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(57) ABSTRACT 

An exemplary method includes delivering stimulation 
according to one or more stimulation parameters to cause 
contraction of the diaphragm, monitoring chest activity 
related to respiration and, in response to the monitoring, 
adjusting one or more of the one or more stimulation 

parameters during contraction of the diaphragm and con 
tinuing the delivering. Various other exemplary methods, 
devices, systems, etc., are also disclosed. 
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MULTI-VARIABLE FEEDBACK CONTROL OF 
STIMULATION FOR INSPIRATORY 

FACILITATION 

RELATED APPLICATION 

[0001] This application is related to copending US. patent 
application Ser. No. 10/769,568, ?led Jan. 30, 2004, titled 
“Inspiratory and/or Expiratory Control Using Chemical and/ 
or Mechanical Drive” (Attorney Docket No. A04P1012), 
Which is incorporated by reference herein. 

TECHNICAL FIELD 

[0002] Subject matter presented herein generally relates to 
therapies to treat respiratory issues Wherein the therapies 
include arti?cial diaphragm activation. 

BACKGROUND 

[0003] Intrinsic respiration depends on occurrence of 
many events during a respiratory cycle. Replication of all of 
these events by an in vivo device is impractical. Indeed, 
conventional methods for arti?cial activation of the dia 
phragm typically rely on a ?xed set of parameters that is 
knoWn to stimulate the phrenic nerve and cause abrupt 
inspiration. As such these attempts at in vivo activation of 
the diaphragm to achieve or augment respiration have met 
With limited success in their ability to mimic intrinsic 
respiration. Consequently, a need exists for techniques that 
can more closely mimic intrinsic respiration or achieve more 
desirable respiration. Various methods, devices, systems, 
etc., disclosed herein aim to address this need and/or other 
needs. 

SUMMARY 

[0004] An exemplary method includes delivering stimu 
lation according to one or more stimulation parameters to 
cause contraction of the diaphragm, monitoring chest activ 
ity related to respiration and, in response to the monitoring, 
adjusting one or more of the one or more stimulation 

parameters during contraction of the diaphragm and con 
tinuing the delivering. Various other exemplary methods, 
devices, systems, etc., are also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Features and advantages of the described imple 
mentations can be more readily understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings. 
[0006] FIG. 1 is a simpli?ed diagram illustrating an 
exemplary implantable stimulation device in electrical com 
munication With at least three leads implanted into a 
patient’s heart and at least one other lead for delivering 
stimulation and/or shock therapy. Exemplary devices may 
have lesser leads as Well. 

[0007] FIG. 2 is a functional block diagram of an exem 
plary implantable stimulation device illustrating basic ele 
ments that are con?gured to provide cardioversion, de?bril 
lation, pacing stimulation and/or autonomic nerve 
stimulation or other tissue and/or nerve stimulation. The 
implantable stimulation device is further optionally con?g 
ured to measure position and/or movement. 
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[0008] FIG. 3 is an approximate anatomical diagram that 
includes an exemplary implantable stimulation device 
capable of implementing some degree of respiratory control. 

[0009] FIG. 4 is a plot of exemplary inspiratory ?oW 
patterns from intrinsic and phrenic nerve stimulation (PNS). 

[0010] FIG. 5 is a series of plots that include data of 
inspiratory How and lung volume versus time for stimulation 
delivered using a variety of stimulation parameters. 

[0011] FIG. 6 is a block diagram of an exemplary closed 
loop control method, device and/or system. 

[0012] FIG. 7 is a plot of an exemplary control function 
in a frequency and voltage parameter space. 

[0013] FIG. 8 is a series of Waveforms corresponding 
approximately to the exemplary control function of the plot 
of FIG. 7. 

[0014] FIG. 9 is a plot of various exemplary control 
functions With respect to time in a frequency and voltage 
parameter space. 

[0015] FIG. 10 is a plot of various exemplary control 
functions With respect to activity in a frequency and voltage 
parameter space. 

[0016] FIG. 11 is a plot of an exemplary control function 
and a corresponding control envelope in a frequency and 
voltage parameter space. 

[0017] FIG. 12 is a series of plots of an exemplary control 
scheme that includes an intrinsic target and changes in 
poWer that aim to minimiZe error betWeen information 
related to actual inspiration and the intrinsic target. 

[0018] FIG. 13 is a block diagram of various exemplary 
control scenarios that include a sensor circuit, control logic 
and a pulse generator. 

[0019] FIG. 14 is a block diagram of an exemplary 
method for controlling inspiration. 

DETAILED DESCRIPTION 

[0020] The folloWing description includes the best mode 
presently contemplated for practicing the described imple 
mentations. This description is not to be taken in a limiting 
sense, but rather is made merely for the purpose of describ 
ing the general principles of the implementations. The scope 
of the described implementations should be ascertained With 
reference to the issued claims. 

OvervieW 

[0021] Arti?cial or applied diaphragm activation may be 
achieved via phrenic nerve stimulation, diaphragm stimula 
tion and/or other tissue stimulation. Arti?cial or applied 
diaphragm activation can augment and/or act as a replace 
ment to intrinsic means of diaphragm activation. As 
described herein, such applied diaphragm activation may be 
adjusted in a given parameter space or dimension to more 
closely mimic intrinsic inspiration and/or an inspiratory 
target. Further, a variety of targets may exist for a given 
patient Wherein each target corresponds to a particular 
activity. Various exemplary methods, devices, systems, etc., 
optionally use or include feedback or closed-loop control in 
an effort to control inspiration. Various exemplary methods, 
devices, systems, etc., optionally learn over time and may 
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use learned information to discriminate normal inspiration 
and/or changes in patient state. 

Exemplary Stimulation Device 

[0022] The techniques described beloW are intended to be 
implemented in connection With any stimulation device that 
is con?gured or con?gurable to stimulate nerves, stimulate 
muscle tissue and/or stimulate and/or shock a patient’s heart 
(e.g., myocardial muscle tissue). 
[0023] FIG. 1 shoWs an exemplary stimulation device 100 
in electrical communication With a patient’s heart 102 by 
Way of three leads 104, 106, 108, suitable for delivering 
multi-chamber stimulation and shock therapy. The leads 
104, 106, 108 are optionally con?gurable for delivery of 
stimulation pulses suitable for stimulation of nerves (e.g., 
autonomic nerves, phrenic nerves, etc.) and/or muscle tissue 
other than myocardial tissue. In addition, the device 100 
includes a fourth lead 110 having, in this implementation, 
three electrodes 144, 144‘, 144“ suitable for stimulation of 
nerves (e.g., autonomic nerves, phrenic nerves, etc.) and/or 
muscle and/or detection of other physiologic signals that 
may be used by the implanted system to modify stimulation 
parameters. The lead 110 may be positioned in and/or near 
a patient’s heart, near a nerve (e.g., an autonomic nerve, a 
phrenic nerve, etc.) or near muscle tissue other than myo 
cardial tissue Within a patient’s body and remote from the 
heart. The right atrial lead 104, as the name implies, is 
positioned in and/or passes through a patient’s right atrium. 
The right atrial lead 104 optionally senses atrial cardiac 
signals and/or provide right atrial chamber stimulation 
therapy. As shoWn in FIG. 1, the stimulation device 100 is 
coupled to an implantable right atrial lead 104 having, for 
example, an atrial tip electrode 120, Which typically is 
implanted in the patient’s right atrial appendage. The lead 
104, as shoWn in FIG. 1, also includes an atrial ring 
electrode 121. Of course, the lead 104 may have other 
electrodes as Well. For example, the right atrial lead option 
ally includes a distal bifurcation having electrodes suitable 
for stimulation of nerves and/or muscle tissue. 

[0024] To sense atrial cardiac signals, ventricular cardiac 
signals and/or to provide chamber pacing therapy, particu 
larly on the left side of a patient’s heart, the stimulation 
device 100 is coupled to a coronary sinus lead 106 designed 
for placement in the coronary sinus and/or tributary veins of 
the coronary sinus. Thus, the coronary sinus lead 106 is 
optionally suitable for positioning at least one distal elec 
trode adjacent to the left ventricle and/or additional elec 
trode(s) adjacent to the left atrium. In a normal heart, 
tributary veins of the coronary sinus include, but may not be 
limited to, the great cardiac vein, the left marginal vein, the 
left posterior ventricular vein, the middle cardiac vein, and 
the small cardiac vein. 

[0025] Accordingly, an exemplary coronary sinus lead 106 
is optionally designed to receive atrial and ventricular car 
diac signals and to deliver left ventricular pacing therapy 
using, for example, at least a left ventricular tip electrode 
122, left atrial pacing therapy using at least a left atrial ring 
electrode 124, and shocking therapy using at least a left 
atrial coil electrode 126. For a complete description of a 
coronary sinus lead, the reader is directed to US. Pat. No. 
5,466,254, “Coronary Sinus Lead With Atrial Sensing Capa 
bility” (Helland), Which is incorporated herein by reference. 
The coronary sinus lead 106 further optionally includes 
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electrodes for stimulation of autonomic nerves, other nerves 
and/or tissue. Such a lead may include cardiac pacing, nerve 
and/or muscle stimulation functionality and may further 
include bifurcations or legs. For example, an exemplary 
coronary sinus lead includes pacing electrodes capable of 
delivering pacing pulses to a patient’s left ventricle and at 
least one electrode capable of stimulating a nerve (e.g., 
autonomic nerve, a phrenic nerve, etc.) and/or other tissue. 

[0026] The stimulation device 100 is also shoWn in elec 
trical communication With the patient’s heart 102 by Way of 
an implantable right ventricular lead 108 having, in this 
exemplary implementation, a right ventricular tip electrode 
128, a right ventricular ring electrode 130, a right ventricular 
(RV) coil electrode 132, and an SVC coil electrode 134. 
Typically, the right ventricular lead 108 is transvenously 
inserted into the heart 102 to place the right ventricular tip 
electrode 128 in the right ventricular apex so that the RV coil 
electrode 132 Will be positioned in the right ventricle and the 
SVC coil electrode 134 Will be positioned in the superior 
vena cava. Accordingly, the right ventricular lead 108 is 
capable of sensing or receiving cardiac signals, and deliv 
ering stimulation in the form of pacing and shock therapy to 
the right ventricle. An exemplary right ventricular lead may 
also include at least one electrode capable of stimulating a 
nerve and/or other tissue; such an electrode may be posi 
tioned on the lead or a bifurcation or leg of the lead. For 
example, an exemplary right ventricular lead includes pac 
ing electrodes capable of delivering pacing pulses to a 
patient’s left ventricle and at least one electrode capable of 
stimulating a nerve (e.g., autonomic nerve, a phrenic nerve, 
etc.) and/or other tissue. 

[0027] FIG. 2 shoWs an exemplary, simpli?ed block dia 
gram depicting various components of stimulation device 
100. The stimulation device 100 can be capable of treating 
both fast and sloW arrhythmias With stimulation therapy, 
including cardioversion, de?brillation, and pacing stimula 
tion. The stimulation device can be solely or further capable 
of delivering stimuli to nerves (e.g., autonomic nerves, 
phrenic nerves, etc.) and/or muscle tissues. While a particu 
lar multi-chamber device is shoWn, it is to be appreciated 
and understood that this is done for illustration purposes 
only. Thus, the techniques and methods described beloW can 
be implemented in connection With any suitably con?gured 
or con?gurable stimulation device. Accordingly, one of skill 
in the art could readily duplicate, eliminate, or disable the 
appropriate circuitry in any desired combination to provide 
a device capable of treating the appropriate chamber(s) or 
regions of a patient’s heart With cardioversion, de?brillation, 
pacing stimulation, and/or autonomic nerve stimulation and/ 
or treating respiratory issues via cardiac, nerve and/or 
muscle stimulation. 

[0028] Housing 200 for stimulation device 100 is often 
referred to as the “can”, “case” or “case electrode”, and may 
be programmably selected to act as the return electrode for 
all “unipolar” modes. Housing 200 may further be used as 
a return electrode alone or in combination With one or more 

of the coil electrodes 126, 132 and 134 for shocking pur 
poses. Housing 200 further includes a connector (not shoWn) 
having a plurality of terminals 201, 202, 204, 206, 208, 212, 
214, 216, 218, 221 (shoWn schematically and, for conve 
nience, the names of the electrodes to Which they are 
connected are shoWn next to the terminals). 
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[0029] To achieve right atrial sensing, pacing and/or auto 
nomic stimulation, the connector includes at least a right 
atrial tip terminal (AR TIP) 202 adapted for connection to 
the atrial tip electrode 120. A right atrial ring terminal (AR 
RING) 201 is also shoWn, Which is adapted for connection 
to the atrial ring electrode 121. To achieve left chamber 
sensing, pacing, shocking, and/or autonomic stimulation, the 
connector includes at least a left ventricular tip terminal (VL 
TIP) 204, a left atrial ring terminal (AL RING) 206, and a left 
atrial shocking terminal (AL COIL) 208, Which are adapted 
for connection to the left ventricular tip electrode 122, the 
left atrial ring electrode 124, and the left atrial coil electrode 
126, respectively. Connection to suitable nerve and/or 
muscle stimulation electrodes is also possible via these 
and/or other terminals (e.g., via a stimulation terminal S 
ELEC 221). 

[0030] To support right chamber sensing, pacing, shock 
ing, and/or autonomic nerve stimulation, the connector 
further includes a right ventricular tip terminal (VR TIP) 
212, a right ventricular ring terminal (VR RING) 214, a right 
ventricular shocking terminal (RV COIL) 216, and a supe 
rior vena cava shocking terminal (SVC COIL) 218, Which 
are adapted for connection to the right ventricular tip elec 
trode 128, right ventricular ring electrode 130, the RV coil 
electrode 132, and the SVC coil electrode 134, respectively. 
Connection to suitable nerve and/or muscle stimulation 
electrodes is also possible via these and/or other terminals 
(e.g., via the stimulation terminal S ELEC 221). 

[0031] At the core of the stimulation device 100 is a 
programmable microcontroller 220 that controls the various 
modes of stimulation therapy. As is Well knoWn in the art, 
microcontroller 220 typically includes a microprocessor, or 
equivalent control circuitry, designed speci?cally for con 
trolling the delivery of stimulation therapy, and may further 
include RAM or ROM memory, logic and timing circuitry, 
state machine circuitry, and I/O circuitry. Typically, micro 
controller 220 includes the ability to process or monitor 
input signals (data or information) as controlled by a pro 
gram code stored in a designated block of memory. The type 
of microcontroller is not critical to the described implemen 
tations. Rather, any suitable microcontroller 220 may be 
used that carries out the functions described herein. The use 
of microprocessor-based control circuits for performing 
timing and data analysis functions are Well knoWn in the art. 

[0032] Representative types of control circuitry that may 
be used in connection With the described embodiments can 
include the microprocessor-based control system of US. 
Pat. No. 4,940,052 (Mann et al.), the state-machine of US. 
Pat. No. 4,712,555 (Thornander et al.) and US. Pat. No. 
4,944,298 (Sholder), all of Which are incorporated by ref 
erence herein. For a more detailed description of the various 
timing intervals used Within the stimulation device and their 
inter-relationship, see US. Pat. No. 4,788,980 (Mann et al.), 
also incorporated herein by reference. 

[0033] FIG. 2 also shoWs an atrial pulse generator 222 and 
a ventricular pulse generator 224 that generate pacing stimu 
lation pulses for delivery by the right atrial lead 104, the 
coronary sinus lead 106, and/or the right ventricular lead 108 
via an electrode con?guration sWitch 226. It is understood 
that in order to provide stimulation therapy in each of the 
four chambers of the heart (or to nerves and/or other muscle 
tissue) the atrial and ventricular pulse generators, 222 and 
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224, may include dedicated, independent pulse generators, 
multiplexed pulse generators, or shared pulse generators. 
The pulse generators 222 and 224 are controlled by the 
microcontroller 220 via appropriate control signals 228 and 
230, respectively, to trigger or inhibit the stimulation pulses. 

[0034] Microcontroller 220 further includes timing control 
circuitry 232 to control the timing of the stimulation pulses 
(e.g., pacing rate, atrio-ventricular (AV) delay, interatrial 
conduction (A-A) delay, or interventricular conduction 
(V-V) delay, etc.) as Well as to keep track of the timing of 
refractory periods, blanking intervals, noise detection Win 
doWs, evoked response WindoWs, alert intervals, marker 
channel timing, etc., Which is Well knoWn in the art. 

[0035] Microcontroller 220 further includes, for example, 
an arrhythmia detector 234, a morphology discrimination 
module 236, a capture detection and/or autosensitivity mod 
ule 237, a minute ventilation (MV) response module 238 and 
a respiratory analysis and/or response module 239. These 
components can be utiliZed by the stimulation device 100 for 
determining desirable times to administer various therapies. 
The aforementioned components may be implemented in 
hardWare as part of the microcontroller 220, or as softWare/ 
?rmWare instructions programmed into the device and 
executed on the microcontroller 220 during certain modes of 
operation. Various exemplary methods described herein are 
optionally implemented as logic, Which may be embodied in 
softWare and/or hardWare. 

[0036] The electronic con?guration sWitch 226 includes a 
plurality of sWitches for connecting the desired electrodes to 
the appropriate I/O circuits, thereby providing complete 
electrode programmability. Accordingly, sWitch 226, in 
response to a control signal 242 from the microcontroller 
220, determines the polarity of the stimulation pulses (e.g., 
unipolar, bipolar, etc.) by selectively closing the appropriate 
combination of sWitches (not shoWn) as is knoWn in the art. 

[0037] Atrial sensing circuits 244 and ventricular sensing 
circuits 246 may also be selectively coupled to the right 
atrial lead 104, coronary sinus lead 106, and the right 
ventricular lead 108, through the sWitch 226 for detecting 
the presence of cardiac activity in each of the four chambers 
of the heart. Accordingly, the atrial (ATR. SENSE) and 
ventricular (VTR. SENSE) sensing circuits, 244 and 246, 
may include dedicated sense ampli?ers, multiplexed ampli 
?ers, or shared ampli?ers. SWitch 226 determines the “sens 
ing polarity” of the cardiac signal by selectively closing the 
appropriate sWitches, as is also knoWn in the art. In this Way, 
the clinician may program the sensing polarity independent 
of the stimulation polarity. The sensing circuits (e.g., 244 
and 246) are optionally capable of obtaining information 
indicative of tissue capture. The sensing circuits 244, 246, 
via sWitches, etc., may also be used to sense information 
related to respiration (e.g., chest movement monitoring, 
etc.). 
[0038] Each sensing circuit 244 and 246 preferably 
employs one or more loW poWer, precision ampli?ers With 
programmable gain and/or automatic gain control, bandpass 
?ltering, and a threshold detection circuit, as knoWn in the 
art, to selectively sense the cardiac signal of interest. The 
automatic gain control enables the device 100 to deal 
effectively With the difficult problem of sensing the loW 
amplitude signal characteristics of atrial or ventricular ?bril 
lation. 
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[0039] The outputs of the atrial and ventricular sensing 
circuits 244 and 246 are connected to the microcontroller 
220, Which, in turn, is able to trigger or inhibit the atrial and 
ventricular pulse generators 222 and 224, respectively, in a 
demand fashion in response to the absence or presence of 
cardiac activity in the appropriate chambers of the heart. 
Furthermore, as described herein, the microcontroller 220 is 
also capable of analyZing information output from the 
sensing circuits 244 and 246 and/or the data acquisition 
system 252 to determine or detect Whether and to What 
degree tissue capture has occurred and to program a pulse, 
or pulses, in response to such determinations. The sensing 
circuits 244 and 246, in turn, receive control signals over 
signal lines 248 and 250 from the microcontroller 220 for 
purposes of controlling the gain, threshold, polariZation 
charge removal circuitry (not shoWn), and the timing of any 
blocking circuitry (not shoWn) coupled to the inputs of the 
sensing circuits, 244 and 246, as is knoWn in the art. 

[0040] For arrhythmia detection, the device 100 utiliZes 
the atrial and ventricular sensing circuits, 244 and 246, to 
sense cardiac signals to determine Whether a rhythm is 
physiologic or pathologic. Other features for arrhythmia 
detection, con?rmation, etc. are discussed beloW and may be 
suitable as appropriate. In reference to arrhythmias, as used 
herein, “sensing” is reserved for the noting of an electrical 
signal or obtaining data (information), and “detection” is the 
processing (analysis) of these sensed signals and noting the 
presence of an arrhythmia. The timing intervals betWeen 
sensed events (e.g., P-Waves, R-Waves, and depolarization 
signals associated With ?brillation Which are sometimes 
referred to as “F-Waves” or “Fib-Waves”) are then classi?ed 
by the arrhythmia detector 234 of the microcontroller 220 by 
comparing them to a prede?ned rate Zone limit (i.e., brady 
cardia, normal, loW rate VT, high rate VT, and ?brillation 
rate Zones) and various other characteristics (e.g., sudden 
onset, stability, physiologic sensors, and morphology, etc.) 
in order to determine the type of remedial therapy that is 
needed (e.g., bradycardia pacing, anti-tachycardia pacing, 
cardioversion shocks or de?brillation shocks, collectively 
referred to as “tiered therapy”). Similar rules can be applied 
to the atrial channel to determine if there is an atrial 
tachyarrhythmia or atrial ?brillation With appropriate clas 
si?cation and intervention. 

[0041] Nerve, muscle and/or cardiac signals are also 
optionally applied to inputs of an analog-to-digital (A/D) 
data acquisition system 252. The data acquisition system 
252 is, for example, con?gured to acquire intracardiac 
electrogram signals, convert the raW analog data into a 
digital signal, and store the digital signals for later process 
ing and/or telemetric transmission to an external device 254. 
The data acquisition system 252 is coupled to the right atrial 
lead 104, the coronary sinus lead 106, the right ventricular 
lead 108 and/or the nerve and/or muscle stimulation lead 
through the sWitch 226 to sample signals across any of 
desired electrode (e.g., unipolar) or electrodes (e.g., multi 
polar). 
[0042] The microcontroller 220 is further coupled to a 
memory 260 by a suitable data/address bus 262, Wherein the 
programmable operating parameters used by the microcon 
troller 220 are stored and modi?ed, as required, in order to 
customiZe the operation of the stimulation device 100 to suit 
the needs of a particular patient. Such operating parameters 
de?ne, for example, pacing pulse amplitude, pulse duration, 
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electrode polarity, rate, sensitivity, automatic features, 
arrhythmia detection criteria, and the amplitude, Waveshape, 
number of pulses, and vector of each shocking pulse to be 
delivered to the patient’s heart 102 Within each respective 
tier of therapy. One feature of the described embodiments is 
the ability to sense and store a relatively large amount of data 
(e.g., from the data acquisition system 252), Which data may 
then be used for subsequent analysis to guide the program 
ming of the device. 

[0043] Advantageously, the operating parameters of the 
implantable device 100 may be non-invasively programmed 
into the memory 260 through a telemetry circuit 264 in 
telemetric communication via communication link 266 With 
the external device 254, such as a programmer, transtele 
phonic transceiver, or a diagnostic system analyZer. The 
microcontroller 220 activates the telemetry circuit 264 With 
a control signal 268. The telemetry circuit 264 advanta 
geously alloWs intracardiac electrograms and status infor 
mation relating to the operation of the device 100 (as 
contained in the microcontroller 220 or memory 260) to be 
sent to the external device 254 through an established 
communication link 266. 

[0044] The stimulation device 100 can further includes 
one or more physiologic sensors 270. For example, a physi 
ologic sensor commonly referred to as a “rate-responsive” 
sensor is optionally included and used to adjust pacing 
stimulation rate according to the exercise state of the patient. 
HoWever, one or more of the physiologic sensors 270 may 
further be used to detect changes in cardiac output (see, e. g., 
US. Pat. No. 6,314,323, entitled “Heart stimulator deter 
mining cardiac output, by measuring the systolic pressure, 
for controlling the stimulation”, to EkWall, issued Nov. 6, 
2001, Which discusses a pressure sensor adapted to sense 
pressure in a right ventricle and to generate an electrical 
pressure signal corresponding to the sensed pressure, an 
integrator supplied With the pressure signal Which integrates 
the pressure signal betWeen a start time and a stop time to 
produce an integration result that corresponds to cardiac 
output), changes in the physiological condition of the heart, 
diurnal changes in activity (e.g., detecting sleep and Wake 
states), etc. Accordingly, the microcontroller 220 responds 
by adjusting the various pacing parameters (such as rate, AV 
Delay, V-V Delay, etc.) at Which the atrial and ventricular 
pulse generators, 222 and 224, generate stimulation pulses. 

[0045] While shoWn as being included Within the stimu 
lation device 100, it is to be understood that the one or more 
physiologic sensors 270 may also be external to the stimu 
lation device 100, yet still be implanted Within or carried by 
the patient. 

[0046] In particular, the one or more physiologic sensors 
270 optionally include a position and/or movement sensor 
mounted Within the housing 200 of the stimulation device 
100 to detect movement in the patient’s position or the 
patient’s position. Such a sensor may operate in conjunction 
With a position and/or movement analysis module (e.g., 
executable in conjunction With the microcontroller 220). 
The position and/or movement sensor may be implemented 
in many Ways. In one particular implementation, the position 
sensor is implemented as an accelerometer-based sensor 

capable of measuring acceleration, position, etc. For 
example, such a sensor may be capable of measuring 
dynamic acceleration and/or static acceleration. In general, 
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movement of the patient Will result in a signal from the 
accelerometer. For example, such an accelerometer-based 
sensor can provide a signal to the microcontroller 220 that 
can be processed to indicate that the patient is undergoing 
heightened physical exertion, moving directionally upWards 
or doWnWards, etc. 

[0047] Further, depending on position of the implanted 
device and such a movement sensor, the sensor may measure 
or monitor chest movement indicative of respiratory char 
acteristics. For example, for a typical implant in the upper 
chest, upon inspiration, the upper chest expands thereby 
causing the implanted device to move. Accordingly, upon 
expiration, the contraction of the upper chest causes the 
device to move again. Such a movement sensor may sense 
information capable of distinguishing Whether a patient is 
horiZontal, vertical, etc. 

[0048] While respiratory information may be obtained via 
the one or more physiologic sensors 270, the aforemen 
tioned minute ventilation (MV) sensor 238 may sense res 
piratory information related to minute ventilation, Which is 
de?ned as the total volume of air that moves in and out of 
a patient’s lungs in a minute. A typical MV sensor uses 
thoracic impedance, Which is a measure of impedance across 
the chest cavity Wherein lungs ?lled With air have higher 
impedance than empty lungs. Thus, upon inhalation, imped 
ance increases; Whereas upon exhalation, impedance 
decreases. Of course, a thoracic impedance may be used to 
determine tidal volume or measures other than minute 
ventilation. 

[0049] With respect to impedance measurement electrode 
con?gurations, a right ventricular tip electrode and case 
electrode may provide current While a right ventricular ring 
electrode and case electrode may alloW for potential sensing. 
Of course, other con?gurations and/or arrangements may be 
used to acquire measurements over other paths (e.g., a 
superior-inferior path and a left-right path, etc.). Multiple 
measurements may be used Wherein each measurement has 
a corresponding path. 

[0050] Direct measurement of phrenic nerve activity may 
be achieved using a cuff or other suitable electrode appro 
priately positioned in relationship to a phrenic nerve. For 
example, a cuff electrode substantially surrounding the right 
phrenic nerve in the thoracic cavity can detect signals 
indicative of intrinsic respiratory drive (at least to the right 
hemidiaphragm). Such signals are typically of amplitude 
measured in microvolts (e.g., less than approximately 30 
microvolts). Sensing may be coordinated With other events, 
Whether natural event or events related to some form of 
stimulation therapy. As discussed herein, some degree of 
synchroniZation may occur betWeen calling for and/or deliv 
ering stimulation for diaphragm activation and sensing of 
neural activity and/or other indicators of respiration and, in 
particular, inspiration. 

[0051] While respiratory characteristics are optionally 
measured With a signal such as a thoracic impedance signal, 
alternatively or in addition to, central respiratory drive is 
optionally determined via sensing of phrenic nerve activity. 
In one example, phrenic nerve (e.g., right and/or left phrenic 
nerve) activity is sensed using one or more electrodes on or 
proximate to the phrenic nerve. In another example, dia 
phragmatic myopotentials are sensed (e.g., EMG, etc.) using 
one or more electrodes on or proximate to the diaphragm. 
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Plethysmography may be used in measuring any of a variety 
of variables that related to respiration. 

[0052] Other means for detection include measuring the 
intrathoracic pressure associated With respiration or from 
stress and/or strain gauges measuring changes in the dimen 
sions of the thoracic cavity including the lungs. Respiratory 
information may also be inferred by sensing information that 
relates to mechanisms altered by respiration. For example, 
body chemistry varies in response to respiration. Hence, 
chemical parameters such as tissue or blood pH, PCO2, O2, 
PO2 may be sensed and either used to infer, con?rm and/or 
augment other respiratory information. 

[0053] Signals generated by the one or more physiologic 
sensors 270 and/or the MV sensor 238 or impedance sensor 
are optionally processed by the microcontroller 220 in 
determining Whether to apply one or more therapies. 

[0054] More speci?cally, With respect to a movement 
sensor, the microcontroller 220 may receive a signal from an 
accelerometer-based sensor that may be processed to pro 
duce an acceleration component along a vertical axis (i.e., 
Z-axis signal). This acceleration component may be used to 
determine Whether there is an increased or decreased level of 
activity in the patient, etc. The microcontroller 220 option 
ally integrates such a signal over time to produce a velocity 
component along the vertical direction. The vertical velocity 
may be used to determine a patient’s position/activity 
aspects as Well, such as Whether the patient is going upstairs 
or downstairs. If the patient is going upstairs, the microcon 
troller 220 may increase the pacing rate or invoke an 
orthostatic compensator to apply a prescribed stimulation 
therapy, especially at the onset. If the patient is traversing 
doWnstairs, the device might decrease a pacing rate or 
perhaps invoke the MV response module to control one or 
more therapies during the descent. The MV response module 
may provide information to be used in determining a suit 
able pacing rate by, for example, measuring the thoracic 
impedance from the MV sensor 238, computing the current 
MV, and comparing that With a long-term average of MV. As 
described herein, MV information and/or other sensed infor 
mation may be used to determine an appropriate respiratory 
therapy. 
[0055] The microcontroller 220 can also monitor one or 
more of the sensor signals for any indication that the patient 
has moved from a supine position to a prone or upright 
position. For example, the integrated velocity signal com 
puted from the vertical acceleration component of the sensor 
data may be used to determine that the patient has just stood 
up from a chair or sat up in bed. A sudden change in the 
vertical signal (e.g., a positive change in a direction normal 
to the surface of the earth), particularly folloWing a pro 
longed period With little activity While the patient is sleeping 
or resting, con?rms that a posture-changing event occurred. 
The microcontroller 220 optionally uses this information as 
one potential condition for deciding Whether to invoke, for 
example, an orthostatic compensator to apply cardiac pacing 
therapy for treating orthostatic hypotension. Other uses are 
described in more detail beloW. 

[0056] While a tWo-axis accelerometer may adequately 
detect tilt With respect to acceleration of gravity, the exem 
plary stimulation device 100 may also or alternatively be 
equipped With a GMR (giant magnetoresistance) sensor and 
circuitry that detects the earth’s magnetic ?elds. Such a 














