes a timestamp and
based at least in part on the timestamp, the Ul aligns an indication of the event

marker to a representation of a heart signal on one of a display or a recording.

2. The system of claim 1, in which the heart signal is based on at least one
of an electrogram signal communicated from the CRM device and a surface

ECG signal.

3. The system of claim 1, in which the UI also aligns the indication of the
event marker to the representation of the electrogram signal based on a fixed

delay.

4, The system of claim 3, in which the event marker is one of a plurality of
types of event markers, in which at least one type of event marker has a different

transmission time from at least one other type of event marker.

5. The system of claim 4, in which the fixed delay is based on the longest

transmission time among all of the types of event markers.

6. The system of claim 1, in which the Ul is adapted to receive data from
the CRM device in frames, in which each data frame includes a plurality of data
slots including:

a first data slot associated with a first event marker associated with a first
electrode; and

a second data slot associated with a second event marker associated with

a second electrode different from the first electrode.
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7. The system of claim 6, in which at least one event marker requires more
than one data frame for transmission of the event marker from the CRM device

to the Ul

5 8. The system of claim 7, in which a first type of event marker includes an
express event marker including at least two bytes of data, and a second type of
event marker includes a full event marker including more bytes of data than the

express event marker.

10 9. The system of claim 8, in which the express event marker includes a

Hamming code error correction field.

10.  The system of claim 1, in which the timestamp relates at least in part to
an approximate time between the an event associated with the event marker and

15 another event associated with another event marker.

11.  The system of claim 1, in which the timestamp relates at least in part to
an approximate time between an event associated with the event marker and
another event associated with a previous event marker.

20
12.  The system of claim 1, in which the timestamp relates at least in part to
an approximate time between an event associated with the event marker and
another event associated with a previous event marker associated with the same
electrode.

25
13.  The system of claim 1, in which the timestamp relates at least in part to
an approximate time between an event associated with the event marker and
another event associated with a previous event marker associated with the same
heart chamber.

30
14.  The system of claim 1, in which the timestamp relates at least in part to

an approximate time between an event associated with the event marker and the
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transmission completion time associated with a previous event marker associated

with the same heart chamber.

15.  The system of claim 1, including an atrial lead, including at least one
atrial electrode;

a ventricular lead, including at least one ventricular electrode, where the
atrial lead and the ventricular lead are coupled to the implantable CRM device,
where the Ul includes a screen display and a strip chart recorder, and where the
Ul is adapted to be communicatively coupled to the CRM device for receiving
frames of data therefrom, each data frame including:

at least one first channel electrogram data slot;

at least one second channel electrogram data slbt;

an atrial event marker data slot, for transmitting a first atrial event
marker having a first transmission time and a second atrial event marker
having a second transmission time different from the first transmission
time, the second atrial event marker including a flag field, an event code
field, a timestamp field, and a Hamming-coded error correction field,;

a ventricular event marker data slot, for transmitting a first
ventricular event marker having a third transmission time and a second
ventricular event marker having a fourth transmission time different from
the third transmission time, the second atrial event marker including a
flag field, an event code field, a timestamp field, and a Hamming-coded
error correction field; and

in which the UI aligns, on one of the display or the recorder,
indications of the atrial and ventricular event markers to at least one of
(a) an electrogram representation or (b) a surface electrocardiogram
(ECG) representation, and in which the alignment of event markers is
based on the associated timestamps and a fixed delay corresponding to
the longest transmission time of the event markers, and in which at least
one event marker requires more than one data frame for transmission of
the event marker from the CRM device to the Ul , and in which the

timestamp field in the atrial and ventricular event markers relates to an
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approximate time between the event marker and a previous event marker

associated with the same heart chamber.

16.  The system of claim 15, further including at least one shock electrode,
and in which the first and second electrogram data slots provide electrogram
signal data associated with two electrodes selected from the group consisting of:

the atrial electrode, the ventricular electrode, and the shock electrode.

17. A method, including:

observing the occurrence of an event associated with an implantable
cardiac thythm management device;

timestamping the event with a time that relates to the event’s time of
occurrence;

transmitting an event marker, which includes the timestamp, to a remote
user interface;

receiving the event marker at the remote user interface;

aligning in time, based at least in part on the timestamp, a representation
of the event marker to a representation of a cardiac signal; and

displaying, recording, or storing the aligned event marker representation

and cardiac signal representation.

18.  The method of claim 17, in which the timestamping the event is carried

out relative to an occurrence of an earlier event.

19.  The method of claim 17, in which the timestamping the event is carried
out relative to a transmission completion time of a previous event marker being

transmitted at the event’s time of occurrence.

20.  The method of claim 17, in which the aligning in time is also based on a

fixed delay.

21.  The method of claim 20, in which the aligning in time is also based on a

fixed delay associated with a transmission time of an event marker.
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22,  The method of claim 21, in which the transmitting and receiving the
event marker includes transmitting and receiving a plurality of types of event
markers, at least one type of event marker having a transmission time that is

different from one other type of event marker.

23.  The method of claim 22, in which the aligning in time is also based on a
fixed delay associated with a longest transmission time of the different types of

event markers.

24.  The method of claim 17, in which the transmitting the event marker is

carried out over a plurality of data frames.

25.  The method of claim 17, in which transmitting the event marker includes
coding at least a portion of the event marker with a Hamming code error

checking field included in the event marker.

26.  The method of claim 17, including:

receiving first and second channel electrogram data associated with first
and second electrodes associated with the implantable cardiac rhythm
management device;

where observing the occurrence of the event includes observing the
occurrence of a first event associated with the first electrode;

where transmitting the event marker includes transmitting a first event
marker from the device based on the occurrence of the first event;

observing, during the transmitting of the first event marker, the
occurrence of a second event associated with the first electrode;

where timestamping the event includes timestamping a second event
marker with information relating to the time between the first and second events;

where receiving the event marker at the remote user interface includes
receiving the first event marker at a remote user interface (UI);

transmitting the event marker includes transmitting the second event
marker, which includes the timestamp, to the remote UI after completion of the

transmission of the first event marker;
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receiving the second event marker at the remote U,

aligning in time, based at least in part on the timestamp, a representation
of the second event marker to a representation of a cardiac signal; and

displaying, recording, or storing the aligned second event marker

5 representation and the cardiac signal representation.
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