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(57) ABSTRACT 

Systems and methods provide for gathering of patient related 
data during non-sleep periods and modulating a therapy 
delivered to the patient during sleep using the gathered data. 
Data associated with a patient is gathered while the patient is 
awake. A therapy delivered to the patient during patient sleep 
is adjusted using the acquired data. The therapy delivered to 
the patient may include one or more of a respiratory therapy, 
such as a positive airway pressure (xPAP) therapy, a sleep 
disordered breathing therapy, a cardiac rhythm management 
therapy, such as a cardiac overdrive pacing therapy, a medi-
cation therapy, or a drug delivery therapy. The therapy deliv-
ered to the patient may be optimized using the acquired data. 
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SYSTEM AND METHOD FOR MODERATING 
A THERAPY DELIVERED DURING SLEEP 
USING PHYSIOLOGIC DATA ACQUIRED 

DURING NON-SLEEP 

RELATED PATENT DOCUMENTS 

This application claims the benefit of Provisional Patent 
Application Ser. No. 60/504,709, filed on Sep. 18, 2003, to 
which priority is claimed pursuant to 35 U.S.C. §119(e) and 
which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to medical systems 
and methods, and more particularly, to medical systems and 
methods that use data acquired during non-sleep to moderate 
therapy delivered during sleep. 

BACKGROUND OF THE INVENTION 

Disordered breathing refers to a wide spectrum of respira-
tory conditions that involve disruption of the normal respira-
tory cycle. Although disordered breathing typically occurs 
during sleep, the condition may also occur while the patient is 
awake. Unfortunately, disordered breathing is often undiag-
nosed. If left untreated, the effects of disordered breathing 
may result in serious health consequences for the patient. 

Apnea is a fairly common breathing disorder characterized 
by periods of interrupted breathing. Apnea is typically clas-
sified based on its etiology. One type of apnea, denoted 
obstructive apnea, occurs when the patient's airway is 
obstructed by the collapse of soft tissue in the rear of the 
throat. Central apnea is caused by a derangement of the cen-
tral nervous system control of respiration. The patient ceases 
to breathe when control signals from the brain to the respira-
tory muscles are absent or interrupted. Mixed apnea is a 
combination of the central and obstructive apnea types. 
Regardless of the type of apnea, people experiencing an apnea 
event stop breathing for a period of time. The cessation of 
breathing may occur repeatedly during sleep, sometimes hun-
dreds of times a night and sometimes for a minute or longer. 

In addition to apnea, other types of disordered respiration 
have been identified, including hypopnea (shallow breath-
ing), tachypnea (rapid breathing), hyperpnea (heavy breath-
ing), and dyspnea (labored breathing). Combinations of the 
respiratory disorders described above may be observed, 
including, for example, periodic breathing and Cheyne-
Stokes breathing. Periodic breathing is characterized by 
cyclic respiratory patterns that may exhibit rhythmic rises and 
falls in tidal volume. Cheyne-Stokes respiration is a specific 
form of periodic breathing wherein the tidal volume 
decreases to zero resulting in apneic intervals. The breathing 
interruptions of periodic breathing and CSR may be associ-
ated with central apnea, or may be obstructive in nature. CSR 
is frequently observed in patients with congestive heart fail-
ure (CHF) and is associated with an increased risk of accel-
erated CHF progression. Because of the cardiovascular impli-
cations, therapy for respiration-related sleep disorders is of 
particular interest. 

Disordered breathing affects a significant percentage of 
people. Sleep disordered breathing is particularly prevalent 
and is associated with excessive daytime sleepiness, systemic 
hypertension, increased risk of stroke, angina and myocardial 
infarction. Respiratory disruption may be particularly serious 

2 
for patients concurrently suffering from cardiovascular defi-
ciencies, such as congestive heart failure. 

Snoring may indicate the presence of sleep disordered 
breathing. Snoring has been correlated with obstructive sleep 

5 apnea. Collapse of the soft tissue in the upper airway during 
an apnea event causes the airway to vibrate, resulting in 
snoring. Furthermore, snoring may be correlated to hyperten-
sion caused by frequent arousals from sleep, reductions in 

10 
oxygen saturation, and/or increases in thoracic pressure. 
Thus, detection of frequent snoring may aid in the diagnosis 
of patients at risk for hypertension. 

Nighttime snoring may cause an increase in inspiratory 
effort and reduction in tidal volume, leading to frequent 

15 arousals from sleep. Frequent arousals from sleep lead to 
sleep fragmentation, separate from any underlying disor-
dered breathing. Sleep fragmentation leads to fatigue and 
sleepiness. 

20 SUMMARY OF THE INVENTION 

The present invention is directed to systems and methods 
for gathering patient related data during non-sleep periods 

25 and modulating a therapy delivered to the patient during sleep 
using the gathered data. According to one approach, data 
associated with a patient is gathered while the patient is 
awake. A therapy delivered to the patient during patient sleep 
is adjusted using the acquired data. The therapy includes one 

30 or both of a respiratory therapy and a therapy to treat a 
sleep-related disorder. 

For example, the therapy delivered to the patient may 
include one or more of a respiratory therapy, such as a positive 
airway pressure (xPAP) therapy, a sleep disordered breathing 

35 therapy, a cardiac rhythm management therapy, such as a 
cardiac overdrive pacing therapy, a medication therapy, or a 
drug delivery therapy. 

The therapy delivered to the patient may be optimized 
40 using the acquired data. For example, therapy adjustment 

and/or optimization may involve performing therapy titration 
using the acquired data. 

A pathological condition may also be detected using the 
acquired data. A rate of change in the pathological condition 

45 may be computed and evaluated. In one approach, a patho-
logical condition may be detected using the acquired data, 
and a therapy delivered to the patient may be adjusted in 
response to the detected pathological condition. 

50 The acquired data may include one or more of the follow-
ing: respiratory data, breathing pattern data, breathing rate 
data, transthoracic impedance data, heart rate data, heart rate 
variability (HRV) data, PR interval data, cardiac arrhythmia 
data, patient activity data, cardiac sound data or pulmonary 

55 sound data, contextual data impacting the patient, glucose 
level data, autonomic nervous system activity data, medica-
tion use data, blood pressure data, blood oxygen level data, 
and/or symptom-based data. Contextual data may include 
environmental parameters, examples of which include tem-

60 perature, humidity, pollution, barometric pressure, and body 
related parameters such as posture and location. 

While the invention is amenable to various modifications 
and alternative forms, specifics thereof have been shown by 
way of example in the drawings and will be described in detail 

65 below. It is to be understood, however, that the intention is not 
to limit the invention to the particular embodiments 
described. On the contrary, the invention is intended to cover 
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all modifications, equivalents, and alternatives falling within 
the scope of the invention as defined by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B, and 1C are block diagrams of systems 
providing diurnal data collection to aid nocturnal therapy and 
diagnosis of sleep disorders in accordance with embodiments 
of the invention; 

FIG. 2 is a flow chart illustrating of method of moderating 
sleep therapy using data acquired during non-sleep in accor-
dance with embodiments of the present invention; 

FIG. 3 is a diagram illustrating components of a transtho-
racic cardiac sensing and/or stimulation device including an 
electrode array in accordance with an embodiment of the 
present invention; 

FIG. 4 is a pictorial diagram of a carotid pulse waveform, a 
phonocardiogram (PCG) waveform, an electrocardiogram 
(ECG) waveform, and a filtered transthoracic impedance sig-
nal for two consecutive heartbeats; 

FIG. 5 is a graph of a normal respiration signal measured by 
a transthoracic impedance sensor that may be utilized for 
coordinated monitoring, diagnosis and/or therapy in accor-
dance with embodiments of the present invention; 

FIG. 6 is a respiration signal graph illustrating respiration 
intervals used for disordered breathing detection and/or pre-
diction according to embodiments of the invention; 

FIG. 7 is a graph of a respiration signal illustrating various 
intervals that may be used for detection of apnea in accor-
dance with embodiments of the invention; 

FIG. 8 is a respiration graph illustrating abnormally shal-
low respiration utilized in detection of disordered breathing in 
accordance with embodiments of the invention; 

FIG. 9 illustrates a medical system including an implant-
able cardiac rhythm management device that cooperates with 
a patient-external respiration therapy device to provide coor-
dinated patient monitoring, diagnosis and/or therapy in accor-
dance with an embodiment of the present invention; 

FIG. 10 is an illustration of an implantable cardiac device 
including a lead assembly shown implanted in a sectional 
view of a heart, the device used for coordinated patient moni-
toring, diagnosis, and/or therapy in accordance with embodi-
ments of the present invention; 

FIG. 11 is a block diagram of a cardiac rhythm manage-
ment (CRM) system configured as a pacemaker and suitable 
for implementing a sleep detection methodology in accor-
dance with embodiments of the present invention; and 

FIG. 12 is a block diagram of a medical system that may be 
used to implement coordinated patient monitoring, diagnosis, 
and/or therapy in accordance with embodiments of the 
present invention. 

While the invention is amenable to various modifications 
and alternative forms, specifics thereof have been shown by 
way of example in the drawings and will be described in detail 
below. It is to be understood, however, that the intention is not 
to limit the invention to the particular embodiments 
described. On the contrary, the invention is intended to cover 
all modifications, equivalents, and alternatives falling within 
the scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

In the following description of the illustrated embodi-
ments, references are made to the accompanying drawings, 
which form a part hereof, and in which are shown by way of 
illustration, various embodiments by which the invention 

4 
may be practiced. It is to be understood that other embodi-
ments may be utilized, and structural and functional changes 
may be made without departing from the scope of the present 
invention. 

5 A significant percentage of people between the ages of 30 
and 60 years experience some symptoms of disordered 
breathing. Although disordered breathing may occur while 
the person is awake, it more often occurs during sleep. Sleep 
disordered breathing is associated with excessive daytime 

10 sleepiness, systemic hypertension, increased risk of stroke, 
angina, and myocardial infarction. Disordered breathing is 
particularly prevalent among congestive heart failure 
patients, and may contribute to the progression of heart fail-
ure. 

15 Various therapies have been used to treat central and/or 
obstructive disordered breathing episodes. Obstructive sleep 
apnea has been associated with prolapse of the tongue and its 
surrounding structure into the pharynx, thus occluding the 
respiratory pathway. A commonly prescribed treatment for 

20 obstructive apnea is continuous positive airway pressure 
(CPAP). 

A typical CPAP device delivers air pressure through a nasal 
mask worn by the patient. The application of continuous 
positive airway pressure keeps the patient's throat open, 

25 reducing or eliminating the obstruction causing apnea. Posi-
tive airway pressure devices may be used to provide a variety 
of respiration therapies, including, for example, continuous 
positive airway pressure (CPAP), bi-level positive airway 
pressure (bi-level PAP), proportional positive airway pres-

30 sure (PPAP), auto-titrating positive airway pressure, ventila-
tion, gas or oxygen therapies. The term xPAP will be used 
herein as a generic term for any device that uses a form of 
positive airway pressure, whether continuous or otherwise. 
Such devices may also provide for negative airway pressure 

35 as necessary, as in the case of treating Cheyne-Stokes breath-
ing, for example. 

The following discussion, with reference to FIG. 1A-1C, 
describes embodiments of the invention involving use of diur-
nal data to aid nocturnal therapy and diagnosis of sleep dis-

40 orders. The processes and systems exemplified by these 
embodiments may be implemented alone or in combination 
with one or more processes and systems exemplified by other 
embodiments described herein to provide a coordinated 
approach to patient monitoring, diagnosis, and/or therapy. 

45 In accordance with a further embodiment of the invention, 
many types of data acquired during non-sleep periods may be 
used to adjust or enhance therapy during periods of sleep. The 
data acquired during non-sleep may also be used to provide 
enhanced diagnostic capabilities for sleep-related disorders. 

so The data acquired during non-sleep may be used, for 
example, to determine the existence of a condition that occurs 
during non-sleep periods and is caused, or results from, a 
sleep-related disorder. The data acquired during non-sleep 
may determine the extent of the condition, the rate of change 

55 of the condition, the amount of change of the condition rela-
tive to a baseline, and/or the effect of nocturnal therapy for the 
condition. 

Examples of data acquired during non-sleep that may aid in 
nocturnal therapy and diagnosis include: transthoracic 

60 impedance or other arrangement to assess pathological 
breathing patterns or conditions such as Cheyne-Stokes 
breathing, periodic breathing, rapid breathing, respiratory 
rates, inspiration/expiration intervals, pulmonary function 
parameters, including for example, forced expiratory volume 

65 (FEV) and forced vital capacity (FVC); heart rates, postven-
tricular (PV) intervals and cardiac arrhythmias; activity level; 
cardiac and pulmonary sounds, (e.g., S3, rales, coughs); envi-
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ronmental data, (e.g., air pollution, humidity); glucose levels; 
autonomic nervous system activity; medication use, particu-
larly for patients whose use is aperiodic and patient deter-
mined (e.g., albuterol for asthma); blood pressure (e.g., aver-
age arterial, left atrial end diastolic); blood oxygen level; 
posture; and symptom-based data (e.g., dyspnea, daytime 
sleepiness, fatigue, restless leg syndrome (RLS) symptoms). 

A variety of sleep-time therapy may be modulated using 
the data acquired during non-sleep. In one implementation, 
data acquired during non-sleep may be used to modulate 
respiration therapy for disordered breathing, e.g., xPAP 
therapy. In another implementation, data acquired during 
non-sleep may be used to adjust cardiac overdrive pacing for 
sleep disordered breathing. In yet another implementation, 
data acquired during non-sleep may be used to adjust medi-
cations used for sleep disorders, e.g., benzodiazepine, tricy-
clic antidepressants, and theophylline, among others. In 
another implementation, data acquired during non-sleep may 
be provided to the patient for behavior modification (e.g., 
excessive activity too close to sleep time). 

Referring to FIG. 1A, a system 100 in accordance with an 
embodiment of the present invention includes a data acquisi-
tion unit 104 configured to acquire data associated with a 
patient while the patient is awake. The data acquisition unit 
104 is coupled to a therapy delivery system 106 configured to 
adjust a therapy delivered to the patient, during patient sleep, 
using the acquired data. One or more sensor(s) 102 are used to 
sense physiological signals useful to the data acquisition unit 
104. 

As illustrated in FIG. 1B, a system, in accordance with an 
embodiment of the invention, includes one or more patient-
internal and/or patient-external sensors 120 for sensing non-
sleep conditions related to disordered breathing. Signals from 
the one or more sensors 120 may be acquired by a disordered 
breathing detector 112 in a patient-internal or patient-external 
medical device 110 and used to detect non-sleep episodes of 
disordered breathing. In one implementation, respiratory sig-
nals, sensed using the sensor 120, such as a transthoracic 
impedance sensor, are detected during non-sleep periods. 

The respiration signals may be stored in the memory of a 
monitoring unit 114 within the medical device 110. The res-
piration signals may be trended, displayed, and/or transmitted 
to another device, such as an advanced patient management 
(APM) system 130 or a programmer 140 periodically or on 
command. 

The non-sleep respiration signals may be used to modify 
therapy for sleep disordered breathing. In one example, the 
APM system 130 analyzes the non-sleep respiration signals 
to determine the presence and/or severity of non-sleep time 
periodic breathing. The APM system 130 may use informa-
tion about disordered breathing, such as the onset or extent of 
periodic and/or Cheyne-Stokes breathing during non-sleep 
periods, to determine the optimal sleep time xPAP therapy for 
Cheyne-Stokes breathing and/or central sleep apnea therapy. 
The APM system 130 determines a modified therapy based on 
the non-sleep respiration signals. 

In one example, when periodic and/or Cheyne-Stokes 
breathing increases or decreases, the pressure delivered by an 
xPAP therapy unit may be increased or decreased, respec-
tively. In another example, non-sleep time breathing informa-
tion may be used to modify the initial pressures for an auto-
titrating PAP device. The APM system 130 may transmit 
control signals to a therapy device 150, e.g., a respiration 
therapy device such as an xPAP device, to modify therapy 
delivered to the patient during sleep. 

Although the example provided in FIG. 1B contemplates 
the use of the APM system 130 to analyze the non-sleep 

6 
signals and modify the sleep time delivered therapy, the medi-
cal device 110 may perform one or both of these functions. 

In another embodiment of the invention, illustrated in FIG. 
1C, cardiac information is used to adjust cardiac overdrive 

5 pacing prescribed for the treatment of sleep disordered 
breathing. In this embodiment, a cardiac signal detector unit 
116 within an implanted or external device 180 detects car-
diac signal information from cardiac electrodes 160, e.g., 
implanted, subcutaneous, surface electrodes or combinations 

to thereof, during non-sleep periods. The cardiac information 
may be saved in the memory of a monitoring unit 112 within 
the medical device 180. The cardiac information may be 
trended, displayed, or transmitted to another device, such as a 
programmer 140 or an APM system 130. 

15 The non-sleep period cardiac information may be analyzed 
to determine an enhanced or optimum cardiac electrical 
stimulation therapy for sleep disordered breathing. In this 
example, the non-sleep cardiac information is analyzed in a 
data analysis unit 190 within the medical device 180. In 

20 another implementation, the cardiac information may be ana-
lyzed by the APM 130 or other device. 

In this example configuration, the medical device 180 uses 
the cardiac information to adjust timing parameters in an 
implanted therapy device 170, such as a CRM device. For 

25 example, the data analysis unit 190 may determine an average 
intrinsic heart rate and/or an average PR interval during non-
sleep periods. These values may be used to enhance the rate 
and AV delay used by the cardiac overdrive pacing therapy 
prescribed to treat sleep disordered breathing in subsequent 

30 sleep periods. 
In one illustrative configuration, the functions of the medi-

cal device 180, including the cardiac signal detector 116, the 
monitoring unit 112 and/or the data analysis unit 190, and the 
implanted therapy device 170 are located within an implant-

35 able CRM device 181. In this configuration, the data analysis 
unit 190 receives cardiac signals from implanted cardiac elec-
trodes during non-sleep times. The data analysis unit 190 
analyzes the cardiac signals to adjust therapy delivered by the 
CRM device 181 to treat sleep disordered breathing. 

40 FIG. 2 illustrates a method 200 of moderating sleep therapy 
using physiologic data acquired during non-sleep. A sensor 
(internal or external to the patient, such as an EEG sensor) is 
used at block 202 to sense a patient's non-sleep state physi-
ologic condition. The data, trends, or selected parameters 

45 may then be stored in memory of an implantable device 
and/or a patient-external device such as an APM device or 
server system. 

A determination 204 is made that the patient is asleep. If the 
patient is sleeping, the information stored during the non-

so sleep period is used at block 206 to, for example, compare the 
current paced heart rate to the non-sleep intrinsic heart rate. A 
decision 208 is then made to select continuation of the current 
therapy or to modify patient therapy based at least in part on 
physiologic data acquired during non-sleep. If treatment 

55 modification is desired, the modification is performed at 
block 210 before re-starting the method 200. 

In one configuration, as is illustrated in FIG. 3, the inven-
tion may be implemented in a patient-internal medical device 
(PIMD) 308 having componentry arranged about a patient's 

60 heart 310. The PIMD 308 includes a first electrode sub-
system, including a can electrode 302, and a second electrode 
subsystem 304. The second electrode subsystem 304 may 
include a number of electrodes used for sensing and/or elec-
trical stimulation, and may also include non-electrophysi-

65 ologic sensors. 
In various configurations, the second electrode subsystem 

304 may include a combination of electrodes. The combina-
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tion of electrodes of the second electrode subsystem 304 may 
include coil electrodes, tip electrodes, ring electrodes, multi-
element coils, spiral coils, spiral coils mounted on non-con-
ductive backing, screen patch electrodes, and other electrode 
configurations. A suitable non-conductive backing material is 
silicone rubber, for example. 

The can electrode 302 is positioned on the housing 301 that 
encloses the PIMD 308 electronics. In one embodiment, the 
can electrode 302 includes the entirety of the external surface 
of housing 301. In other embodiments, various portions of the 
housing 301 may be electrically isolated from the can elec-
trode 302 or from-tissue. The active area of the can electrode 
302 may include all or a portion of either the anterior or 
posterior surface of the housing 301 to direct current flow in 
a manner advantageous for cardiac sensing and/or stimula-
tion. For example, portions of the housing 301 may be cov-
ered with a non-conductive, or otherwise electrically resis-
tive, material to direct current flow. Additional details 
concerning this and other subcutaneous PIMD embodiments 
are disclosed in commonly owned, co-pending U.S. Publica-
tion No. 2004/0230230, which is hereby incorporated herein 
by reference. 

A PIMD may incorporate circuitry, structures and func-
tionality of the subcutaneous implantable medical devices 
disclosed in commonly owned U.S. Pat. Nos. 5,203,348; 
5,230,337; 5,360,442; 5,366,496; 5,397,342; 5,391,200; 
5,545,202; 5,603,732; and 5,916,243, which are hereby 
incorporated herein by reference in their respective entireties. 
Various embodiments described herein may be used in con-
nection with subcutaneous monitoring, diagnosis, and/or 
therapy. Methods, structures, and/or techniques described 
herein relating to subcutaneous systems and methods may 
incorporate features of one or more of the following refer-
ences: commonly owned U.S. patent application Ser. No. 
60/462,272, U.S. Publication No. 2004/0230229, and U.S. 
Publication No. 2004/0230230, each hereby incorporated 
herein by reference. 

Information from a non-cardiac-electrophysiologic sensor 
303, such as an EMG sensor, an EEG sensor, an impedance 
sensor, a blood sensor, an accelerometer, or other sensor, may 
be used to sense physiologic parameters and/or conditions 
during non-sleep. The non-cardiac-electrophysiologic sensor 
303 may be provided in or on the housing 301, as illustrated 
in FIG. 3, may be provided as part of the second electrode 
subsystem 304, and/or may be patient-external. It is also 
contemplated that the non-cardiac-electrophysiologic sensor 
303 may be directly coupled to the housing 301 using an 
additional lead, or be wirelessly coupled. 

In an embodiment of the present invention, sounds, such as 
hearts sounds and pulmonary sounds, are used to aid in mod-
erating sleep therapy using physiologic information acquired 
during non-sleep. Because heart sounds are time correlated 
with respect to the cardiac electrophysiological signals, the 
non-electrophysiologic signal may provide information 
about a patient's rhythm state even in the presence of electri-
cal noise and/or electrocardiographic artifacts. A subcutane-
ous sensor, such as an accelerometer or acoustic transducer, 
may be used to detect heart sounds. It should also be noted 
that other sensor derived signals could replace heart sounds. 
For example, impedance, pulse pressure, blood volume/flow, 
or cardiac accelerations could be used. 

Various types of acoustic sensors may be used to detect 
heart sounds. Examples of such acoustic sensors include dia-
phragm based acoustic sensors, MEMS-based acoustic sen-
sors such as a MEMS-based acoustic transducer, fiber optic 
acoustic sensors, piezoelectric sensors, and accelerometer 
based acoustic sensors and arrays. These sensors may be used 

8 
to detect audio frequency (and/or subsonic frequency) pres-
sure waves associated with the heart sounds, and may also be 
used to detect other non-electrophysiologic cardiac related 
signals. 

5 The presence of cardiac pulse, or heartbeat, in a patient is 
generally detected by palpating the patient's neck and sensing 
changes in the volume of the patient's carotid artery due to 
blood pumped from the patient's heart. A graph of a carotid 
pulse signal 410, representative of the physical expansion and 

io contraction of a patient's carotid artery during two consecu-
tive pulses, or heartbeats, is shown at the top of FIG. 4. When 
the heart's ventricles contract during a heartbeat, a pressure 
wave is sent throughout the patient's peripheral circulation 
system. The carotid pulse signal 410 shown in FIG. 4 rises 

15 with the ventricular ejection of blood at systole and peaks 
when the pressure wave from the heart reaches a maximum. 
The carotid pulse signal 410 falls off again as the pressure 
subsides toward the end of each pulse. 

The opening and closing of the patient's heart valves dur-
20 ing a heartbeat causes high-frequency vibrations in the adja-

cent heart wall and blood vessels. These vibrations may be 
heard in the patient's body as heart sounds, and may be 
detected by sensors, as described earlier. A conventional 
phonocardiogram (PCG) transducer placed on a patient con-

25 verts the acoustical energy of the heart sounds to electrical 
energy, resulting in a PCG waveform 420 that may be 
recorded and displayed, as shown by the graph in the upper 
middle portion of FIG. 4. 

As indicated by the PCG waveform 420 shown in FIG. 4, a 
30 typical heartbeat produces two main heart sounds and may 

produce other sounds depending on pathology. A first heart 
sound 430, denoted Sl, is generated by vibration generally 
associated with the closure of the tricuspid and mitral valves 
at the beginning of systole. Typically, the heart sound 430 is 

35 about 14 milliseconds long and contains frequencies up to 
approximately 500 Hz. A second heart sound 440, denoted 
S2, is generally associated with vibrations resulting from the 
closure of the aortic and pulmonary valves at the end of 
systole. While the duration of the second heart sound 440 is 

40 typically shorter than the first heart sound 430, the spectral 
bandwidth of the second heart sound 440 is typically larger 
than that of the first heart sound 430. A third heart sound 442, 
denoted S3, is also seen in the PCG waveform 420. The S3 
heart sound 442 is created when the ventricles relax and 

45 pressure from the filling blood rapidly distends the ventricle. 
When the stiff, non-compliant ventricular wall reaches its 
physical limits, it suddenly tenses, and the S3 sound is cre-
ated. In children an S3 is common and normal. After age 40, 
it almost always indicates the failing heart in congestive heart 

so failure. As stated earlier, an accelerometer or acoustic trans-
ducer may also detect pulmonary sounds, such as rales and/or 
coughs, to provide physiologic data. 

An electrocardiogram (ECG) waveform 450 describes the 
electrical activity of a patient's heart. The graph in the lower 

55 middle portion of FIG. 4 illustrates an example of the ECG 
waveform 450 for two heartbeats and corresponds in time 
with the carotid pulse signal 410 and PCG waveform 420 also 
shown in FIG. 4. Referring to the first shown heartbeat, the 
portion of the ECG waveform 450 representing depolariza-

60 tion of the atrial muscle fibers is referred to as the "P" wave. 
Depolarization of the ventricular muscle fibers is collectively 
represented by the "Q." "R," and "S" waves of the ECG 
waveform, referred to as the QRS complex. Finally, the por-
tion of the waveform representing repolarization of the ven-

65 tricular muscle fibers is known as the "T" wave. Between 
heartbeats, the ECG waveform 450 returns to an isopotential 
level. 
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Fluctuations in a patient's transthoracic impedance signal 
460 also correlate with blood flow that occurs with each 
cardiac pulse wave as well as provide breathing information. 
The bottom graph of FIG. 4 illustrates an example of a filtered 
transthoracic impedance signal 460 for a patient in which 
fluctuations in impedance correspond in time with the carotid 
pulse signal 410, the PCG waveform 420, and ECG waveform 
450, also shown in FIG. 4. 

Referring now to FIG. 5, a non-filtered transthoracic 
impedance signal 500 is illustrated. The impedance signal 
500 may be developed, for example, from an impedance 
sense electrode in combination with a PIMD device. The 
impedance signal 500 is proportional to the transthoracic 
impedance, illustrated as an Impedance 530 on the abscissa of 
the left side of the graph in FIG. 5. The impedance 530 
increases 570 during any respiratory inspiration 520 and 
decreases 560 during any respiratory expiration 510. The 
impedance signal 500 is also proportional to the amount of air 
inhaled, denoted a tidal volume 540, illustrated on the 
abscissa of the right side of the graph in FIG. 5. The variations 
in impedance during respiration, identifiable as the peak-to-
peak variation of the impedance signal 500, may be used to 
determine the respiration tidal volume 540, corresponding to 
the volume of air moved in a breath, one cycle of expiration 
510 and inspiration 520. A minute ventilation may also be 
determined, corresponding to the amount of air moved per a 
minute of time 550 illustrated on the ordinate of the graph in 
FIG. 5. The impedance signal 500 would also show transient 
events, such as rales and/or coughs, to provide useful patient 
condition and prediction information. 

Snoring and other episodes of breathing disorders may be 
determined using the impedance signal 530, and other infor-
mation available to the sleep detector circuitry. During non-
REM sleep, a normal respiration pattern includes regular, 
rhythmic inspiration—expiration cycles without substantial 
interruptions. When the tidal volume (TV) of the patient's 
respiration, as indicated by the transthoracic impedance sig-
nal, falls below a hypopnea threshold, then a hypopnea event 
is declared. For example, a hypopnea event may be declared 
if the patient's tidal volume falls below about 50% of a recent 
average tidal volume or other baseline tidal volume value. If 
the patient's tidal volume falls further to an apnea threshold, 
e.g., about 10% of the recent average tidal volume or other 
baseline value, an apnea event is declared. 

FIGS. 6-8 are graphs of transthoracic impedance and tidal 
volume, similar to FIG. 5 previously described. As in FIG. 5, 
FIGS. 6-8 illustrate the impedance signal 500 proportional to 
the transthoracic impedance, again illustrated as Impedance 
530 on the abscissa of the left side of the graphs in FIGS. 6-8. 
The impedance 530 increases during any respiratory inspira-
tion 630, 730 and decreases during any respiratory expiration 
650, 750. As before, the impedance signal 500 is also propor-
tional to the amount of air inhaled, denoted the tidal volume 
540, illustrated on the abscissa of the right side of the graph in 
FIGS. 6-8. The magnitude of variations in impedance and 
tidal volume during respiration are identifiable as the peak-
to-peak variation of the impedance signal 500. 

FIG. 6 illustrates respiration intervals used for disordered 
breathing detection and/or prediction useful in accordance 
with embodiments of the present invention. Detection of dis-
ordered breathing may involve defining and examining a 
number of respiratory cycle intervals. A respiration cycle is 
divided into an inspiration period 630 corresponding to the 
patient inhaling, an expiration period 650, corresponding to 
the patient exhaling, and a non-breathing period 660 occur-
ring between inhaling and exhaling. Respiration intervals are 
established using an inspiration threshold 610 and an expira-

10 
tion threshold 620. The inspiration threshold 610 marks the 
beginning of an inspiration period 630 and is determined by 
the transthoracic impedance signal 500 rising above the inspi-
ration threshold 610. The inspiration period 630 ends when 

5 the transthoracic impedance signal 500 is a maximum 640. 
The maximum transthoracic impedance signal 640 corre-
sponds to both the end of the inspiration interval 630 and the 
beginning of an expiration interval 650. The expiration inter-
val 650 continues until the transthoracic impedance 500 falls 

10 below an expiration threshold 620. A non-breathing interval 
660 starts from the end of the expiration period 650 and 
continues until the beginning of a next inspiration period 670. 

Detection of sleep apnea and severe sleep apnea is illus-
trated in FIG. 7. The patient's respiration signals are morii-

15 tored and the respiration cycles are defined according to an 
inspiration 730, an expiration 750, and a non-breathing 760 
interval as described in connection with FIG. 6. A condition 
of sleep apnea is detected when a non-breathing period 760 
exceeds a first predetermined interval 790, denoted the sleep 

20 apnea interval. A condition of severe sleep apnea is detected 
when the non-breathing period 760 exceeds a second prede-
termined interval 795, denoted the severe sleep apnea inter-
val. For example, sleep apnea may be detected when the 
non-breathing interval exceeds about 10 seconds, and severe 

25 sleep apnea may be detected when the non-breathing interval 
exceeds about 20 seconds. Similar to FIG. 6, the inspiration 
interval is denoted by 710 and the expiration interval is 
denoted by 720. 

Hypopnea is a condition of disordered breathing charac-
30 terized by abnormally shallow breathing. FIG. 8 is a graph of 

tidal volume derived from transthoracic impedance measure-
ments. The graph of FIG. 8 illustrating the tidal volume of a 
hypopnea episode may be compared to the tidal volume of a 
normal breathing cycle illustrated previously in FIG. 5, which 

35 illustrated normal respiration tidal volume and rate. As shown 
in FIG. 8, hypopnea involves a period of abnormally shallow 
respiration, possible at an increased respiration rate. 

Hypopnea is detected by comparing a patient's respiratory 

40 
tidal volume 803 to a hypopnea tidal volume 801. The tidal 
volume for each respiration cycle may be derived from tran-
sthoracic impedance measurements acquired in the manner 
described previously. The hypopnea tidal volume threshold 
may be established by, for example, using clinical results 

45 
providing a representative tidal volume and duration of 
hypopnea events. In one configuration, hypopnea is detected 
when an average of the patient's respiratory tidal volume 
taken over a selected time interval falls below the hypopnea 
tidal volume threshold for a predetermined minimum inter-

50 
val. Furthermore, various combinations of hypopnea cycles, 
breath intervals, and non-breathing intervals may be used to 
detect hypopnea, where the non-breathing intervals are deter-
mined as described above. 

In FIG. 8, a hypopnea episode 805 is identified when the 
55 average tidal volume is significantly below the normal tidal 

volume. In the example illustrated in FIG. 8, the normal tidal 
volume during the breathing process is identified as the peak-
to peak value identified as the respiratory tidal volume 803. 
The hypopnea tidal volume during the hypopnea episode 805 

60 is identified as hypopnea tidal volume 801. For example, the 
hypopnea tidal volume 801 may be about 50% of the respi-
ratory tidal volume 803. The value 50% is used by way of 
example only, and determination of thresholds for hypopnea 
events may be determined as any value appropriate for a given 

65 patient. 

In the example above, if the tidal volume falls below 50% 
of the respiratory tidal volume 803, the breathing episode 
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may be identified as a hypopnea event, originating the mea-
surement of the hypopnea episode 805. 

Cardiac stimulation may also be used as a therapy for 
disordered breathing, and may be combined with xPAP 
therapy and/or snoring detection systems and methods in 
accordance with embodiments of the present invention. 
Therapy methods for disordered breathing based on cardiac 
electrical stimulation are described in commonly owned U.S. 
Pat. No. 7,720,541, and U.S. Pat. No. 7,680,537, both of 
which are incorporated by reference herein. Disordered 
breathing detection and prediction systems and methods are 
further described in U.S. Pat. No. 7,189,204, U.S. Pat. No. 
7,252,640, and U.S. Pat. No. 7,396,333, all of which are 
hereby incorporated by reference herein. 

In the example illustrated in FIG. 9, a mechanical respira-
tion therapy xPAP device 920 includes a positive airway 
pressure device that cooperates with a CRM 910, configured 
to modify the therapy of the xPAP device 920 using physi-
ologic information acquired during non-sleep and provided 
by the CRM 910. The xPAP device 920 develops a positive air 
pressure that is delivered to the patient's airway through a 
tube system 952 and a mask 954 connected to the xPAP 
device 920. Positive airway pressure devices are often used to 
treat disordered breathing. In one configuration, for example, 
the positive airway pressure provided by the xPAP device 920 
acts as a pneumatic splint keeping the patient's airway open 
and reducing the severity and/or number of occurrences of 
disordered breathing due to airway obstruction. 

The xPAP device 920 may directly control the delivery of 
respiration therapy to the patient, and may contribute to the 
control of the CRM device 910. In addition, the xPAP device 
920 may provide a number of monitoring and/or diagnostic 
functions in relation to the respiratory system and/or other 
physiological systems. 

The CRM and xPAP devices 910, 920 may communicate 
directly through a wireless communications link 917, for 
example. Alternatively, or additionally, the CRM 910 and 
xPAP device 920 devices may communicate with and/or 
through an APM such as the APM system 930, as will be 
described further below with reference to FIG. 12. 

Although FIG. 9 illustrates a CRM device 910 used with an 
xPAP device 920 to provide coordinated patient monitoring, 
diagnosis and/or therapy, any number of patient-internal and 
patient-external medical devices may be included in a medi-
cal system in accordance with the present invention. For 
example, a drug delivery device, such as a drug pump or 
controllable nebulizer, may be included in the system 900. 
The drug delivery device may cooperate with either or both of 
the CRM device 910 and the xPAP device 920 and may 
contribute to the patient monitoring, diagnosis, and/or thera-
peutic functions of the medical system 900. 

According to one embodiment of the present invention, 
illustrated in FIG. 9, a medical system 900 may include an 
implantable cardiac rhythm management device 910 that 
cooperates with a patient-external respiration therapy device 
920 to provide coordinated patient monitoring, diagnosis and/ 
or therapy. The CRM 910 may provide a first set of monitor-
ing, diagnostic, and/or therapeutic functions to a patient 955. 
The CRM 910 may be electrically coupled to a patient's heart 
940 through one or more cardiac electrodes 915 terminating 
in, on, or about the heart 940. The cardiac electrodes 915 may 
sense cardiac signals produced by the heart 940 and/or pro-
vide therapy to one or more heart chambers. For example, the 
cardiac electrodes 915 may deliver electrical stimulation to 
one or more heart 940 chambers, and/or to one or multiple 
sites within the heart 940 chambers. The CRM 910 may 
directly control delivery of one or more cardiac therapies, 

12 
such as cardiac pacing, defibrillation, cardioversion, cardiac 
resynchronization, and/or other cardiac therapies, for 
example. In addition, the CRM 910 may facilitate the control 
of a mechanical respiration device 920. Further, the CRM 910 

5 may perform various monitoring and/or diagnostic functions 
in relation to the cardiovascular system and/or other physi-
ological systems. 

Referring now to FIG. 10, the implantable device illus-

10 
trated in FIG. 10 is an embodiment of a PIMD that may 
benefit from modulated sleep-time therapy based on physi-
ologic data acquired during non-sleep time in accordance 
with the present invention. In this example, the implantable 
device includes a cardiac rhythm management device (CRM) 

is 1000 including an implantable pulse generator 1005 electri-
cally and physically coupled to an intracardiac lead system 
1010. 

Portions of the intracardiac lead system 1010 are inserted 
into the patient's heart 1090. The intracardiac lead system 

20 1010 includes one or more electrodes configured to sense 
electrical cardiac activity of the heart, deliver electrical stimu-
lation to the heart, sense the patient's transthoracic imped-
ance, and/or sense other physiological parameters, e,g, car-
diac chamber pressure or temperature. Portions of the 

25 housing 1001 of the pulse generator 1005 may optionally 
serve as a can electrode. 

Communications circuitry is disposed within the housing 
1001 for facilitating communication between the pulse gen-
erator 1005 and an external communication device, such as a 

30 portable or bed-side communication station, patient-carried/ 
worn communication station, or external programmer, for 
example. The communications circuitry may also facilitate 
unidirectional or bidirectional communication with one or 
more implanted, external, cutaneous, or subcutaneous physi-

35 ologic or non-physiologic sensors, patient-input devices and/ 
or information systems. 

The pulse generator 1005 may optionally incorporate a 
motion detector 1020 that may be used to sense various 

40 
patient parameters and/or conditions. For example, the 
motion detector 1020 may be optionally configured to sense 
snoring, activity level, and/or chest wall movements associ-
ated with respiratory effort, for example. The motion detector 
1020 may be implemented as an accelerometer positioned in 

45 
or on the housing 1001 of the pulse generator 1005. If the 
motion sensor is implemented as an accelerometer, the 
motion sensor may also provide respiratory, e.g. rales, cough-
ing, and cardiac, e.g. Sl-S4 heart sounds, murmurs, and other 
acoustic information. 

50 The lead system 1010 of the CRM 1000 may incorporate 
one or more transthoracic impedance sensors that may be 
used to acquire the patient's respiration waveform, or other 
respiration-related information. The transthoracic impedance 
sensor may include, for example, one or more intracardiac 

55 electrodes 1041, 1042, 1051-1055, 1063 positioned in one or 
more chambers of the heart 1090. The intracardiac electrodes 
1041, 1042, 1051-1055, 1063 may be coupled to impedance 
drive/sense circuitry 1030 positioned within the housing of 
the pulse generator 1005. 

60 In one implementation, impedance drive/sense circuitry 
1030 generates a current that flows through the tissue between 
an impedance drive electrode 1051 and a can electrode on the 
housing 1001 of the pulse generator 1005. The voltage at an 
impedance sense electrode 1052 relative to the can electrode 

65 changes as the patient's transthoracic impedance changes. 
The voltage signal developed between the impedance sense 
electrode 1052 and the can electrode is detected by the imped-
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ance sense circuitry 1030. Other locations and/or combina-
tions of impedance sense and drive electrodes are also pos-
sible. 

The lead system 1010 may include one or more cardiac 
pace/sense electrodes 1051 through 1055 positioned in, on, or 
about one or more heart chambers for sensing electrical sig-
nals from the patient's heart 1090 and/or delivering pacing 
pulses to the heart 1090. The intracardiac sense/pace elec-
trodes 1051 through 1055, such as those illustrated in FIG. 10, 
may be used to sense and/or pace one or more chambers of the 
heart, including the left ventricle, the right ventricle, the left 
atrium and/or the right atrium. The lead system 1010 may 
include one or more defibrillation electrodes 1041, 1042 for 
delivering defibrillation/cardioversion shocks to the heart. 

The pulse generator 1005 may include circuitry for detect-
ing cardiac arrhythmias and/or for controlling pacing or 
defibrillation therapy in the form of electrical stimulation 
pulses or shocks delivered to the heart through the lead sys-
tem 1010. The pulse generator 1005 may also incorporate 
circuitry, structures and functionality of the implantable 
medical devices disclosed in commonly owned U.S. Pat. Nos. 
5,203,348; 5,230,337; 5,360,442; 5,366,496; 5,397,342; 
5,391,200; 5,545,202; 5,603,732; and 5,916,243, which are 
hereby incorporated herein by reference. 

A PIMD may be used to implement various diagnostic 
functions, which may involve performing rate-based, pattern 
and rate-based, and/or morphological tachyarrhythmia dis-
crimination analyses. Diagnostics functions may involve 
storing, trending, displaying, transmitting, and/or evaluating 
various indications based on the detection of snoring. Subcu-
taneous, cutaneous, and/or external sensors, such as those 
previously described, may be employed to acquire physi-
ologic and non-physiologic information for purposes of 
enhancing tachyarrhythmia detection and termination. It is 
understood that configurations, features, and combination of 
features described in the present disclosure may be imple-
mented in a wide range of implantable medical devices, and 
that such embodiments and features are not limited to the 
particular devices described herein. 

Referring now to FIG. 11, there is shown a block diagram 
of an embodiment of a PIMD 1100 configured as a pacemaker 
and suitable for implantably determining the presence of 
sleep disordered breathing and modifying sleep therapy 
based on physiologic data acquired during non-sleep in accor-
dance with the present invention. FIG. 11 shows the PIMD 
1100 divided into functional blocks. The PIMD 1100 
includes a sleep detector 1120 for receiving sleep-related 
signals and detecting sleep in accordance with embodiments 
of the invention. 

In one embodiment, the sleep detector 1120 is incorporated 
as part of CRM circuitry 1110 encased and hermetically 
sealed in a housing 1101 suitable for implanting in a human 
body. Power to the PIMD 1100 is supplied by an electro-
chemical battery power supply 1112 housed within the PIMD 
1100. A connector block (not shown) is additionally attached 
to the PIMD 1100 to allow for the physical and electrical 
attachment of the cardiac lead system conductors to the CRM 
circuitry 1110. 

The CRM circuitry 1110 may be configured as a program-
mable microprocessor-based system, with circuitry for 
detecting sleep in addition to providing pacing therapy to the 
heart. Cardiac signals sensed by one or more cardiac elec-
trodes 1141 may be processed by the cardiac event detection 
circuitry 1160. Pace pulses controlled by the pacemaker con-
trol 1150 and generated by the pulse generator 1140 are 
delivered to the heart to treat various arrhythmias of the heart. 

14 
The memory circuit 1116 may store parameters for various 

device operations involved in sleep detection and/or cardiac 
pacing and sensing. The memory circuit 1116 may also store 
data indicative of sleep-related signals received by compo-

5 nents of the CRM circuitry 1110, such as information derived 
from one or more impedance electrodes 1195, the cardiac 
signal detector system 1160, the accelerometer 1135, and/or 
the sleep detector 1120. 

As illustrated in FIG. 11, the sleep detector 1120 receives 
10 signals derived from the cardiac event detector 1160, the 

impedance electrodes 1195 and the accelerometer 1135 to 
perform operations involving detecting sleep onset and sleep 
termination according to the principles of the present inven-
tion. Historical data storage 1118 may be coupled to the sleep 

15 detection circuitry 1120 for storing historical sleep related 
data. Such data may be transmitted to an external programmer 
unit 1180 and used for various diagnostic purposes and as 
needed or desired. 

Telemetry circuitry 1114 is coupled to the CRM circuitry 
20 1110 to allow the PIMD 1100 to communicate with a remote 

device such as the programmer 1180, or other device. In one 
embodiment, the telemetry circuitry 1114 and the program-
mer 1180 use a wire loop antenna and a radio frequency 
telemetric link to receive and transmit signals and data 

25 between the programmer 1180 and telemetry circuitry 1114. 
In this manner, programming commands and data may be 
transferred between the CRM circuitry 1110 and the one or 
more remote devices 1180 during and after implant. 

The programming commands allow a physician to set or 
30 modify various parameters used by the CRM system 1100. 

These parameters may include setting sleep detection param-
eters for use during sleep detection, such as which sleep-
related signals are to be used for sleep detection and threshold 
adjustment, and the initial sleep detection thresholds. In addi-

35 tion, the CRM system 1100 may download to the programmer 
1180 stored data pertaining to sensed sleep periods, including 
the amount of time spent sleeping, the time of day sleep 
periods occurred, historical data of sleep times, and the num-
ber of arousals during the sleep periods, for example. 

40 Still referring to FIG. 11, signals associated with patient 
activity may be detected through the use of an accelerometer 
1135 positioned within the housing 1101 of the PIMD 1100. 
The accelerometer 1135 may be responsive to patient activity. 
The accelerometer signal may be correlated with activity 

45 level or workload, for example. Signals derived from the 
accelerometer 1135 are coupled to the sleep detector 1120 
and may also be used by the pacemaker 1150 for implement-
ing a rate adaptive pacing regimen, for example. 

The impedance electrodes 1195 sense the patient's tran-
s() sthoracic impedance. The transthoracic impedance may be 

used to calculate various parameters associated with respira-
tion. Impedance driver circuitry (not shown) induces a current 
that flows through the blood between the impedance drive 
electrode and a can electrode on the housing 1101 of the 

55 PIMD 1100. The voltage at an impedance sense electrode 
relative to the can electrode changes as the transthoracic 
impedance changes. The voltage signal developed between 
the impedance sense electrode and the can electrode is 
detected by the impedance sense amplifier and is delivered to 

60 the sleep detector circuitry 1120 for further processing. 
FIG. 12 is a block diagram of a medical system 1200 that 

may be used to implement moderated therapy delivered dur-
ing sleep using physiological data acquired during non-sleep 
in accordance with embodiments of the invention. The medi-

65 cal system 1200 may include, for example, one or more 
patient-internal medical devices 1210 and one or more 
patient-external medical devices 1220. Each of the patient-
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internal 1210 and patient-external 1220 medical devices may 
include one or more of a patient monitoring unit 1212, 1222, 
a diagnostics unit 1214, 1224, and/or a therapy unit 1216, 
1226. 

The patient-internal medical device 1210 is typically a 
fully or partially implantable device that performs measuring, 
monitoring, diagnosis, and/or therapy functions. The patient-
external medical device 1220 performs monitoring, diagnosis 
and/or therapy functions external to the patient (i.e., not inva-
sively implanted within the patient's body). The patient-ex-
ternal medical device 1220 may be positioned on the patient, 
near the patient, or in any location external to the patient. It is 
understood that a portion of a patient-external medical device 
1220 may be positioned within an orifice of the body, such as 
the nasal cavity or mouth, yet may be considered external to 
the patient (e.g., mouth pieces/appliances, tubes/appliances 
for nostrils, or temperature sensors positioned in the ear 
canal). 

The patient-internal and patient-external medical devices 
1210, 1220 may be coupled to one or more sensors 1241, 
1242, 1245, 1246, patient input devices 1243, 1247 and/or 
other information acquisition devices 1244, 1248. The sen-
sors 1241, 1242, 1245, 1246, patient input devices 1243, 
1247, and/or other information acquisition devices 1244, 
1248 may be employed to detect conditions relevant to the 
monitoring, diagnostic, and/or therapeutic functions of the 
patient-internal and patient-external medical devices 1210, 
1220. 

The medical devices 1210, 1220 may each be coupled to 
one or more patient-internal sensors 1241, 1245 that are fully 
or partially implantable within the patient. The medical 
devices 1210, 1220 may also be coupled to patient-external 
sensors positioned on, near, or in a remote location with 
respect to the patient. The patient-internal and patient-exter-
nal sensors are used to sense conditions, such as physiological 
or environmental conditions, that affect the patient. 

The patient-internal sensors 1241 may be coupled to the 
patient-internal medical device 1210 through one or more 
internal leads 1253. Still referring to FIG. 12, one or more 
patient-internal sensors 1241 may be equipped with trans-
ceiver circuitry to support wireless communications between 
the one or more patient-internal sensors 1241 and the patient-
internal medical device 1210 and/or the patient-external 
medical device 1220. 

The patient-external sensors 1242 may be coupled to the 
patient-internal medical device 1210 and/or the patient-exter-
nal medical device 1220 through one or more internal leads 
1255 or through wireless connections. Patient-external sen-
sors 1242 may communicate with the patient-internal medi-
cal device 1210 wirelessly. Patient-external sensors 1246 
may be coupled to the patient-external medical device 1220 
through one or more internal leads 1257 or through a wireless 
link. 

The medical devices 1210, 1220 may be coupled to one or 
more patient input devices 1243, 1247. The patient input 
devices are used to allow the patient to manually transfer 
information to the medical devices 1210, 1220. The patient 
input devices 1243, 1247 may be particularly useful for input-
ting information concerning patient perceptions, such as how 
well the patient feels, and information such as patient smok-
ing, drug use, or other activities that are not automatically 
sensed or detected by the medical devices 1210, 1220. 

The medical devices 1210, 1220 may be connected to one 
or more information acquisition devices 1244, 1248, for 
example, a database that stores information useful in connec-
tion with the monitoring, diagnostic, or therapy functions of 
the medical devices 1210, 1220. For example, one or more of 

16 
the medical devices 1210, 1220 may be coupled through a 
network to a patient information server 1230 that provides 
information about environmental conditions affecting the 
patient, e.g., the pollution index for the patient's location. 

5 In one embodiment, the patient-internal medical device 
1210 and the patient-external medical device 1220 may com-
municate through a wireless link between the medical devices 
1210, 1220. For example, the patient-internal and patient-
external devices 1210, 1220 may be coupled through a short-

10 range radio link, such as Bluetooth, IEEE 802.11, and/or a 
proprietary wireless protocol. The communications link may 
facilitate unidirectional or bidirectional communication 
between the patient-internal 1210 and patient-external 1220 
medical devices. Data and/or control signals may be trans-

15 miffed between the patient-internal 1210 and patient-external 
1220 medical devices to coordinate the functions of the medi-
cal devices 1210, 1220. 

In another embodiment, the patient-internal and patient-
external medical devices 1210, 1220 may be used within the 

20 structure of an advanced patient management system 1240. 
Advanced patient management systems 1240 involve a sys-
tem of medical devices that are accessible through various 
communications technologies. For example, patient data may 
be downloaded from one or more of the medical devices 

25 periodically or on command, and stored at the patient infor-
mation server 1230. The physician and/or the patient may 
communicate with the medical devices and the patient infor-
mation server 1230, for example, to acquire patient data or to 
initiate, terminate or modify therapy. 

30 The data stored on the patient information server 1230 may 
be accessible by the patient and the patient's physician 
through one or more terminals 1250, e.g., remote computers 
located in the patient's home or the physician's office. The 
patient information server 1230 may be used to communicate 

35 to one or more of the patient-internal and patient-external 
medical devices 1210, 1220 to provide remote control of the 
monitoring, diagnosis, and/or therapy functions of the medi-
cal devices 1210, 1220. 

In one embodiment, the patient's physician may access 
40 patient data transmitted from the medical devices 1210, 1220 

to the patient information server 1230. After evaluation of the 
patient data, the patient's physician may communicate with 
one or more of the patient-internal or patient-external devices 
1210, 1220 through the APM system 1240 to initiate, termi-

45 nate, or modify the monitoring, diagnostic, and/or therapy 
functions of the patient-internal and/or patient-external medi-
cal systems 1210, 1220. Systems and methods involving 
advanced patient management techniques are further 
described in U.S. Pat. Nos. 6,336,903, 6,312,378, 6,270,457, 

so and 6,398,728, hereby incorporated herein by reference. 
In another embodiment, the patient-internal and patient-

external medical devices 1210, 1220 may not communicate 
directly, but may communicate indirectly through the APM 
system 1240. In this embodiment, the APM system 1240 may 

55 operate as an intermediary between two or more of the medi-
cal devices 1210, 1220. For example, data and/or control 
information may be transferred from one of the medical 
devices 1210, 1220 to the APM system 1240. The APM 
system 1240 may transfer the data and/or control information 

60 to another of the medical devices 1210, 1220. 
In one embodiment, the APM system 1240 may commu-

nicate directly with the patient-internal and/or patient-exter-
nal medical devices 1210, 1220. In another embodiment, the 
APM system 1240 may communicate with the patient-inter-

65 nal and/or patient-external medical devices 1210, 1220 
through medical device programmers 1260, 1270 respec-
tively associated with each medical device 1210, 1220. 
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Various embodiments described herein may be used in 
connection with advanced patient management. Methods, 
structures, and/or techniques described herein relating to 
advanced patient management, such as those involving 
remote patient/device monitoring, diagnosis, therapy, or 
other advanced patient management related methodologies, 
may incorporate features of one or more of the following 
references: U.S. Pat. Nos. 6,221,011; 6,277,072; 6,280,380; 
6,358,203; 6,368,284; and 6,440,066 each hereby incorpo-
rated herein by reference. 

A number of the examples presented herein involve block 
diagrams illustrating functional blocks used for coordinated 
monitoring, diagnosis and/or therapy functions in accordance 
with embodiments of the present invention. It will be under-
stood by those skilled in the art that there exist many possible 
configurations in which these functional blocks may be 
arranged and implemented. The examples depicted herein 
provide examples of possible functional arrangements used 
to implement the approaches of the invention. 

Each feature disclosed in this specification (including any 
accompanying claims, abstract, and drawings) may be 
replaced by alternative features having the same, equivalent 
or similar purpose, unless expressly stated otherwise. Thus, 
unless expressly stated otherwise, each feature disclosed is 
one example only of a generic series of equivalent or similar 
features. 

Various modifications and additions can be made to the 
preferred embodiments discussed hereinabove without 
departing from the scope of the present invention. Accord-
ingly, the scope of the present invention should not be limited 
by the particular embodiments described above, but should be 
defined only by the claims set forth below and equivalents 
thereof. 

What is claimed is: 
1. A method, comprising: 
acquiring data associated with a patient while the patient is 

awake, the data comprising respiration data indicative of 
a respiratory disorder; and 

adjusting a therapy delivered by a patient-external device 
to the patient during patient sleep, the adjustment based 
at least in part on the acquired data including the respi-
ration data indicative of the respiratory disorder, the 
therapy comprising one or both of a respiratory therapy 
and a therapy to treat a sleep-related respiratory disorder 
associated with the respiratory disorder. 

2. The method of claim 1, wherein the therapy comprises a 
positive airway pressure therapy. 

3. The method of claim 1, wherein the therapy comprises a 
sleep disordered breathing therapy. 

4. The method of claim 1, wherein the acquired data is 
acquired by an implantable cardiac rhythm management 
device. 

5. The method of claim 1, wherein the therapy comprises a 
medication use or delivery therapy. 

6. The method of claim 1, wherein adjusting the therapy 
comprises performing therapy titration using the acquired 
data. 

7. The method of claim 1, further comprising detecting a 
pathological condition using the acquired data, and adjusting 
the therapy in response to the detected pathological condition. 

8. The method of claim 1, wherein the acquired respiratory 
data indicative of the respiratory disorder is indicative of 
Cheyne-Stokes patterned breathing. 

9. The method of claim 1, wherein the acquired data indica-
tive of the respiratory disorder comprises one or more of 
breathing pattern data, breathing rate data, and transthoracic 
impedance data. 

18 
10. The method of claim 1, wherein the acquired data 

further comprises one or more of heart rate data, heart rate 
variability data, PR interval data, and cardiac arrhythmia data, 
and the therapy adjustment is further based on the acquired 

5 one or more of heart rate data, heart rate variability data, PR 
interval data, and cardiac arrhythmia data. 

11. The method of claim 1, wherein the acquired data 
further comprises patient activity data, and the therapy adjust-
ment is further based on the patient activity data. 

10 12. The method of claim 1, wherein the respiratory disorder 
of the acquired respiratory data comprises a respiratory con-
dition that occurs during non-sleep periods and results from 
the sleep-related respiratory disorder. 

13. The method of claim 1, wherein the acquired data 
15 further comprises contextual data impacting the patient, and 

the therapy adjustment is further based on the contextual data 
impacting the patient. 

14. The method of claim 1, wherein the acquired data 
indicates one or more of a rate of change of a respiratory 

20 condition associated with the respiratory disorder and an 
effect of the therapy in addressing the sleep-related respira-
tory disorder. 

15. The method of claim 1, wherein the acquired data 

25 
further comprises autonomic nervous system activity data, 
and the therapy adjustment is further based on the autonomic 
nervous activity data. 

16. The method of claim 1, wherein the acquired data 
further comprises medication use data, and the therapy 

30 
adjustment is further based on the medication use data. 

17. The method of claim 1, wherein the acquired data 
further comprises one or both of blood pressure data and 
blood oxygen level data, and the therapy adjustment is further 
based on the one or both of blood pressure data or blood 

35 oxygen data. 
18. A system, comprising: 
a data acquisition unit configured to acquire respiration 

data indicative of a respiratory disorder associated with 
a patient while the patient is awake; and 

40 a patient-external therapy delivery system configured to 
adjust a therapy delivered to the patient during patient 
sleep using the acquired respiration data indicative of the 
respiratory disorder, the therapy comprising one or both 
of a respiratory therapy and a therapy to treat a sleep-

45 related respiratory disorder associated with the respira-
tory disorder. 

19. The system of claim 18, wherein the data acquisition 
unit is further configured for implantation and to patient-
internally monitor electrical cardiac activity of the patient. 

50 20. The system of claim 18, wherein the data acquisition 
unit is further configured for implantation, to monitor elec-
trical cardiac activity of the patient, and to deliver an electri-
cal cardiac therapy to the patient. 

21. The system of claim 18, wherein the therapy delivery 
55 system comprises a positive airway pressure device. 

22. The system of claim 18, wherein the data acquisition 
unit is an implantable cardiac rhythm management device and 
the therapy delivery system comprises a positive airway pres-
sure device. 

60 
23. The system of claim 18, wherein the therapy delivery 

system comprises a patient management system configured to 
communicate medication use data to the patient. 

24. The system of claim 18, wherein the therapy delivery 
65 system comprises a drug delivery system. 

25. The system of claim 18, wherein the data acquisition 
unit comprises one or more sensors for detecting a pathologi-
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cal condition, and wherein the acquired respiration data com-
prises a pathological respiration condition associated with the 
respiratory disorder. 

26. The system of claim 18, wherein the data acquisition 
unit comprises a cardiac rhythm management device. 

27. The system of claim 18, wherein the data acquisition 
unit comprises a respiratory therapy delivery device. 

28. A system, comprising: 
means for acquiring data associated with a patient while 

the patient is awake, the data comprising respiration data 10 
indicative of a respiratory disorder; and 

20 
means for adjusting a therapy delivered by a patient-exter-

nal device to the patient during patient sleep, the adjust-
ment based at least in part on the acquired data including 
the respiration data indicative of the respiratory disorder, 

5 the therapy comprising one or both of a respiratory 
therapy and a therapy to treat a sleep-related respiratory 
disorder associated with the respiratory disorder. 

* * * * * 
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