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Description
FIELD OF THE INVENTION

[0001] This document generally relates to medical de-
vices and particularly to a system including a user inter-
face that simultaneously presents cardiac and neural sig-
nals.

BACKGROUND

[0002] The heartis the center of a person’s circulatory
system. The left portions of the heart draw oxygenated
blood from the lungs and pump it to the organs of the
body to provide the organs with their metabolic needs for
oxygen. The right portions of the heart draw deoxygen-
ated blood from the body organs and pump it to the lungs
where the blood gets oxygenated. These pumping func-
tions are accomplished by cyclic contractions of the my-
ocardium (heart muscles). In a normal heart, the sinoatri-
al node generates electrical impulses called action po-
tentials. The electrical impulses propagate through an
electrical conduction system to various regions of the
heart to excite the myocardial tissue of these regions.
Coordinated delays in the propagations of the action po-
tentials in a normal electrical conduction system cause
the various portions of the heart to contract in synchrony
to result in efficient pumping functions indicated by a nor-
mal hemodynamic performance. A blocked or otherwise
abnormal electrical conduction system and/or deteriorat-
ed myocardial tissue result in an impaired hemodynamic
performance, including a diminished blood supply to the
heart and the rest of the body.

[0003] The hemodynamic performance is modulated
by neural signals in portions of the autonomic nervous
system. For example, the myocardium is innervated with
sympathetic and parasympathetic nerves. Activities in
these nerves, including artificially applied electrical stim-
uli, modulate cardiac functions and hemodynamic per-
formance. Direct electrical stimulation of parasympathet-
icnerves can activate the baroreflex, inducing a reduction
of sympathetic nerve activity and reducing blood pres-
sure by decreasing vascular resistance. Sympathetic in-
hibition, as well as parasympathetic activation, has been
associated with reduced arrhythmia vulnerability follow-
ing amyocardial infarction, presumably by increasing col-
lateral perfusion of the acutely ischemic myocardium and
decreasing myocardial damage. Modulation of the sym-
pathetic and parasympathetic nervous system with neu-
ral stimulation has been shown to have positive clinical
benefits, such as protecting the myocardium from further
remodeling and predisposition to fatal arrhythmias fol-
lowing a myocardial infarction.

[0004] The effects of a neural stimulation therapy in
cardiac functions and hemodynamic performance are in-
dicated by cardiac signals indicative of the cardiac func-
tions and hemodynamic performance. Thus, to guide the
neural stimulation therapy, there is a need to provide a
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means for observing and analyzing the effects of neural
events including intrinsic neural activities and artificial
neural stimuli in the cardiac signals. Additionally, electri-
cal stimulation therapies delivered to the heart, such as
pacing and defibrillation therapies, have been developed
and applied to treat various cardiac disorders including
arrhythmias and heart failure and to control myocardial
remodeling. When combined cardiac and neural stimu-
lation therapies are applied, there is a need to provide a
means for observing and analyzing the effects of both
therapies in cardiac and/or neural signals.

[0005] EPO0770409A2 relates to an implantable atrial
defibrillator and to a system having multiple channel elec-
trogram telemetry. The defibrillator includes a cardiovert-
ing device responsive to at least one of a first and a sec-
ond sensing device for applying cardioverting electrical
energy to the heart, and a formatting device for formatting
the first and second electrogram data for combined trans-
mission. A transmitting device is used for transmitting the
formatted first and second electrogram data to a non-
implanlable external receiver for simultaneous display of
the first and second electrogram data. If atrial fibrillation
is detected by an atrial fibrillation detector, a charge de-
livery control causes the charge and storage capacitor
circuit to charge the storage capacitor to a preselected
peak voltage. When the capacitor is charged, the atrial
fibrillation detector determines if the atria of heart are still
in fibrillation. In doing 50, the atrial defibrillator will per-
form another eight second data acquisition.

[0006] EPO770409A2 does not disclose: a telemetry
circuit configured to receive data including neural event
markers indicative of neural stimulation periods; a pres-
entation controller adapted to produce neural signals in-
dicative of autonomic nerve traffic and indicative of neural
stimulation periods for visual presentation, and further
adapted to temporally align the neural signals with one
or more cardiac signals indicative of cardiac depolariza-
tions; and a presentation device adapted to simultane-
ously present the temporally aligned cardiac and neural
signals to allow for observation of relationships between
the cardiac and neural activities.

SUMMARY

[0007] Theinventionisdefinedinthe appended claims.
[0008] A presentation device such as a display screen
or a printer provides for simultaneous presentation of
temporally aligned cardiac and neural signals. At least
one cardiac signal in the form of a cardiac signal trace
or cardiac event

markers and at least one neural signal in the form of a
neural signal trace or neural event markers are simulta-
neously presented. The cardiac signal indicates sensed
cardiac electrical activities and/or cardiac stimulation
pulse deliveries. The neural signal indicates sensed neu-
ral electrical activities and/or neural stimulation pulse de-
liveries.

[0009] In one embodiment, a system communicating
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with one or more implantable medical devices includes
a telemetry circuit, an external control circuit, and a pres-
entation device. The telemetry circuit receives data rep-
resentative of cardiac and neural activities from the one
or more implantable medical devices. The external con-
trol circuit includes a presentation controller that produc-
es and temporally aligns one or more cardiac signals and
one or more neural signals for visual presentation based
on the received data. The presentation device simulta-
neously presents the temporally aligned one or more car-
diac signals and one or more neural signals.

[0010] In one embodiment, a medical device system
includes an implantable system and an external system.
The implantable system includes a cardiac sensing cir-
cuit, a cardiac stimulation circuit, a neural sensing circuit,
a neural stimulation circuit, an implant control circuit, and
an implant telemetry circuit. The cardiac sensing circuit
senses at least one cardiac signal indicative of cardiac
electrical activities. The cardiac stimulation circuit deliv-
ers cardiac stimulation pulses. The neural sensing circuit
senses atleast one neural signalindicative of neural elec-
trical activities. The neural stimulation circuit delivers
neural stimulation pulses. The implant control circuit pro-
duces data representative of the cardiac electrical activ-
ities, the delivered cardiac stimulation pulses, the neural
electrical activities, and the delivered neural stimulation
pulses. The implant telemetry circuit transmits the data.
The external system is communicatively coupled to the
implant system via telemetry and includes an external
telemetry circuit, an external control circuit, and a pres-
entation device. The external telemetry circuit receives
the data transmitted from the implant telemetry circuit.
The external control circuit includes a presentation con-
troller that produces and temporally aligns one or more
cardiac signals and one or more neural signals. The one
or more cardiac signals represent at least one of the car-
diac electrical activities and the delivered cardiac stimu-
lation pulses. The one or more neural signals represent
at least one of the neural electrical activities and the de-
livered neural stimulation pulses. The presentation de-
vice simultaneously presents the temporally aligned one
or more cardiac signals and one or more neural signals.
[0011] In one embodiment, a method for presenting
cardiac and neural activities is provided. Data represent-
ative of cardiac and neural activities are received from
one or more implantable medical devices. Cardiac and
neural signals are produced for presentation based in
the received data. The cardiac and neural signals are
temporally aligned. The temporally aligned cardiac and
neural signals are presented.

[0012] This Summary is an overview of some of the
teachings of the present application and not intended to
be an exclusive or exhaustive treatment of the present
subject matter. Further details about the present subject
matter are found in the detailed description and append-
ed claims. Other aspects of the invention will be apparent
to persons skilled in the art upon reading and understand-
ing the following detailed description and viewing the
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drawings that form a part thereof. The scope of the
present invention is defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the drawings, which are not necessarily
drawn to scale, like numerals describe similar compo-
nents throughout the several views. The drawings illus-
trate generally, by way of example, various embodiments
discussed in the present document.

FIG. 1is anillustration of an embodiment of a cardiac
and neural stimulation system including an implant-
able system and an external system and portions of
an environment in which the cardiac and neural stim-
ulation system is used.

FIG. 2 is a block diagram illustrating an embodiment
of a circuit of the implantable system.

FIG. 3 is a block diagram illustrating an embodiment
of a signal processing circuit of the cardiac and neu-
ral stimulation system.

FIG. 4 is a block diagram illustrating an embodiment
of a user interface of the cardiac and neural stimu-
lation system.

FIG. 5 is a flow chart illustrating an embodiment of
a method for simultaneously presenting cardiac and
neural signals.

FIGS. 6A-E are each an illustration of an exemplary
embodiment of a display window presenting at least
a cardiac signal trace and neural event markers.
FIGS. 7A-C are each an illustration of an exemplary
embodiment of a display window presenting at least
a neural signal trace and cardiac event markers.
FIG. 8 is an illustration of an exemplary embodiment
of a display window presenting at least a cardiac
signal trace and a neural signal trace.

FIG. 9is an illustration of an exemplary embodiment
of a display window presenting at least cardiac event
markers and neural event markers.

FIG. 10 is an illustration of an exemplary embodi-
ment of a display window presenting physiologic pa-
rameters in addition to the cardiac and neural sig-
nals.

FIGS. 11A and 11B are illustrations of neural mech-
anisms for peripheral vascular control.

FIGS. 12A-C are illustration of a heart.

FIG. 13 is an illustration of baroreceptors and affer-
ent nerves in the area of the carotid sinuses and
aortic arch.

FIG. 14 is an illustration of baroreceptors in and
around the pulmonary artery.

FIG. 15 is anillustration of baroreceptor fields in the
aortic arch, the ligamentum arteriosum and the trunk
of the pulmonary artery.

FIG. 16 is an illustration of an example of a neural
response after perturbing a physiologic system.
FIG. 17 is an illustration of a specific embodiment of
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the cardiac and neural stimulation system.

FIG. 18 is an illustration of another specific embod-
iment of the cardiac and neural stimulation system.
FIG. 19isablock diagramillustrating an embodiment
of a circuit of the cardiac and neural stimulation sys-
tem that provides for the simultaneous presentation
of cardiac and neural signals.

FIG. 20 is a block diagram illustrating a specific em-
bodiment of the external system.

DETAILED DESCRIPTION

[0014] 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 spe-
cific embodiments in which the invention may be prac-
ticed. These embodiments are described in sufficient de-
tail to enable those skilled in the art to practice the inven-
tion, and itis 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
provides examples, and the scope of the present inven-
tion is defined by the appended claims and their legal
equivalents.

[0015] Itshould be noted thatreferences to "an", "one",
or "various" embodiments in this disclosure are not nec-
essarily to the same embodiment, and such references
contemplate more than one embodiment.

[0016] This document discusses a cardiac and neural
stimulation system that includes a presentation device
such as a display screen or a printer for simultaneously
presenting cardiac and neural signals. The cardiac and
neural signals are temporally aligned by the time at which
they are sensed. The presentation device presents at
least a cardiac signal trace or cardiac event markers and
at least a neural signal trace or neural event markers.
The cardiac signal indicates sensed cardiac electrical
events and deliveries of cardiac electrical stimulation
pulses such as pacing or defibrillation pulses. The neural
signal indicates sensed neural electrical events and de-
liveries of neural electrical stimulation pulses. The simul-
taneous presentation of the temporally aligned cardiac
and neural signals allows for observation of analysis of
relationships between cardiac events and neural events,
such as effects of neural stimulation in neural electrical
activities and cardiac rhythms.

[0017] FIG. 1 is an illustration of an embodiment of a
cardiac and neural stimulation system 100 and portions
of an environment in which system 100 is used. System
100includes animplantable system 110, an external sys-
tem 120, and a telemetry link 115.

[0018] Implantable system 110 includes one or more
implantable medical devices. After being implanted in a
patient’s body 101, implantable system 110 senses car-
diac and neural signals and delivers electrical stimulation
pulses to the heart and/or one or more nerves that reg-
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ulate cardiac functions and hemodynamic performance.
Implantable system 110 produces data representative of
cardiac and neural activities and transmits the data to
external system 120. The data representative of cardiac
activities include one or more sensed cardiac signals,
such as electrograms, and/or cardiac event markers rep-
resentative of detected cardiac events such as detected
depolarizations and cardiac stimulation pulse deliveries.
The data representative of neural activities include one
or more sensed neural signals and/or neural event mark-
ers representative of detected neural events and neural
stimulation pulse deliveries.

[0019] External system 120 receives and processes
the data transmitted from implantable system 110 and
controls the operation of implantable system 110. In the
illustrated embodiment, external system 120 includes an
external telemetry circuit 122, an external control circuit
124, and a presentation device 126. Telemetry circuit
122 receives the data representative of the cardiac and
neural activities from implantable system 110. External
control circuit 124 processes the data received by telem-
etry circuit 122 and includes a presentation controller
128. Presentation controller 128 produces and tempo-
rally aligns selected type cardiac and neural signals for
visual presentation. Such signals for visual presentation
include one or more types of signal traces and one or
more types of event markers. Presentation device 126
simultaneously presents the temporally aligned selected
type cardiac and neural signals. In one embodiment, ex-
ternal control circuit 124 further produces physiologic pa-
rameters or signals based on the data representative of
the cardiac and neural activities. Such physiologic pa-
rameters or signals indicate cardiac and/or hemodynam-
ic response to cardiac and/or neural stimulation. Pres-
entation device 126 further presents one or more select-
ed type physiologic parameters or signals simultaneous-
ly with the temporally aligned selected type cardiac and
neural signals.

[0020] Telemetry link 115 provides for communication
between implantable system 110 and external system
120. In one embodiment, telemetry link 115 is an induc-
tive telemetry link. In an alternative embodiment, telem-
etry link 115 is a far-field radio-frequency telemetry link.
The communication includes data transmission from im-
plantable system 110 to external system 120, including,
for example, transmitting the data representative of the
cardiac and neural activities in real time, extracting the
data representative of the cardiac and neural activities
stored in implantable system 110, and extracting data
indicating an operational status of implantable system
110 (e.g., battery status and lead impedance). The com-
munication also includes data transmission from external
system 120 to implantable system 110, including, for ex-
ample, programming implantable system 110 to produce
the data representative of the cardiac and neural activi-
ties, programming implantable system 110 to perform at
least one self-diagnostic test (such as for a device oper-
ational status), and programming implantable system
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110 to deliver at least one of the cardiac and neural stim-
ulation therapies.

[0021] FIG. 2is a block diagram illustrating an embod-
iment of a circuit of implantable system 210, which is a
specific embodiment of implantable system 110. In var-
ious embodiments, the circuit is included on a single im-
plantable device or distributed in two or more implantable
devices, as further discussed below with reference to
FIGS. 17 and 18. Implantable system 210 includes one
or more cardiac leads 230, a cardiac sensing circuit 232,
acardiac stimulation circuit 234, one or more neural leads
236, a neural sensing circuit 238, a neural stimulation
circuit 240, an implant control circuit 242, and an implant
telemetry circuit 244.

[0022] Cardiac lead(s) 230 are cardiac sensing/stimu-
lation leads each including one or more endocardial or
epicardial electrodes for sensing one or more cardiac
signals indicative of cardiac electrical activities and/or
delivering cardiac stimulation pulses. Examples of such
cardiac leads include pacing and defibrillation leads each
include at least one electrode for sensing an electrogram.
In various embodiments, electrodes are configured to be
placed in, near, or over the right atrium (RA), left atrium
(LA), right ventricle (RV), and/or left ventricle (LV) to
sense electrograms indicative of depolarizations in these
chambers. Cardiac sensing circuit 232 senses one or
more cardiac signals through cardiac lead(s) 230. Car-
diac stimulation circuit 234 delivers cardiac stimulation
pulses through cardiac lead(s) 230.

[0023] Neural lead(s) 236 are neural sensing/stimula-
tionleads eachincluding one or more electrodes for sens-
ing one or more neural signals indicative of neural elec-
trical activities and/or delivering neural stimulation puls-
es. Examples of such neuralleadsinclude an expandable
stimulation lead having an electrode for placement in a
pulmonary artery in a proximity of a high concentration
of baroreceptors, a transvascular lead having an elec-
trode for placement proximal to one of the cardiac fat
pads, an epicardial lead having an electrode for place-
mentin the cardiac fat pad, a lead having a cuff electrode
for placement around an aortic, carotid, or vagus nerve,
and an intravascularly fed lead having an electrode for
placement proximal to the aortic, carotid, or vagus nerve
for transvascularly stimulating that nerve. Neural sensing
circuit 238 senses one or more neural signals through
neural lead(s) 236. Neural stimulation circuit 240 delivers
neural stimulation pulses through neural lead(s) 236.
[0024] Implant control circuit 242 controls the opera-
tion of implantable system 210 and produces the data
representative of the cardiac and neural activities, includ-
ing the one or more sensed cardiac signals, the delivered
cardiac stimulation pulses, the one or more sensed neu-
ral signals, and the delivered neural stimulation pulses.
Implant telemetry circuit 244 transmit the data to external
system 120 via telemetry link 115. In one embodiment,
implant control circuit 242 time stamps the cardiac and
neural activities, including the one or more sensed car-
diac signals, the delivered cardiac stimulation pulses, the
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one or more sensed neural signals, and the delivered
neural stimulation pulses. The data representative of the
cardiac and neural activities are then transmitted over
telemetry link serially or by multiplexing. External system
120 reconstructs the sequence and timing of the cardiac
and neural activities using the time stamps to provide for
the presentation of the temporally aligned cardiac and
neural signals. In one embodiment, implant control circuit
242 time stamps each of predetermined type events se-
lected from the detected cardiac events, detected neural
events, delivered cardiac stimulation pulses, and deliv-
ered neural stimulation pulses. In another embodiment,
implant control circuit 242 stamps the start and end times
for each of the predetermined type events. In another
embodiment, implant control circuit 242 stamps the start
time and the duration for each of the predetermined type
events. In an alternative embodiment, implant control cir-
cuit 242 produces periodic timing interval markers to pro-
vide for a common timing reference for all the cardiac
and neural activities.

[0025] FIG. 3is a block diagram illustrating an embod-
iment of a signal processing circuit 346 of system 100.
Signal processing circuit 346 produces the signals for
visual presentation by presentation device 126. Signal
processing circuit 346 includes a cardiac marker gener-
ator 348, a neural marker generator 350, a physiologic
parameter generator 352, a storage device 354, and a
presentation controller 356. In various embodiments, sig-
nal processing circuit 346 is distributed as part of implant
control circuit 242 and external control circuit 124, as
further discussed below with reference to FIG. 19.
[0026] Cardiac marker generator 348 produces cardi-
ac event markers indicative of predetermined type car-
diac events. The cardiac event markers include cardiac
stimulation markers each indicative of a delivery of a car-
diac stimulation pulse and cardiac sense markers each
indicative of an intrinsic cardiac electrical event. Each
cardiac event marker is a distinctive symbol associated
of a particular type cardiac event and is time stamped,
using timing information provided by cardiac sensing cir-
cuit 232, to indicate the time of occurrence or detection
of that cardiac event.

[0027] Neural marker generator 350 produces neural
event markers indicative of predetermined type neural
events. The neural event markers include neural stimu-
lation markers each indicative of a delivery of a neural
stimulation pulse and neural sense markers each indic-
ative of an intrinsic neural electrical event. Each neural
event marker is a distinctive symbol indicative of a par-
ticular type neural event and is time stamped, using tim-
ing information provided by neural sensing circuit 238,
to indicate the time of occurrence or detection of that
neural event. In one embodiment, the neural stimulation
markers include markers each representative of a neural
stimulation period during which a burst of the neural stim-
ulation pulses is delivered.

[0028] Physiologic parameter generator 352 derives
one or more physiologic parameters from the data rep-
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resentative of the cardiac and neural activities. In one
embodiment, physiologic parameter generator 352 in-
cludes a heart rate generator to dynamically measure a
heart rate. In a further embodiment, physiologic param-
eter generator 352 produces a heart rate signal that rep-
resents the measured heart rate and shows change in
the heart rate over time. In another embodiment, physi-
ologic parameter generator 352 includes a heart rate var-
iability (HRV) generator to dynamically calculate an HRV
parameter based on the measured heart rate. In a further
embodiment, physiologic parameter generator 352 pro-
duces an HRYV signal to represent the calculated HRV
parameter and shows change in the HRV over time. In
another embodiment, physiologic parameter generator
352 includes a cardiac interval generator to dynamically
measure a predetermined type cardiac interval. Exam-
ples of such cardiac interval include cardiac cycle length,
atrioventricular interval (AVI); and interventricular inter-
val (IV1). In a further embodiment, physiologic parameter
generator 352 produces a cardiac interval signal to rep-
resent the measured cardiac interval and shows change
in the cardiac interval over time. In another embodiment,
physiologic parameter generator 352 includes an ampli-
tude generator to dynamically measure an amplitude as-
sociated with a predetermined type cardiac event. In a
further embodiment, physiologic parameter generator
352 produces an amplitude signal to represent the meas-
ured amplitude of the predetermined type cardiac event
and shows change in that amplitude over time. In another
embodiment, physiologic parameter generator 352 in-
cludes a duration generator to dynamically measure a
duration associated with a predetermined type cardiac
event. Examples of such cardiac events include P-wave,
R-wave, and T-wave. In a further embodiment, physio-
logic parametergenerator 352 produces a duration signal
to represent the measured duration of the predetermined
type cardiac event and shows change in that duration
over time.

[0029] Storage device 354 stores data representing
some or all of the sensed cardiac and neural signals, the
cardiac and neural event markers, and the physiologic
parameters and/or signals. When needed, storage de-
vice 354 allows for diagnosis or therapy control based
on stored data.

[0030] Presentation controller 356 controls presenta-
tion device 126. Presentation controller 356 includes a
presentation input 358, an image generator 360, and an
alignment module 362. Presentation input 358 receives
some or all of the sensed cardiac and neural signals, the
cardiac and neural event markers, and the physiologic
parameters and/or signals. In one embodiment, presen-
tation input 358 receives data from implant control circuit
242 for presenting the cardiac and neural signal in real
time. In another embodiment, presentation input 358 re-
ceives data from storage device 354 for presenting stored
cardiac and neural signals for an off-line analysis. Image
generator 360 produces visual images for the cardiac
and neural signals. Alignment module 362 temporally
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aligns the visual images of the cardiac and neural signals
based on their timing information (such as the time
stamps) for simultaneous presentation by presentation
device 126. In one embodiment, image generator 360
further produces one or more visual images for the phys-
iologic parameters or signals, and alignment module 362
further temporally aligns the visual image(s) for the phys-
iologic parameters or signals with visual images of the
cardiac and/or neural signals for simultaneous presen-
tation by presentation device 126. In one embodiment,
presentation controller 356 receives user commands and
controls the content of the presentation according to the
user commands. Presentation input 358 selectively re-
ceives data representative of the sensed cardiac and
neural signals, the cardiac and neural event markers,
and the physiologic parameters or signals according to
the user command. Image generator 360 selectively pro-
duces the images for the signals according to the user
commands. Alignment module 362 temporally aligns the
selectively produced images for simultaneous presenta-
tion by presentation device 126.

[0031] FIG. 4 is a block diagram illustrating an embod-
iment of a user interface 478 of system 100. User inter-
face 478 is part of external system 120 and includes a
user input 425 and presentation device 426.

[0032] Userinput 425 includes a plurality of user input
devices to receive user commands controlling the con-
tent and the format of the visual presentation of the car-
diac and neural signals. Examples of such user input
devices include a signal selection input device 464, a
zooming input device 466, a time range input device 468,
a timing measurement input device 470, and a format
input device 472. Signal selection input device 464 re-
ceives user commands controlling the content of pres-
entation. The user, such as a physician or other caregiv-
er, is allowed to select at least one type of cardiac signal
and at least one type of neural signal for simultaneous
presentation by presentation device 126. In one embod-
iment, the user is further allowed to select at least one
type of physiologic parameter or signal for simultaneous
presentation with the cardiac and neural signals. Exam-
ples of the signals selectable for simultaneous presen-
tation include the one or more cardiac signals sensed by
cardiac sensing circuit 232, the one or more neural sig-
nals sensed by neural sensing circuit 238, the cardiac
event markers produced by cardiac marker generator
348, the neural event markers produced by neuralmarker
generator 350, and the physiologic parameters and sig-
nals produced by physiologic parameter generator 352.
[0033] Zooming input device 466, time range input de-
vice 468, timing measurement input device 470, and for-
mat input device 472 receive user commands controlling
the format of the visual presentation. Zooming input de-
vice 466 receives a user selection of a zooming param-
eter controlling a viewing size of the cardiac and neural
signals. Time range input device 468 receives a user
selection of a time range associated with the cardiac and
neural signals. In one embodiment, time range input de-
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vice 468 further receives a user command for moving the
time range forward or backward in time. Timing meas-
urement input device 470 allows for user-controllable
measurement of a time interval between any two points
in the cardiac and neural signals. In one embodiment,
timing measurement input device 470 includes a caliper
controller to control a position of each of two calipers
visually displayed with the cardiac and neural signals.
The calipers are user-positioned to measure the time in-
terval between any two points in the cardiac and neural
signals. In another embodiment, timing measurement in-
put device 470 allows placement of a visually displayed
fixed time scale with tick markers and timing labels ad-
jacent to the cardiac and neural signals. In another em-
bodiment, timing measurement input device 470 allows
display of the time stamps. In a specific embodiment, the
time stamps show absolute times or times relative to a
predetermined time reference point. In another specific
embodiment, the time stamps show times relative to pre-
determined type events. Format input device 472 re-
ceives a user selection of a visual appearance for each
type of the signals to be presented. Examples of such
visual appearance include color, gray scale, type of trac-
es (curves), and type of markers (symbols).

[0034] Presentation device 426 is a specific embodi-
ment of presentation device 126 and simultaneously
presents temporally aligned cardiac and neural signals.
In one embodiment, presentation device 426 further
presents one or more physiologic parameters or signals
simultaneously with the temporally aligned cardiac and
neural signals. In one embodiment, presentation device
426 includes a display screen 474, which includes a dis-
play area or window for presenting the cardiac and neural
signals and/or the physiologic parameters or signals. In
another embodiment, presentation device 426 further in-
cludes a printer 476. In one specific embodiment, printer
476 starts printing the signals being displayed on display
screen 474 on a strip chart upon receiving a user com-
mand and stops printing upon receiving another user
command.

[0035] FIG. 5is aflow chartillustrating an embodiment
of a method for simultaneously presenting cardiac and
neural signals. In one embodiment, the method is per-
formed using system 100.

[0036] Data representative of cardiac and neural ac-
tivities are received from one or more implantable med-
icaldevices at 500. In one embodiment, the dataincludes
timing information indicative times of occurrence for the
cardiac and neural activities. In one embodiment, the da-
ta represent one or more cardiac signals and one or more
neural signals sensed by the one or more implantable
medical devices. In another embodiment, the data also
represent cardiac event markers representative of car-
diac events and/or neural event markers representative
of neural events.

[0037] Cardiacand neural signals are produced for vis-
ual presentation based on the received data at 510. In
one embodiment, one or more user commands are re-
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ceived, and cardiac and neural signals are produced ac-
cording to a user command specifying the types and/or
the format of the signals for visual presentation. In one
embodiment, a subset of the data representative of car-
diac and neural signals associated with a specified period
of time is selected according to the user commands spec-
ifying that period.

[0038] The cardiac and neural signals are temporally
aligned at 520. In one embodiment, the cardiac and neu-
ral signals are temporally aligned using the timing infor-
mation received at 500. The temporally aligned cardiac
and neural signals are then presented at 530. In one em-
bodiment, the temporally aligned cardiac and neural sig-
nals are presented in real time. In another embodiment,
the temporally aligned cardiac and neural signals are
stored and presented upon receiving a presentation re-
quest. The presented cardiac signal(s) include at least
one cardiac signal trace and cardiac event markers. The
presented neural signal(s) include at least one neural
signal trace and neural event markers. The neural event
markers include markers indicative of neural stimulation
periods each including a time period during which a burst
of neural stimulation pulses is delivered. In one embod-
iment, cardiac event markers, at least one neural signal
trace, and neural event markers indicative of the neural
stimulation periods are simultaneously displayed. In an-
other embodiment, at least one cardiac signal trace and
neural event markers indicative of the neural stimulation
periods are simultaneously displayed. In one embodi-
ment, one or more physiologic parameters are measured
using the data received from the one or more implantable
medical devices and simultaneously displayed with the
cardiac and/or neural signals.

[0039] FIGS.6-10llustrate various examples of signal
presentation according to the present subject matter.
These examples are presented for the purpose of illus-
tration but not restriction. According to the present sub-
ject matter, both cardiac and neural signals are tempo-
rally aligned and simultaneously presented. When avail-
able and desirable, one or more physiologic parameters
or signals are simultaneously presented with the cardiac
and neural signals. Examples of the cardiac signal(s) to
be presented include at least one cardiac signal trace
and cardiac event markers. The cardiac signal trace is a
visual representation of a sensed cardiac signal. The car-
diac event markers, or cardiac markers, each present a
cardiac event detected from the sensed cardiac signal
or a delivery of cardiac stimulation pulse. Examples of
the neural signal(s) to be presented include at least one
neural signal trace and neural event markers. The neural
signal trace is a visual representation of a sensed neural
signal. The neural event markers, or neural markers,
each present a neural event detected from the sensed
neural signal or a delivery of neural stimulation pulse or
a neural stimulation period during which a burst of neural
stimulation pulses is delivered. In various embodiments,
the cardiac and neural markers also include event time
information, i.e., the times of occurrence for the events
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represented by the cardiac and neural markers. In FIGS.
6-10, various specific combinations of signals for simul-
taneous presentation are illustrated. Other specific com-
binations are possible, depending on which signals are
available for presentation and of interest, as those skilled
in the art willunderstand upon reading and understanding
this document. In various embodiments, the specific
combination of signals for simultaneous presentation is
user-selectable. That is, a physician or other caregiver
is allowed to select the types of signals to be simultane-
ously displayed according to specific diagnostic and/or
therapeutic needs. Asiillustrated in FIGS. 6-10, the pres-
entation device presents the signals on a display screen
or a display window being part of the display screen. In
various embodiments, the presentation device further in-
cludes a printer to print the signals on paper.

[0040] FIGS. 6A-E are each an illustration of an exem-
plary embodiment of a portion of a display screen simul-
taneously presenting at least a cardiac signal trace and
neural event markers. In FIG. 6A, a display window 600A
simultaneously displays a cardiac signal trace 602 and
neural event markers 604. Cardiac signal trace 602 rep-
resents a sensed cardiac signal indicative of cardiac de-
polarizations 603. As illustrated, neural event markers
604 include rectangular bars each indicative of a neural
stimulation period during which a burst of neural stimu-
lation pulses is delivered. In FIG. 6B, a display window
600B simultaneously displays cardiac signal trace 602
and neural event markers 606. As illustrated, neural
event markers 606 include symbols each representative
of aneural stimulation pulse. In FIG. 6C, adisplay window
600C simultaneously displays cardiac signal trace 602
and neural event markers 608 and 609. Neural event
markers 608 are columns each indicative of a neural stim-
ulation period during which a burst of neural stimulation
pulses is delivered. Neural event markers 609 are col-
umns each indicative of a non-stimulation period during
which no neural stimulation pulse is delivered. In one
embodiment, neural event markers 608 and 609 are dis-
played in substantially distinctive colors. In another em-
bodiment, neural event markers 608 and 609 are dis-
played in substantially distinctive gray scales. In another
embodiment, neural event markers 608 and 609 dis-
played with substantially distinctive filling patterns. Neu-
ral event markers 606 in FIG. 6B and neural event mark-
ers 608 and 609 in FIG. 6C represent exemplary alter-
natives to neural event markers 604 in FIG. 6A. Any of
these types of neural event markers, as well as other
symbols having similar visual effects, can be used to in-
dicate the neural stimulation periods. InFIG.6D, adisplay
window 600D simultaneously displays cardiac signal
trace 602, cardiac event markers 610, and neural event
markers 604. As illustrated, cardiac event markers 610
include cardiac sense markers each representing one of
cardiac depolarizations 603. When cardiac stimulation is
delivered, cardiac event markers 610 also include cardi-
ac stimulation markers each representing a delivery of
cardiac stimulation pulse. In FIG. 6E, a display window
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600E simultaneously displays cardiac signal trace 602,
aneural signal trace 612, and neural event markers 604.
Neural signal trace 612 represents a sensed neural sig-
nal.

[0041] FIG. 7A-C are each an illustration of an exem-
plary embodiment of a portion of a display screen simul-
taneously presenting at least a neural signal trace and
cardiaceventmarkers. InFIG. 7A, a display window 700A
simultaneously displays cardiac event markers 610 and
neural signal trace 612. In FIG. 7B, a display window
700B simultaneously displays cardiac event markers
610, neural signal trace 612, and neural event markers
604. In FIG. 7C, a display window 700C simultaneously
displays an atrial electrogram (A-EGM) trace 701, a ven-
tricular electrogram (V-EGM) trace 702, cardiac event
markers 710, neural signal 612, and neural event mark-
ers 604. As illustrated, both cardiac and neural stimula-
tion are applied. A-EGM trace 701 represents a sensed
atrial electrogram indicative of atrial depolarizations (P
waves). V-EGM trace 702 represents a sensed ventricu-
lar electrogram indicative of ventricular depolarizations
(R waves) as well as ventricular pacing pulses. Cardiac
event markers 710 include cardiac events markers as-
sociated with both A-EGM trace 701 and V-EGM trace
702, such as atrial sense markers (As), ventricular sense
markers (Vs) and ventricular pace markers (Vp).

[0042] FIG. 8is anillustration of an exemplary embod-
iment of a portion of a display screen simultaneously pre-
senting at least a cardiac signal trace and a neural signal
trace. A display window 800 simultaneously displays car-
diac signal trace 602 and neural signal trace 612.
[0043] FIG. 9isanillustration of an exemplary embod-
iment of a portion of a display screen presenting at least
cardiac event markers and neural event markers. A dis-
play window 900 simultaneously displays cardiac event
markers 610 and neural event markers 604.

[0044] FIG. 10 is an illustration of an exemplary em-
bodiment of a portion of a display screen simultaneously
presenting physiologic parameters in addition to the car-
diac and neural signals. In FIG. 10, a display window
1000 simultaneously displays a cardiac signal trace
1002, neural event markers 1004, and a physiologic pa-
rametertrace 1014. Cardiac signal trace 1002 represents
a sensed cardiac signal. Neural event markers 1004 in-
clude rectangular bars each indicative of a neural stim-
ulation period during which a burst of neural stimulation
pulses is delivered. Physiologic parameter trace 1014
represents a physiologic parameter dynamically derived
from the cardiac and/or neural signals. As illustrated in
FIG. 10, physiologic parameter trace 1014 represents a
heart rate dynamically measured from cardiac signal
trace 1002 and shows the effect of neural stimulation on
the heart rate.

[0045] Invarious embodiments,inadditiontothe signal
trace(s) and markers illustrated in FIGS. 6-10, a display
screen further presents text, numbers, labels, and/or oth-
er symbols associated with the signal trace(s) and mark-
ers. In various embodiments, a display screen further
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presents timing information associated with the signal
trace(s) and markers, such as atime scale and/or visually
displayed time measurement features such as those con-
trollable by the user using timing measurement input de-
vice 470.

[0046] The simultaneous presentation of cardiac and
neural signals provides physicians and other caregivers
with a tool used to guide therapy, such as a neural ther-
apy, a cardiac rhythm management (CRM) therapy, or a
combined neural and CRM therapy. In various embodi-
ments, the temporally aligned cardiac and neural signals
allow monitoring of effects of a neural stimulation therapy
in cardiac electrical activities, effects of a cardiac stimu-
lation therapy in neural electrical activities, and/or rela-
tions between cardiac and neural activities. Examples of
neural signals and their sensing are discussed below to
illustrate how system 100, including its various embodi-
ments, is used.

[0047] Baroreceptors and chemoreceptors in the
heart, great vessels, and lungs transmit cardiac activity
through vagal and sympathetic afferent fibers to the cen-
tral nervous system. Neural leads are used to sense neu-
ral signals indicative of neural electrical activities. Various
embodiments use a lead placed in a baroreceptor field
such as in the aorta, various embodiments use a lead
placed in an efferent nerve pathway such as a cardiac
fat pad, and various embodiments use a lead placed
around a nerve trunk such as the aortic, carotid, and
vagus nerves. According to various embodiments, the
targeted nerve traffic corresponds to baroreceptors, and
thus is useful to determine blood pressure. According to
various embodiments, the targeted nerve traffic to be
sensed corresponds to chemoreceptors, and thus is use-
ful to determine blood gas concentrations.

[0048] A brief discussion of the physiology related to
baroreceptors and chemoreceptors is provided below.
This brief discussion introduces the autonomic nervous
system, baroreflex, and chemoreceptors to provide an
understanding of placement of the electrodes (also re-
ferred to as neural traffic sensors) of the neural leads and
the neural signals sensed using these electrodes.
[0049] The autonomic nervous system (ANS) regu-
lates "involuntary" organs, while the contraction of vol-
untary (skeletal) muscles is controlled by somatic motor
nerves. Examples of involuntary organs include respira-
tory and digestive organs, and also include blood vessels
and the heart. Often, the ANS functions in an involuntary,
reflexive manner to regulate glands, to regulate muscles
in the skin, eye, stomach, intestines and bladder, and to
regulate cardiac muscle and the muscle around blood
vessels, for example.

[0050] The ANS includes, butis not limited to, the sym-
pathetic nervous system and the parasympathetic nerv-
ous system. The sympathetic nervous system is affiliated
with stress and the "fight or flight response" to emergen-
cies. Among other effects, the "fight or flight response”
increases blood pressure and heartrate to increase skel-
etal muscle blood flow, and decreases digestion to pro-
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vide the energy for "fighting or fleeing." The parasympa-
thetic nervous system is affiliated with relaxation and the
"rest and digest response" which, among other effects,
decreases blood pressure and heart rate, and increases
digestionto conserve energy. The ANS maintains normal
internal function and works with the somatic nervous sys-
tem.

[0051] Various embodiments of the present subject
matter provide neural stimulation to affect the heart rate,
blood pressure, vasodilation and vasoconstriction. The
heart rate and force is increased when the sympathetic
nervous system is stimulated, and is decreased when
the sympathetic nervous system is inhibited (the para-
sympathetic nervous system is stimulated). Various em-
bodiments detect nerve traffic as a surrogate parameter
for another physiologic parameter, such as heart rate,
blood pressure and the like. FIGS. 11A and 11B illustrate
neural mechanisms for peripheral vascular control. FIG.
11A generally illustrates afferent nerves to vasomotor
centers. An afferent nerve conveys impulses toward a
nerve center. A vasomotor center relates to nerves that
dilate and constrict blood vessels to control the size of
the blood vessels. FIG. 11B generally illustrates efferent
nerves from vasomotor centers. An efferent nerve con-
veys impulses away from a nerve center.

[0052] Stimulating the sympathetic and parasympa-
thetic nervous systems can have effects other than heart
rate and blood pressure. For example, stimulating the
sympathetic nervous system dilates the pupil, reduces
saliva and mucus production, relaxes the bronchial mus-
cle, reduces the successive waves of involuntary con-
traction (peristalsis) of the stomach and the motility of
the stomach, increases the conversion of glycogen to
glucose by the liver, decreases urine secretion by the
kidneys, and relaxes the wall and closes the sphincter of
the bladder. Stimulating the parasympathetic nervous
system and/or inhibiting the sympathetic nervous system
constricts the pupil, increases saliva and mucus produc-
tion, contracts the bronchial muscle, increases secre-
tions and motility in the stomach and large intestine, and
increases digestioninthe small intention, increases urine
secretion, and contracts the wall and relaxes the sphinc-
ter of the bladder. The functions associated with the sym-
pathetic and parasympathetic nervous systems are
many and can be complexly integrated with each other.
Thus, an indiscriminate stimulation of the sympathetic
and/or parasympathetic nervous systems to achieve a
desired response, such as vasodilation, in one physio-
logical system may also result in an undesired response
in other physiological systems. Additionally, sensing of
nerve fraffic for use as a surrogate parameter of a phys-
iologic parameter can depend on a number of physiologic
parameters. Various embodiments of the present subject
matter perturb the physiological system with precisely
located neural stimulation, and monitor the nerve traffic
response to the stimulation.

[0053] A pressoreceptive region or field is capable of
sensing changes in pressure, such as changes in blood
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pressure. Pressoreceptor regions are referred to herein
as baroreceptors, which generally include any sensors
of pressure changes. For example, baroreceptors in-
clude afferent nerves and further include sensory nerve
endings that provide baroreceptor fields that are sensitive
to the stretching of the wall that results from increased
blood pressure from within, and function as the receptor
of a central reflex mechanism that tends to reduce the
pressure. Baroreflex functions as a negative feedback
system, and relates to a reflex mechanism triggered by
stimulation of a baroreceptor. Increased pressure
stretches blood vessels, which in turn activates barore-
ceptors in the vessel walls. Activation of baroreceptors
naturally occurs through internal pressure and stretching
of the arterial wall, which excites the parasympathetic
nervous system causing baroreflex inhibition of sympa-
thetic nerve activity (SNA) and a reduction in systemic
arterial pressure. An increase in baroreceptor activity in-
duces areduction of SNA, which reduces blood pressure
by decreasing peripheral vascular resistance. Centrally
mediated reflex pathways modulate cardiac rate, con-
tractility and excitability. Baroreceptors and chemorecep-
torsinthe heart, great vessels, and lungs, transmit neural
signals reflective of cardiac activity through vagal and
afferentfibers to the central nervous system. Thus, phys-
iologic parameters, such as systemic arterial pressure,
can be determined based on nerve traffic. Such pressure
information, for example, provides useful feedback infor-
mation to guide therapy such as neural therapy or CRM
therapy such as CRT.

[0054] Baroreflex is areflex triggered by stimulation of
a baroreceptor. A baroreceptor includes any sensor of
pressure changes, such as sensory nerve endings in the
wall of the auricles of the heart, vena cava, aortic arch
and carotid sinus, that is sensitive to stretching of the
wall resulting from increased pressure from within, and
that functions as the receptor of the central reflex mech-
anism that tends to reduce that pressure. Afferent nerves
can also be electrically stimulated to induce a baroreflex,
which inhibits the sympathetic nerve activity and stimu-
lates parasympathetic nerve activity. Afferent nerve
trunks, such as the vagus, aortic and carotid nerves, lead-
ing from the sensory nerve endings also form part of a
baroreflex pathway. Stimulating a baroreflex pathway
and/or baroreceptors inhibits sympathetic nerve activity,
stimulates the parasympathetic nervous system and re-
duces systemic arterial pressure by decreasing periph-
eral vascular resistance and cardiac contractility. Barore-
ceptors are naturally stimulated by internal pressure and
the stretching of vessel wall (e.g. arterial wall).

[0055] Some aspects of the present subject matter lo-
cally sense specific nerve endings in vessel walls rather
than orin addition to afferent and/or efferent nerve trunks.
For example, some embodiments sense baroreceptor
sites or fields in the pulmonary artery. Some embodi-
ments of the present subject matter involve sensing
baroreceptor sites or nerve endings in the aorta, the
chambers of the heart, some embodiments of the present
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subject matter involve sensing efferent pathways such
as the fat pads of the heart, and some embodiments of
the present subject matter involve stimulating an afferent
nerve trunk, such as the vagus, carotid and aortic nerves.
Various embodiments involve combinations of sensing
nerve ending, sensing efferentnerve pathways and sens-
ing afferent nerve pathways. Some embodiments sense
nerve trunks using a cuff electrode, and some embodi-
ments sense nerve trunks using an intravascular lead
positioned in a blood vessel proximate to the nerve. Ex-
amples of afferent nerve trunks include the vagus, aortic
and carotid nerves. Examples of efferent nerve trunks
include the cardiac branches off the vagus nerve. Stim-
ulation of efferent nerves such as these cardiac branches
or the nerves in cardiac fat pads conveys nervous im-
pulses to an effector, and thus do not use the baroreflex
negative feedback of the central nervous system, which
responds to nerve activity on afferent nerves with nerve
activity on efferent nerves. Some embodiments sense
neural traffic at any of the above-identified neural stimu-
lation sites.

[0056] FIGS. 12A-12C illustrate a heart. As illustrated
in FIG. 12A, the heart 1201 includes a superior vena cava
1202, an aortic arch 1203, and a pulmonary artery 1204,
and is useful to provide a contextual relationship with the
illustrations in FIGS. 13-15. As is discussed in more detail
below, the pulmonary artery 1204 includes barorecep-
tors. A lead is capable of being intravascularly inserted
through a peripheral vein and through the tricuspid valve
into the right ventricle of the heart (not expressly shown
in the figure) similar to a cardiac pacemaker lead, and
continue from the right ventricle through the pulmonary
valve into the pulmonary artery. A portion of the pulmo-
nary artery and aorta are proximate to each other. Vari-
ous embodiments sense neural activity by the barore-
ceptor in the aorta using a lead intravascularly positioned
in the pulmonary artery. Some embodiments also stim-
ulate baroreceptors in the aorta. Aspects of the present
subject matter provide a relatively noninvasive surgical
technique to implant a neural traffic sensor, with or with-
out a baroreceptor stimulator, intravascularly into the pul-
monary artery.

[0057] FIGS. 12B-12C illustrate the right side and left
side of the heart, respectively, and further illustrate car-
diac fat pads. FIG. 12B illustrates the right atrium 1267,
right ventricle 1268, sinoatrial node 1269, superior vena
cava 1202, inferior vena cava 1270, aorta 1271, right
pulmonary veins 1272, and right pulmonary artery 1273.
FIG. 12B also illustrates a cardiac fat pad 1274 between
the superior vena cava and aorta. Autonomic ganglia in
the cardiac fat pad 1274 are stimulated and/or nerve traf-
fic is sensed in some embodiments using an electrode
screwed or otherwise inserted into the fat pad, and are
stimulated and/or nerve traffic is sensed in some embod-
iments using an intravenously-fed lead proximately po-
sitioned to the fat pad in a vessel such as the right pul-
monary artery or superior vena cava, for example. FIG.
12C illustrates the left atrium 1275, left ventricle 1276,
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rightatrium 1267, right ventricle 1268, superior vena cava
1202, inferior vena cava 1270, aorta 1271, right pulmo-
nary veins 1272, left pulmonary vein 1277, right pulmo-
nary artery 1273, and coronary sinus 1278. FIG. 12C
also illustrates a cardiac fat pad 1279 located proximate
to the right cardiac veins and a cardiac fat pad 1280 lo-
cated proximate to the inferior vena cava and left atrium.
Autonomic ganglia in the fat pad 1279 are stimulated
and/or nerve fraffic is sensed in some embodiments us-
ing an electrode screwed or otherwise inserted into the
fat pad 1279, and are stimulated and/or nerve traffic is
sensed in some embodiments using an intravenously-
fed lead proximately positioned to the fat pad in a vessel
such as the right pulmonary artery 1273 or right pulmo-
nary vein 1272, for example. Autonomic ganglia in the
cardiac fat pad 1280 are stimulated and/or nerve traffic
is sensed in some embodiments using an electrode
screwed or otherwise inserted into the fat pad, and are
stimulated and/or nerve traffic is sensed in some embod-
iments using an intravenously-fed lead proximately po-
sitioned to the fat pad in a vessel such as the inferior
vena cava 1270 or coronary sinus or a lead in the left
atrium 1275, for example.

[0058] FIG. 13 illustrates baroreceptors in the area of
the carotid sinus 1305, aortic arch 1303 and pulmonary
artery 1304. The aortic arch 1303 and pulmonary artery
1304 were previously illustrated with respect to the heart
in FIG. 12A. As illustrated in FIG. 13, the vagus nerve
1306 extends and provides sensory nerve endings 1307
that function as baroreceptors in the aortic arch 1303, in
the carotid sinus 1305 and in the common carotid artery
1310. The glossopharyngeal nerve 1308 provides nerve
endings 1309 that function as baroreceptorsin the carotid
sinus 1305. These nerve endings 1307 and 1309, for
example, are sensitive to stretching of the wall resulting
from increased pressure from within. Activation of these
nerve endings reduces pressure. Although notiillustrated
in the figures, the fat pads and the atrial and ventricular
chambers of the heart also include baroreceptors. Cuffs
have been placed around afferent nerve trunks, such as
the vagalnerve, leading from baroreceptors to vasomotor
centers to stimulate the baroreflex. According to various
embodiments of the present subject matter, afferent
nerve trunks can be stimulated and/or nerve traffic from
the afferent nerve trunks can be sensed using a cuff or
intravascularly-fed lead positionedin a blood vessel prox-
imate to the afferent nerves.

[0059] FIG. 14 illustrates baroreceptors in and around
a pulmonary artery 1404. The superior vena cava 1402
and the aortic arch 1403 are also illustrated. As illustrat-
ed, the pulmonary artery 1404 includes a number of
baroreceptors 1411, as generally indicated by the dark
area. Furthermore, a cluster of closely spaced barore-
ceptorsis situated near the attachment of the ligamentum
arteriosum 1412. FIG. 14 also illustrates the right ventri-
cle 1413 of the heart, and the pulmonary valve 1414 sep-
arating the right ventricle 1413 from the pulmonary artery
1404. According to various embodiments of the present
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subject matter, a lead is inserted through a peripheral
vein and threaded through the tricuspid valve into the
right ventricle, and from the right ventricle 1413 through
the pulmonary valve 1414 and into the pulmonary artery
1404 to stimulate baroreceptors and/or sense nerve traf-
fic from the baroreceptors in and/or around the pulmo-
nary artery. In various embodiments, for example, the
lead is positioned to stimulate the cluster of barorecep-
tors and/or sense nerve traffic near the ligamentum ar-
teriosum 1412.

[0060] FIG. 15 illustrates baroreceptor fields 1512 in
the aortic arch 1503, near the ligamentum arteriosum
and the trunk of the pulmonary artery 1504. Some em-
bodiments position the lead in the pulmonary artery to
stimulate baroreceptor sites and/or sense nerve traffic in
the aorta and/or fat pads, such as are illustrated in FIGS.
12B-12C.

[0061] FIG. 16 illustrates an example of a neural re-
sponse after perturbing a physiologic system. In the il-
lustration, pressure functions as an indicator for a phys-
iologic system. The systemis illustrated in a first low pres-
sure condition 1615 and a second high pressure condi-
tion 1616. Nerve activity, illustrated at 1617 and 1618,
changes between the two conditions. The change may
be rather transientin nature if the nervous system quickly
adapts from the first to the second condition, or may be
more sustained if the nervous system does not quickly
adapt to the change in conditions. Regardless, an anal-
ysis of a sensed nerve traffic signal can extract or other-
wise determine features of the signal indicative of the
response. In the illustrated example, the waveform 1617
associated with an integrated sympathetic nerve activity
changes (e.g. change in slope and period of waveform)
from the first to the second conditions. Additionally, the
waveform 1618 associated with a mean sympathetic
nerve activity changes (e.g. a first level of nerve activity
to a second level of nerve activity) from the first to the
second conditions. The integrated sympathetic nerve ac-
tivity and mean sympathetic nerve activity waveforms are
provided as examples. Other ways of sensing changes
in the neural traffic signals can be used.

[0062] Various embodiments of the present subject
matter sense nerve traffic corresponding to chemorecep-
tors. The carotid and aortic bodies provide a concentra-
tion of cardiovascular chemoreceptors. The carotid body
lies deep to the bifurcation of the common carotid artery
or somewhat between the two branches. The carotid
body is a small, flattened, oval structure, 2 to 5 mm in
diameter, with a characteristic structure composed of ep-
ithelioid cells, which are in close relation to capillary si-
nusoids, and an abundance of nerve fibers. Surrounding
the carotid body is a delicate fibrous capsule. It is part of
the visceral afferent system of the body, containing
chemoreceptor endings that respond to low levels of ox-
ygen in the blood or high levels of carbon dioxide and
lowered pH of the blood. It is supplied by nerve fibers
from both the glossopharyngeal and vagus nerves.
[0063] The aortic bodies (glomera aortica) are chem-
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oreceptors similar to the carotid bodies. Afferent fibers
from the aortic bodies run in the right vagus and have
cell bodies in the inferior ganglion. The supracardial bod-
ies (aortic paraganglia) are also chemoreceptors with
their afferent fibers in the left vagus and cell bodies in
the inferior ganglion.

[0064] In various embodiments of the present subject
matter, cardiac and neural signals are sensed, and car-
diac and neural therapies are delivered, by an implanta-
ble system. The implantable system includes an implant-
able device that has integrated neural stimulation and
CRM components or separate implantable neural stim-
ulation and CRM devices. Although implantable systems
are illustrated and discussed, various aspects and em-
bodiments of the present subject matter can be imple-
mented in external devices. Forexample, the cardiac and
neural events can be sensed using implantable leads,
external electrodes, percutaneous leads, or any combi-
nation of these.

[0065] FIG. 17 illustrates a cardiac and neural stimu-
lation system 1700, which is a specific embodiment of
system 100. System 1700 includes an implantable sys-
tem 1710 and an external system 1720. Implantable sys-
tem 1710 is a specificembodiment ofimplantable system
110 and includes an implantable medical device (IMD)
1780. External system 1720 and IMD 1780 communi-
cates via telemetry link 115. In one embodiment, system
1700 provides for the simultaneous presentation of tem-
porally aligned cardiac and neural signals, and external
system 1720 includes presentation device 126 including
its specific embodiments.

[0066] In various embodiments, IMD 1780 integrates
a CRM device with a neural sensing and/or stimulation
device. The CRM device senses cardiac electrical activ-
ities and delivers cardiac stimulation. Examples of the
CRM device include pacemakers, cardioverter/defibrilla-
tors, combined pacemaker-cardioverter/defibrillators,
cardiac resynchronization therapy (CRT) devices, and
cardiacremodeling controltherapy (RCT) devices. Invar-
ious embodiments, neural activities are sensed to indi-
cate a need for cardiac stimulation and/or to control the
timing of pacing pulse deliveries. In various embodi-
ments, cardiac activities are sensed to control the timing
of neural stimulation pulse deliveries, such as to synchro-
nize neural stimulation to cardiac cycles.

[0067] In various embodiments, IMD 1780 includes a
sensor to sense ANS activity. In one specific embodi-
ment, the sensed ANS activity provides nerve traffic feed-
back in a closed loop control system. In various embod-
iments, surrogate parameters, such as respiration and
blood pressure, are sensed to indicate ANS activity. In
various embodiments, IMD 1780 delivers neural stimu-
lation to baroreceptors. A neural lead is fed through the
right ventricle, and further fed into the pulmonary artery
to sense from and/or to deliver neural stimulation pulses
to the baroreceptor fields. In various embodiments, neu-
ral leads provide access to baroreceptor sites and/or
baroreflex pathways, such as those illustrated in FIGS.
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12A-12C, 13 and 14, for sensing and/or stimulation.
[0068] In one embodiment, implantable system 1710
has a circuit illustrated as the circuit of implantable sys-
tem 210 in FIG. 2. IMD 1780 is an integrated CRM and
neural stimulation device and includes, among other
things, a cardiac sensing circuit, a cardiac stimulation
circuit, a neural sensing circuit, and a neural stimulation
circuit.

[0069] FIG. 18 illustrates a cardiac and neural stimu-
lation system 1800, which is another specific embodi-
ment of system 100. System 1800 includes an implant-
able system 1810 and an external system 1820. Implant-
able system 1810 is a specific embodiment of implanta-
ble system 110 and includes an implantable neural stim-
ulator (NS) device 1882 and an implantable CRM device
1884. External system 1820 and implantable system
1810 communicate via telemetry link 115. In one embod-
iment, system 1800 provides for the simultaneous pres-
entation of temporally aligned cardiac and neural signals,
and external system 1820 includes presentation device
126 including its specific embodiments.

[0070] Implantable system 1810 is functionally sub-
stantially similar to implantable system 1710 but includes
separate CRM and neural stimulation devices. Examples
of CRM device 1884 include pacemakers, cardiovert-
er/defibrillators, combined pacemaker-cardioverter/defi-
brillators, cardiac resynchronization therapy (CRT) de-
vices, and cardiac remodeling control therapy (RCT) de-
vices. NS device 1882 performs the neural sensing and
stimulation functions of IMD 1780. A communication link
1885 transmits data representing sensed neural activi-
ties and/or neural stimulation activities from NS device
1882 to CRM device 1884, and transmits data represent-
ing sensed cardiac activities and/or cardiac stimulation
activities from CRM device 1884 to NS device 1882, such
that implantable system 1810 can function in a manner
substantially similar to implantable system 1710. In one
embodiment, communication link 1885 includes a wire-
less telemetry link using radio-frequency electromagnet-
ic waves or ultrasonic waves as the transmission medi-
um. In another embodiment, communication link 1885
includes one or more leads or cables providing for elec-
trical connections between NS device 1882 and CRM
device 1884. In one embodiment, external system 1820
communicates with both NS device 1882 and CRM de-
vice 1884 via telemetry link 115. In another embodiment,
external system 1820 communicates with one ofNS de-
vice 1882 and CRM device 1884 via telemetry link 115,
and communicates with the other device further via com-
munication link 1885. In one embodiment, data transmit-
ted from NS device 1882 and CRM device 1884 repre-
senting the sensed and stimulation activities in each de-
vice are time stamped in a synchronized manner. In a
specific embodiment, NS device 1882 and CRM device
1884 exchange time synchronization information to allow
use of synchronized clocks in each of the devices for the
time stamping. In another embodiment, external system
1820 provides for the time synchronization for the data
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transmitted from NS device 1882 and CRM device 1884.
In a specific embodiment, external system 1820 tempo-
rally aligns the signal trace(s) and/or markers to be si-
multaneously presented by compensating for all known
and/or estimated relative time delays associated with
transmitting the data from NS device 1882 and CRM de-
vice 1884.

[0071] In one embodiment, implantable system 1810
has a circuit illustrated as the circuit of implantable sys-
tem 210 in FIG. 2. The circuit is distributed in NS device
1882 and CRM device 1884. NS device 1882 includes,
among other things, a neural sensing circuitand a neural
stimulation circuit. CRM device 1884 includes, among
other things, a cardiac sensing circuit and a cardiac stim-
ulation circuit.

[0072] FIG. 19 is a block diagram illustrating an em-
bodiment of a circuit that provides for the simultaneous
presentation of cardiac and neural signals. The circuit is
part of a cardiac and neural stimulation system 1900,
which is a specific embodiment of system 100. System
1900 includes an implantable system 1910 providing for
cardiac and neural sensing and stimulation and an ex-
ternal system 1920.

[0073] Implantable system 1910 is a specific embodi-
ment of implantable system 210 and includes leads 1933,
a sensing circuit 1935, a stimulation circuit 1937, an im-
plant processing circuit 1942, and an implant telemetry
circuit 1944. Leads 1933 include, but are not limited to,
various combinations of leads selected from the leads
discussed in this document. Sensing circuit 1935 senses
cardiac and neural signals through leads 1933. Stimula-
tion circuit 1937 delivers cardiac and/or neural stimula-
tion pulses through leads 1933. Implant processing cir-
cuit 1942, which is part of implant control circuit 242, pro-
duces data representative of the sensed cardiac and neu-
ral signals and deliveries of the cardiac and/or neural
stimulation pulses. In one embodiment, implant process-
ing circuit 1942 generates cardiac and neural event mark-
ers to represent cardiac and neural events including both
sensed activities and the deliveries of the cardiac and
neural stimulation pulses. Implant telemetry circuit 1944
transmits the data to external system 1920.

[0074] External system 1920 is a specific embodiment
of external system 120 and includes an external telem-
etry circuit 1922, an external processing circuit 1924, and
a presentation device 1926. External telemetry circuit
1922 receives the data from implantable system 1910.
External processing circuit 1924, which is part of external
control circuit 124 including presentation controller 128,
processes the received data to produce and temporally
align cardiac and neural signals for simultaneous pres-
entation by presentation device 1926.

[0075] Implant processing circuit 1942 and external
processing circuit 1924 form a signal processing circuit
1946, which produces the cardiac and neural signals for
presentation based on the sensed cardiac and neural
signals. Signal processing circuit 1946 illustrates that sig-
nal processing circuit 346 is distributed in an implantable
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system and an external system according to one embod-
iment of the present subject matter.

[0076] FIG. 20 is a block diagram illustrating a specific
embodiment of an external system 2020, which is a spe-
cific embodiment of external system 120, 1720, 1820, or
1920. As illustrated in FIG. 20, external system 2020 is
a patient management system including an external de-
vice 2090, a telecommunication network 2092, and a re-
mote device 2094. External device 2090 is placed within
the vicinity of an implantable system and includes exter-
nal telemetry system 122 to communicate with the im-
plantable system via telemetry link 115. Remote device
2094 is in a remote location and communicates with ex-
ternal device 2090 through network 2092, thus allowing
a physician or other caregiver to monitor and treat a pa-
tient from a distant location and/or allowing access to
various treatment resources from the remote location.
Remote device 2094 includes presentation device 126.
[0077] Itis to be understood that the above detailed
description is intended to be illustrative, and not restric-
tive. Other embodiments will be apparent to those of skill
in the art upon reading and understanding the above de-
scription. The scope of the invention should, therefore,
be determined with reference to the appended claims,
along with the full scope of legal equivalents to which
such claims are entitled.

Claims

1. Asystem (120) for presenting signals sensed by one
or more implantable medical devices (110, 1710,
1810), the system comprising:

a telemetry circuit (122, 1922) configured to re-
ceive data representative of time stamped car-
diac and neural activities transmitted from the
one or more implantable medical devices, the
received data including one or more intracardiac
electrograms indicative of cardiac depolariza-
tions, one or more sensed nerve traffic signals
indicative of autonomic nerve traffic, and neural
event markers indicative of neural stimulation
periods each including a time period during
which a burst of neural stimulation pulses is de-
livered;

an external control circuit (124) coupled to the
telemetry circuit, the external control circuit in-
cluding a presentation controller (128) adapted
to produce and temporally align one or more car-
diac signals (602, 610, 701, 702, 710, 1002) in-
dicative of cardiac depolarizations and neural
signals (604, 606, 608, 609, 612, 1004) indica-
tive of the autonomic nerve traffic and the neural
stimulation periods for visual presentation
based on the received data including time
stamps for the cardiac and neural activities; and
a presentation device (126,426, 1926) coupled
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to the presentation controller, the presentation
device adapted to simultaneously present the
temporally aligned one or more cardiac signals
and the neural signals to allow for observation
of relationships between the cardiac and neural
activities.

The system according to claim 1, wherein the pres-
entation device comprises a display screen (474).

The system according to any of the preceding claims,
wherein the external control circuit further comprises
a physiologic parameter generator (352) adapted to
derive one or more physiologic parameters from the
received data, and wherein the presentation device
is further adapted to display the one or more physi-
ologic parameters (1014) simultaneously with the
one or more cardiac signals and one or more neural
signals.

The system according to any of the preceding claims,
further comprising a user input (425) to receive one
or more user commands, and wherein the presen-
tation controller is adapted to produce and tempo-
rally align the one or more cardiac signals and one
or more neural signals according to the one or more
user commands.

The system according to claim 4, wherein the user
input comprises a time range input (468) device
adapted to receive a user selection of a time range
associated with the one or more cardiac signals and
one or more neural signals.

The system according to any of the preceding claims,
wherein the one or more cardiac signals comprise
one or more of at least one cardiac signal trace (602.
701, 702, 1002) representing a sensed cardiac sig-
nal and cardiac event markers (610, 710) each rep-
resentative of a predetermined type cardiac event,
and the one or more neural signals comprise one or
more of at least one neural signal trace (612) repre-
senting a sensed neural signal and neural event
markers (604, 606, 608, 609, 1004) each represent-
ative of a predetermined type neural event, wherein
the sensed cardiac and neural signals are sensed
by the one or more implantable medical devices.

The system according to claim 6, wherein the neural
event markers comprise neural event markers each
indicative of a neural stimulation period during which
a burst of neural stimulation pulses is delivered.

The system according to any of claims 6 and 7,
wherein the presentation device is adapted to
present the at least one cardiac signal trace and the
neural event markers simultaneously.
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The system according to any of claims 6 and 7,
wherein the presentation device is adapted to
present the at least one neural signal trace and the
cardiac event markers simultaneously.

The system according to claim 6, wherein the pres-
entation device is adapted to present the atleast one
cardiac signal trace and the at least one neural signal
trace simultaneously.

The system according to any of claims 6 and 7,
wherein the presentation device is adapted to
present the cardiac event markers and the neural
event markers simultaneously.

The system according to any of the preceding claims
further comprising the one or more implantable med-
ical devices, and wherein the one or more implant-
able medical devices comprise:

a cardiac sensing circuit (232) to sense the car-
diac activities;

a cardiac stimulation circuit (234) to deliver car-
diac stimulation pulses;

aneural sensing circuit (238) to sense the neural
activities;

a neural stimulation circuit (240) to deliver neural
stimulation pulses;

an implant control circuit (242), coupled to the
cardiac sensing circuit, the cardiac stimulation
circuit, the neural sensing circuit, and the neural
stimulation circuit, to produce the data repre-
sentative of the cardiac and neural activities in-
cluding the delivered cardiac stimulation pulses
and the delivered neural stimulation pulses; and
an implant telemetry circuit (244), coupled to the
implant control circuit, to transmit the data rep-
resentative of the cardiac and neural activities,
and wherein the one or more cardiac signals are
representative of at least one of the cardiac ac-
tivities and the delivered cardiac stimulation
pulses, and the one or more neural signals are
representative of at least one of the neural elec-
trical activities and the delivered neural stimula-
tion pulses.

The system according to claim 12, wherein the one
or more implantable medical devices comprise an
implantable medical device (1780) including at least
the cardiac sensing circuit, the cardiac stimulation
circuit, the neural sensing circuit, and the neural stim-
ulation circuit.

The system according to claim 12, wherein the one
or more implantable medical devices comprise:

animplantable cardiac rhythm management de-
vice (1884) including atleast the cardiac sensing
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circuit and the cardiac stimulation circuit; and
an implantable neural stimulation device (1882)
including at least the neural sensing circuit and
the neural stimulation circuit.

A method, comprising:

receiving data representative of time stamped
cardiac and neural activities from one or more
implantable medical devices, the received data
including one or more intracardiac electrograms
indicative of cardiac depolarizations, one or
more sensed nerve traffic signals indicative of
autonomic nerve traffic, and neural event mark-
ers indicative of neural stimulation periods each
including a time period during which a burst of
neural stimulation pulses is delivered;
producing cardiac signals indicative of cardiac
depolarizations and neural signals indicative of
the autonomic nerve traffic and the neural stim-
ulation periods for visual presentation based on
the received data including time stamps for the
cardiac and neural activities;

aligning the cardiac and neural signals tempo-
rally; and

simultaneously presenting the temporally
aligned one or more cardiac signals and the neu-
ral signals to allow for observation of relation-
ships between the cardiac and neural activities.

The method according to claim 15, further compris-
ing:

receiving one or more user commands; and
producing cardiac and neural signals for pres-
entation according to the one or more user com-
mands.

The method according to claim 16, wherein receiving
the one or more user commands comprises receiv-
ing a user command selecting a subset of the data
representative of cardiac and neural activities occur-
ring or detected during a specified period of time.

The method according to any of claims 15 to 17,
further comprising:

deriving one or more physiologic parameters
from the received data; and
presenting the one or more physiologic param-
eters simultaneously with the temporally aligned
cardiac and neural signals.

The method according to any of claims 15 to 18,
wherein presenting the temporally aligned cardiac
and neural signals comprises presenting the tempo-
rally aligned cardiac and neural signals in real time.
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The method according to any of claims 15 to 19,
further comprising:

storing the received data; and

receiving a presentation request, wherein pre-
senting the temporally aligned cardiac and neu-
ral signals comprises presenting the temporally
aligned cardiac and neural signals in response
to the presentation request.

The method according to any of claims 15 to 20,
wherein presenting the temporally aligned cardiac
and neural signals comprises:

displaying one or more of at least one cardiac
signal trace and cardiac event markers;

and

displaying one or more of at least one neural
signal trace and neural event markers.

The method according to any of claims 15 to 21,
wherein presenting the temporally aligned cardiac
and neural signals comprises presenting neural
event markers indicative of neural stimulation peri-
ods each including a time period during which a burst
of neural stimulation pulses is delivered.

The method according to claim 22, wherein present-
ing the temporally aligned cardiac and neural signals
comprises:

displaying the cardiac event markers;
displaying the at least one neural signal; and
displaying the neural event markers including
the neural event markers indicative of the neural
stimulation periods.

The method according to claim 22, wherein present-
ing the temporally aligned cardiac and neural signals
comprises:

displaying the at least one cardiac signal; and
displaying the neural event markers including
the neural event markers indicative of the neural
stimulation periods.

Patentanspriiche

System (120) zum Darstellen von Signalen, die
durch eine oder mehr implantierbare medizinische
Vorrichtungen (110, 1710, 1810) erfasst wurden,
welches System aufweist:

eine Telemetrieschaltung (122, 1922), die kon-
figuriert ist zum Empfangen von Daten, die re-
prasentativ fir zeitgestempelte Herz- und Ner-
venaktivitaten, die von der einen oder den meh-
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reren implantierbaren medizinischen Vorrich-
tungen gesendet wurden, sind, wobei die emp-
fangenen Daten ein oder mehrere intrakardiale
Elektrogramme, die Herzdepolarisationen an-
zeigen, ein oder mehrere erfasste Nervenver-
kehrssignale, die vegetativen Nervenverkehr
anzeigen, und Nervenereignismarkierer, die
Nervenstimulationsperioden anzeigen, die je-
weils eine Zeitperiode enthalten, wahrend der
ein Bindel von Nervenstimulationsimpulsen ge-
liefert wird, enthalten;

eine externe Steuerschaltung (124), die mit der
Telemetrieschaltung gekoppeltist, wobeidie ex-
terne Steuerschaltung eine Darstellungssteuer-
vorrichtung (128) enthalt, die ausgestaltet ist
zum Erzeugen und zeitlichen Ausrichten eines
oder mehrerer Herzsignale (602, 610, 701, 702,
710, 1002), die Herzdepolarisationen anzeigen,
und Nervensignale (604, 606, 608, 609, 612,
1004), die den vegetativen Nervenverkehr und
die Nervenstimulationsperioden anzeigen, fir
visuelle Darstellung auf der Grundlage der emp-
fangenen Daten enthaltend Zeitstempel flr die
Herz- und Nervenaktivitaten; und

eine Darstellungsvorrichtung (126, 426, 1926),
die mit der Darstellungssteuervorrichtung ge-
koppelt ist, wobei die Darstellungsvorrichtung
ausgestaltet ist zum gleichzeitigen Darstellen
der zeitlich ausgerichteten einen oder mehreren
Herzsignale und der Nervensignale, um eine
Beobachtung der Beziehungen zwischen den
Herz- und Nervenaktivitaten zu ermdglichen.

System nach Anspruch 1, bei dem die Darstellungs-
vorrichtung einen Anzeigeschirm (474) aufweist.

System nach einem der vorhergehenden Anspri-
che, bei dem die externe Steuerschaltung weiterhin
einen Generator (352) fiir physiologische Parameter
aufweist, der ausgestaltet ist zum Ableiten eines
oder mehrerer physiologischer Parameter aus den
empfangenen Daten, und bei dem die Darstellungs-
vorrichtung weiterhin ausgestaltet ist zum Anzeigen
des einen oder der mehreren physiologischen Pa-
rameter (1014) gleichzeitig mit dem einen oder den
mehreren Herzsignalen und dem einen oder den
mehreren Nervensignalen.

System nach einem der vorhergehenden Anspri-
che, weiterhin aufweisend einen Benutzereingang
(425) zum Empfangen von einem oder mehreren Be-
nutzerbefehlen, und bei dem die Darstellungssteu-
ervorrichtung ausgestaltet ist zum Erzeugen und
zeitlichen Ausrichten des einen oder der mehreren
Herzsignale und des einen oder der mehreren Ner-
vensignale gemal dem einen oder den mehreren
Benutzerbefehlen.
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System nach Anspruch 4, bei dem der Benutzerein-
gang eine Zeitbereichs-Eingangsvorrichtung (468)
aufweist, die ausgestaltet ist zum Empfangen einer
Benutzerauswahl eines Zeitbereichs, der mit dem
einen oder den mehreren Herzsignalen und dem ei-
nen oder den mehreren Nervensignalen assoziiert
ist.

System nach einem der vorhergehenden Anspri-
che, bei dem das eine oder die mehreren Herzsig-
nale eine oder mehrere von zumindest einer Herz-
signalkurve (602, 701, 702, 1002), die ein erfasstes
Herzsignal und Herzereignismarkierer (610, 710),
die jeweils reprasentativ fir einen vorbestimmten
Herzereignistyp sind, aufweisen, und die einen oder
mehreren Nervensignale eine oder mehrere von zu-
mindest einer Nervensignalkurve (612), die ein er-
fasstes Nervensignal und Nervenereignismarkierer
(604, 606, 608, 609, 1004) darstellen, die jeweils re-
prasentativ fiir einen vorbestimmten Nervenereigni-
styp sind, aufweisen, wobei die erfassten Herz- und
Nervensignale durch die eine oder die mehreren im-
plantierbaren medizinischen Vorrichtungen erfasst
werden.

System nach Anspruch 6, bei dem die Nervenereig-
nismarkierer solche Nervenereignismarkierer auf-
weisen, die jeweils eine Nervenstimulationsperiode
anzeigen, wahrend der ein Blindel von Nervensti-
mulationsimpulsen geliefert wird.

System nach einem der Anspriiche 6 und 7, bei dem
die Darstellungsvorrichtung ausgestaltet ist zum
gleichzeitigen Darstellen der zumindest einen Herz-
signalkurve und der Nervenereignismarkierer.

System nach einem der Anspriiche 6 und 7, bei dem
die Darstellungsvorrichtung ausgestaltet ist zum
gleichzeitigen Darstellen der zumindest einen Ner-
vensignalkurve und der Herzereignismarkierer.

System nach Anspruch 6, bei dem die Darstellungs-
vorrichtung ausgestaltet ist zum gleichzeitigen Dar-
stellender zumindest einen Herzsignalkurve und der
zumindest einen Nervensignalkurve.

System nach einem der Anspriiche 6 und 7, bei dem
die Darstellungsvorrichtung ausgestaltet ist zum
gleichzeitigen Darstellen der Herzereignismarkierer
und der Nervenereignismarkierer.

System nach einem der vorhergehenden Anspri-
che, weiterhin aufweisend die eine oder die mehre-
ren implantierbaren medizinischen Vorrichtungen,
und bei dem die eine oder die mehreren implantier-
baren medizinischen Vorrichtungen aufweisen:

eine Herzerfassungsschaltung (232) zum Erfas-
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sen der Herzaktivitaten; eine Herzstimulations-
schaltung (234) zum Liefern von Herzstimulati-
onsimpulsen;

eine Nervenerfassungsschaltung (238) zum Er-
fassen der Nervenaktivitaten;

eine Nervenstimulationsschaltung (240) zum
Liefern von Nervenstimulationsimpulsen;

eine Implantatsteuerschaltung (242), die mitder
Herzerfassungsschaltung, der Herzstimulati-
onsschaltung, der Nervenerfassungsschaltung
und der Nervenstimulationsschaltung gekoppelt
ist, um die Daten zu erzeugen, die reprasentativ
fur die Herz- und Nervenaktivitaten enthaltend
die gelieferten Herzstimulationsimpulse und die
gelieferten Nervenstimulationsimpulse sind;
und

eine Implantattelemetrieschaltung (244), die mit
der Implantatsteuerschaltung gekoppelt ist, um
die Daten, die fiir die Herz- und Nervenaktivita-
ten reprasentativ sind, zu senden, und wobei
das eine oder die mehreren Herzsignale repra-
sentativ sind fir zumindest eine der Herzaktivi-
tédten und der gelieferten Herzstimulationsim-
pulse, und dass eine oder mehrere Nervensig-
nale reprasentativ sind fir zumindest eine der
elektrischen Nervenaktivitaten und die geliefer-
ten Nervenstimulationsimpulse.

System nach Anspruch 12, bei dem die eine oder
die mehreren implantierbaren medizinischen Vor-
richtungen eine implantierbare medizinische Vor-
richtung (1780) aufweisen, die zumindest die Herz-
erfassungsschaltung, die Herzstimulationsschal-
tung, die Nervenerfassungsschaltung und die Ner-
venstimulationsschaltung enthélt.

System nach Anspruch 12, bei dem die eine oder
die mehreren implantierbaren medizinischen Vor-
richtungen aufweisen:

eine implantierbare Herzrhythmus-Manage-
mentvorrichtung (1884) enthaltend zumindest
die Herzerfassungsschaltung und die Herzsti-
mulationsschaltung; und

eine implantierbare Nervenstimulationsvorrich-
tung (1882) enthaltend zumindest die Nerven-
erfassungsschaltung und die Nervenstimulati-
onsschaltung.

Verfahren, welches aufweist:

Empfangen von Daten, die reprasentativ sind
fur zeitgestempelte Herzund Nervenaktivitaten,
von einer oder mehreren implantierbaren medi-
zinischen Vorrichtungen, wobei die empfange-
nen Daten ein oder

mehrere intrakardiale Elektrogramme, die Herz-
depolarisationen anzeigen, ein oder mehrere er-
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fasste Nervenverkehrssignale, die einen vege-
tativen Nervenverkehr anzeigen, und Nervener-
eignismarkierer, die Nervenstimulationsperio-
den anzeigen, die jeweils eine Zeitperiode ent-
halten, wahrend der ein Biindel von Nervensti-
mulationsimpulsen geliefert wird, enthalten;
Erzeugen von Herzsignalen, die Herzdepolari-
sationen anzeigen, und

Nervensignalen, die den vegetativen Nerven-
verkehr und die Nervenstimulationsperioden flir
visuelle Darstellung auf der Grundlage der emp-
fangenen Daten enthaltend Zeitstempel fir die
Herz- und Nervenaktivitdten anzeigen;
zeitliches Ausrichten der Herz- und Nervensig-
nale; und

gleichzeitiges Darstellen der zeitlich ausgerich-
teten einen oder mehreren Herzsignale und der
Nervensignale, um eine Beobachtung von Be-
ziehungen zwischen den Herz- und Nervenak-
tivitdten zu erméglichen.

. Verfahren nach Anspruch 15, welches weiterhin auf-
weist:

Empfangen von einem oder mehreren Benutz-
erbefehlen; und

Erzeugen von Herz- und Nervensignalen fiir ei-
ne Darstellung gemafR dem einen oder den meh-
reren Benutzerbefehlen.

Verfahren nach Anspruch 16, bei dem das Empfan-
gen des einen oder der mehreren Benutzerbefehle
das Empfangen eines Benutzerbefehls, der einen
Subsatz der Daten, die reprasentativ fir Herz- und
Nervenaktivitaten sind, die wahrend einer bestimm-
ten Zeitperiode auftreten oder erfasst werden, aus-
wahlt, aufweist.

Verfahren nach einem der Anspriiche 15 bis 17, wel-
ches weiterhin aufweist:

Ableiten eines oder mehrerer physiologischer
Parameter aus den empfangenen Daten; und
gleichzeitiges Darstellen des einen oder der
mehreren physiologischen Parameter mit den
zeitlich ausgerichteten Herz- und Nervensigna-
len.

Verfahren nach einem der Anspriiche 15 bis 18, bei
demdas Darstellen der zeitlich ausgerichteten Herz-
und Nervensignale das Darstellen der zeitlich aus-
gerichteten Herz- und Nervensignale in Echtzeit auf-
weist.

. Verfahren nach einem der Anspriche 15 bis 19, wel-
ches weiterhin aufweist:

Speichern der empfangenen Daten; und



21.

22.

23.

24,

33 EP 1904 171 B1 34

Empfangen einer Darstellungsanforderung, wo-
bei das Darstellen der zeitlich ausgerichteten
Herz- und Nervensignale das Darstellen der
zeitlich ausgerichteten Herz- und Nervensigna-
le als Antwort auf die Darstellungsanforderung
aufweist.

Verfahren nach einem der Anspriiche 15 bis 20, bei
demdas Darstellen der zeitlich ausgerichteten Herz-
und Nervensignale aufweist:

Anzeigen von einer oder mehreren von zumin-
dest einer Herzsignalkurve und Herzereignis-
markierern; und

Anzeigen von einer oder mehreren von zumin-
dest einer Nervensignalkurve und Nervenereig-
nismarkierern.

Verfahren nach einem der Anspriiche 15 bis 21, bei
demdas Darstellen der zeitlich ausgerichteten Herz-
und Nervensignale das Darstellen von Nervenereig-
nismarkierern, die Nervenstimulationsperioden an-
zeigen, die jeweils eine Zeitperiode enthalten, wah-
rend der ein Blindel von Nervenstimulationsimpul-
sen geliefert wird, aufweist.

Verfahren nach Anspruch 22, beidemdas Darstellen
der zeitlich ausgerichteten Herz- und Nervensignale
aufweist:

Anzeigen der Herzereignismarkierer;
Anzeigen des zumindest einen Nervensignals;
und

Anzeigen der Nervenereignismarkierer enthal-
tend die Nervenereignismarkierer, die fur die
Nervenstimulationsperioden anzeigend sind.

Verfahren nach Anspruch 22, beidemdas Darstellen
der zeitlich ausgerichteten Herz- und Nervensignale
aufweist:

Anzeigen des zumindest einen Herzsignals; und
Anzeigen der Nervenereignismarkierer enthal-
ten die Nervenereignismarkierer, die fiir die Ner-
venstimulationsperiode anzeigend sind.

Revendications

Systeme (120) pour présenter des signaux détectés
par un ou plusieurs dispositif(s) médical/médicaux
implantable(s) (110, 1710, 1810), le systeme
comprenant :

un circuit de télémétrie (122, 1922) configuré de
maniere a recevoir des données représentati-
ves d’activités cardiaques et neurales timbrées
temporellement qui sont transmises depuis les

10

15

20

25

30

35

40

45

50

55

18

un ou plusieurs dispositif(s) médical/médicaux
implantable(s), les données regues incluant un
ou plusieurs électrocardiogramme(s) intracar-
diaque(s) indicatif(s) de dépolarisations cardia-
ques, un ou plusieurs signal/signaux de trafic
nerveux détecté(s) indicatif(s) d’un trafic ner-
veux autonome et des marqueurs d’événement
neural indicatifs de périodes de stimulation neu-
rale dont chacune inclut une période temporelle
pendant laquelle une salve d'impulsions de sti-
mulation neurale est délivrée ;

un circuit de commande externe (124) couplé
au circuit de télémétrie, le circuit de commande
externe incluant un contréleur de présentation
(128) adapteé de maniére a produire et a aligner
temporellement un ou plusieurs signal/signaux
cardiaque(s) (602, 610, 701, 702, 710, 1002)
indicatif(s) de dépolarisations cardiaques et des
signaux neuraux (604, 606, 608, 609,612, 1004)
indicatifs du trafic nerveux autonome et les pé-
riodes de stimulation neurale pour une présen-
tation visuelle sur la base des données regues
incluant des timbres temporels pour les activités
cardiaques et neurales ; et

un dispositif de présentation (126, 426, 1926)
couplé au contréleur de présentation, le dispo-
sitif de présentation étant adapté de maniére a
présenter simultanément les un ou plusieurs si-
gnal/signaux cardiaque(s) aligné(s) temporelle-
ment et les signaux neuraux afin de permettre
I'observation de relations entre les activités car-
diaques et neurales.

Systéme selon la revendication 1, dans lequel le dis-
positif de présentation comprend un écran d’afficha-
ge (474).

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le circuit de commande
externe comprend en outre un générateur de para-
meétre physiologique (352) adapté de maniere a dé-
river un ou plusieurs paramétre(s) physiologique(s)
a partir des données regues, et dans lequel le dis-
positif de présentation est en outre adapté de ma-
niere a afficher les un ou plusieurs parametre(s) phy-
siologique(s) (1014) simultanément a I'affichage des
un ou plusieurs signal/signaux cardiaque(s) et des
un ou plusieurs signal/signaux neural/neuraux.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre une entrée utili-
sateur (425) pour recevoir une ou plusieurs com-
mande(s) d'utilisateur, et dans lequel le contréleur
de présentation est adapté de maniére a produire et
a aligner temporellement les un ou plusieurs si-
gnal/signaux cardiaque(s) et les un ou plusieurs si-
gnal/signaux neuraux conformément aux une ou plu-
sieurs commande(s) d'utilisateur.
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Systeme selon la revendication 4, dans lequel I'en-
trée utilisateur comprend un dispositif d’entrée de
plage temporelle (468) adapté de maniére a recevoir
une sélection par utilisateur d’'une plage temporelle
associée au(x) un ou plusieurs signal/signaux car-
diaque(s) et au(x) un ou plusieurs signal/signaux
neuraux.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel les un ou plusieurs si-
gnal/signaux cardiaque(s) comprennent un ou plu-
sieurs tracé(s) pris parmi au moins un tracé de signal
cardiaque (602, 701, 702, 1002) représentant un si-
gnal cardiaque détecté et des marqueurs d’événe-
ment cardiaque (610, 710) dont chacun est repré-
sentatif d’'un événement cardiaque de type predé-
terminé, et les un ou plusieurs signal/signaux neu-
ral/neuraux comprennent un ou plusieurs tracé(s)
pris parmi au moins un tracé de signal neural (612)
représentant un signal neural détecté et des mar-
queurs d’événement neural (604, 606, 608, 609,
1004) dont chacun est représentatif d’'un événement
neural de type prédéterminé, dans lequel les signaux
cardiaques et neuraux détectés sont détectés par
les un ou plusieurs dispositif(s) médical/médicaux
implantable(s).

Systeme selon la revendication 6, dans lequel les
marqueurs d’événement neural comprennent des
marqueurs d’événement neural dont chacun est in-
dicatif d’'une période de stimulation neurale pendant
laquelle une salve d’'impulsions de stimulation neu-
rale est délivrée.

Systeme selon I'une quelconque des revendications
6 et 7, dans lequel le dispositif de présentation est
adapté de maniére a présenter I'au moins un tracé
de signal cardiaque et les marqueurs d’événement
neural simultanément.

Systeme selon I'une quelconque des revendications
6 et 7, dans lequel le dispositif de présentation est
adapté de maniére a présenter I'au moins un tracé
de signal neural et les marqueurs d’événement car-
diaque simultanément.

Systeme selon la revendication 6, dans lequel le dis-
positif de présentation est adapté de maniére a pré-
senter 'au moins un tracé de signal cardiaque etl'au
moins un tracé de signal neural simultanément.

Systeme selon I'une quelconque des revendications
6 et 7, dans lequel le dispositif de présentation est
adapté de maniére a présenter les marqueurs d’évé-
nement cardiaque et les marqueurs d’événement
neural simultanément.

Systeme selon I'une quelconque des revendications
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14.

15.
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précédentes, comprenant en outre les un ou plu-
sieurs dispositif(s) médical/médicaux implanta-
ble(s), dans lequel les un ou plusieurs dispositif(s)
médical/médicaux implantable(s) comprennent :

un circuit de détection cardiaque (232) pour dé-
tecter les activités cardiaques ;

un circuit de stimulation cardiaque (234) pour
délivrer des impulsions de stimulation
cardiaque ;

un circuit de détection neurale (238) pour détec-
ter les activités neurales ;

un circuit de stimulation neurale (240) pour dé-
livrer des impulsions de stimulation neurale ;
un circuit de commande d’implant (242), couplé
au circuit de détection cardiaque, au circuit de
stimulation cardiaque, au circuit de détection
neurale et au circuit de stimulation neurale afin
de produire les données représentatives des ac-
tivités cardiaques et neurales incluant les impul-
sions de stimulation cardiaque délivrées et les
impulsions de stimulation neurale délivrées ; et
un circuit de télémeétrie d’implant (244), couplé
au circuit de commande d’implant, afin de trans-
mettre les données représentatives des activi-
tés cardiaques et neurales, et dans lequel les
un ou plusieurs signal/signaux cardiaque(s)
sont représentatifs d’au moins I'une des activi-
tés cardiaques et des impulsions de stimulation
cardiaque délivrées et les un ou plusieurs si-
gnal/signaux neural/neuraux sontreprésentatifs
d’au moins I'une des activités électriques neu-
rales et des impulsions de stimulation neurale
délivrées.

Systéme selon la revendication 12, dans lequel les
un ou plusieurs dispositif(s) médical/médicaux im-
plantable(s) comprennent un dispositif médical im-
plantable (1780) incluant au moins le circuit de dé-
tection cardiaque, le circuit de stimulation cardiaque,
le circuit de détection neurale et le circuit de stimu-
lation neurale.

Systéme selon la revendication 12, dans lequel les
un ou plusieurs dispositif(s) médical/médicaux im-
plantable(s) comprennent :

un dispositif de gestion de rythme cardiaque im-
plantable (1884) incluant au moins le circuit de
détection cardiaque et le circuit de stimulation
cardiaque ; et

un dispositif de stimulation neurale implantable
(1882) incluant au moins le circuit de détection
neurale et le circuit de stimulation neurale.

Procédé, comprenant :

la réception de données représentatives d’acti-
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vités cardiaques et neurales timbrées temporel-
lement en provenance d’un ou de plusieurs dis-
positif(s) médical/médicaux implantable(s), les
données regues incluant un ou plusieurs élec-
trocardiogramme(s) intracardiaque(s) indica-
tif(s) de dépolarisations cardiaques, un ou plu-
sieurs signal/signaux de trafic nerveux détec-
té(s) indicatif(s) d’un trafic nerveux autonome et
des marqueurs d’événement neural indicatifs de
périodes de stimulation neurale dont chacune
inclut une période temporelle pendant laquelle
une salve d’'impulsions de stimulation neurale
est délivrée ;

la production de signaux cardiaques indicatifs
de dépolarisations cardiaques et de signaux
neuraux indicatifs du trafic nerveux autonome
et des périodes de stimulation neurale pour une
présentation visuelle sur la base des données
recues incluant des timbres temporels pour les
activités cardiaques et neurales ;

I'alignement des signaux cardiaques et neuraux
temporellement ; et

la présentation de fagon simultanée des un ou
plusieurs signal/signaux cardiaque(s) aligné(s)
temporellement et des signaux neuraux afin de
permettre I'observation derelations entre les ac-
tivités cardiaques et neurales.

Procédeé selon la revendication 15, comprenant en
outre :

laréception d’'une ou de plusieurs commande(s)
d’utilisateur ; et

la production de signaux cardiaques et neuraux
pour une présentation conformément aux une
ou plusieurs commande(s) d'utilisateur.

Procédé selon la revendication 16, dans lequel la
réception des une ou plusieurs commande(s) d’uti-
lisateur comprend la réception d’'une commande
d'utilisateur sélectionnant un sous-jeu des données
représentatives d’activités cardiaques et neurales
survenant ou détectées pendant une période tem-
porelle spécifiée.

Procédé selon I'une quelconque des revendications
15 a 17, comprenant en outre :

la dérivation d’'un ou de plusieurs paramétre(s)
physiologique(s) a partir des données regues ;
et

la présentation des un ou plusieurs parame-
tre(s) physiologique(s) simultanément a la preé-
sentation des signaux cardiaques et neuraux ali-
gnés temporellement.

Procédé selon I'une quelconque des revendications
15 a 18, dans lequel la présentation des signaux
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20.

21.

22,

23.

24,
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cardiaques et neuraux alignés temporellement com-
prend la présentation des signaux cardiaques et
neuraux alignés temporellement en temps réel.

Procédé selon 'une quelconque des revendications
15 a 19, comprenant en outre :

le stockage des données regues ; et
laréception d’'une requéte de présentation, dans
lequel la présentation des signaux cardiaques
et neuraux alignés temporellement comprend la
présentation des signaux cardiaques et neuraux
alignés temporellement en réponse alarequéte
de présentation.

Procédé selon 'une quelconque des revendications
15 a 20, dans lequel la présentation des signaux
cardiaques et neuraux alignés temporellement
comprend :

I'affichage d’'un ou de plusieurs d’au moins un
tracé de signal cardiaque et de marqueurs
d’événement cardiaque ; et

I'affichage d’'un ou de plusieurs d’au moins un
tracé de signal neural et de marqueurs d’évé-
nement neural.

Procédé selon 'une quelconque des revendications
15 a 21, dans lequel la présentation des signaux
cardiaques et neuraux alignés temporellement com-
prend la présentation de marqueurs d’événement
neural indicatifs de périodes de stimulation neurale
dont chacune inclut une période temporelle pendant
laquelle une salve d’'impulsions de stimulation neu-
rale est délivrée.

Procédé selon la revendication 22, dans lequel la
présentation des signaux cardiaques et neuraux ali-
gnés temporellement comprend :

I'affichage des d’événement
cardiaque ;
I'affichage de I'au moins un signal neural ; et
I'affichage des marqueurs d’événement neural
incluant les marqueurs d’événement neural in-
dicatifs des périodes de stimulation neurale.

marqueurs

Procédé selon la revendication 22, dans lequel la
présentation des signaux cardiaques et neuraux ali-
gnés temporellement comprend :

I'affichage de 'au moins un signal cardiaque ; et
I'affichage des marqueurs d’événement neural
incluant les marqueurs d’événement neural in-
dicatifs des périodes de stimulation neurale.
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