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(57) ABSTRACT 

An event-based approach to collecting and organizing infor 
mation associated With events affecting respiration is pre 
sented. The detection or prediction of an event affecting the 
respiration of a patient initiates acquisition of information 
associated With the event. The respiratory logbook system 
acquires information With the event during the event and 
during intervals proximate in time to the event. The infor 
mation is organized as a respiratory log entry. The user can 
access the information by operating a user interface. The 
information may be presented in textual or graphical form. 
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MEDICAL EVENT LOGBOOK SYSTEM AND 
METHOD 

RELATED PATENT DOCUMENTS 

[0001] This application claims the bene?t of Provisional 
Patent Application Ser. No. 60/504,749, ?led on Sep. 18, 
2003, to Which priority is claimed pursuant to 35 U.S.C. 
§119(e) and Which is hereby incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to acquiring and 
organizing information related to medical events affecting 
the patient. 

BACKGROUND OF THE INVENTION 

[0003] The human body functions through a number of 
interdependent physiological systems controlled through 
various mechanical, electrical, and chemical processes. The 
metabolic state of the body is constantly changing. For 
example, as exercise level increases, the body consumes 
more oxygen and gives off more carbon dioxide. The cardiac 
and pulmonary systems maintain appropriate blood gas 
levels by making adjustments that bring more oxygen into 
the system and dispel more carbon dioxide. The cardiovas 
cular system transports blood gases to and from the body 
tissues. The respiratory system, through the breathing 
mechanism, performs the function of exchanging these 
gases With the external environment. Together, the cardiac 
and respiratory systems form a larger anatomical and func 
tional unit denoted the cardiopulmonary system. 

[0004] Various disorders may affect the cardiovascular, 
respiratory, and other physiological systems. For example, 
heart failure is a clinical syndrome that impacts a number of 
physiological processes. Heart failure is an abnormality of 
cardiac function that causes cardiac output to fall beloW a 
level adequate to meet the metabolic demand of peripheral 
tissues and internal organs. Heart failure is often referred to 
as congestive heart failure (CHF) due to the accompanying 
venous and pulmonary congestion. Congestive heart failure 
may have a variety of underlying causes, including ischemic 
heart disease (coronary artery disease), hypertension (high 
blood pressure), and diabetes, among others. 

[0005] There are a number of diseases and disorders that 
primarily affect respiration, but also impact other physi 
ological systems. Emphysema and chronic bronchitis are 
grouped together and are knoWn as chronic obstructive 
pulmonary disease (COPD). Pulmonary system disease also 
includes tuberculosis, sarcoidosis, lung cancer, occupation 
related lung disease, bacterial and viral infections, and other 
conditions. 

[0006] Chronic obstructive pulmonary disease generally 
develops over many years, typically from exposure to ciga 
rette smoke, pollution, or other irritants. Over time, the 
elasticity of the lung tissue is lost, and the lungs become 
distended, unable to expand and contract normally. As the 
disease progresses, breathing becomes labored, and the 
patient groWs progressively Weaker. Other types of non 
rhythm related pulmonary diseases or disorders include 
restrictive pulmonary diseases, infections pulmonary dis 
eases, diseases of the pleural cavity, and pulmonary vascu 
lature, for example. 
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[0007] Breathing disorders include various forms of 
rhythm-related disorders such as sleep apnea and hypopnea, 
among other forms. Disordered breathing is a respiratory 
system condition that affects a signi?cant percentage of 
patients betWeen 30 and 60 years. Disordered breathing, 
including apnea and hypopnea, may be caused, for example, 
by an obstructed airWay, or by derangement of the signals 
from the brain controlling respiration. Disordered breathing 
occurs When a patient experiences insufficient respiration 
With or Without respiratory effort. Disordered breathing can 
originate from a de?ciency in the central nervous system 
(central disordered breathing) or from an obstructed airWay 
(obstructive disordered breathing). Lack of respiratory effort 
may result from a disruption of signals from the central 
nervous system to the respiratory muscles. 

[0008] Central disordered breathing events are character 
iZed by insuf?cient respiration and a concurrent lack of 
respiratory effort. Because the central nervous system sig 
nals that control breathing are interrupted, the patient’s 
natural breathing re?ex is not triggered. The patient makes 
no effort to breath or the respiratory effort is otherWise 
disrupted. Respiration ceases or is insuf?cient during the 
disordered breathing event. 

[0009] An obstructive disordered breathing event may 
occur due to an obstruction of a patient’s airWay. For 
example, the patient’s the tongue or other soft tissue of the 
throat may collapse into the patient’s airWay. The breathing 
re?ex is triggered, but respiration is disrupted because of the 
occluded airWay. Disordered breathing events may include 
central disordered breathing events, obstructive disordered 
breathing events, or mixed disordered breathing events that 
are a combination of obstructive and central types. 

[0010] Sleep disordered breathing is particularly prevalent 
and is associated With excessive daytime sleepiness, sys 
temic hypertension, increased risk of stroke, angina and 
myocardial infarction. Disordered breathing can be particu 
larly serious for patients concurrently suffering from cardio 
vascular de?ciencies. 

[0011] Various types of disordered respiration have been 
identi?ed, including, apnea (interrupted breathing), hypop 
nea (shalloW breathing), tachypnea (rapid breathing), hyper 
pnea (heavy breathing), and dyspnea (labored breathing). 
Combinations of the respiratory cycles described above may 
be observed, including, for example, periodic breathing and 
Cheyne-Stokes respiration (CSR). Cheyne-Stokes respira 
tion is particularly prevalent among heart failure patients, 
and may contribute to the progression of heart failure. 

[0012] Because of the complex interactions betWeen the 
cardiovascular, pulmonary, and other physiological systems 
as Well as the need for early detection of various disorders, 
an effective approach to acquiring and organiZing informa 
tion related to respiratory events is desired. The present 
invention ful?lls these and other needs, and addresses other 
de?ciencies of prior art implementations and techniques 

SUMMARY OF THE INVENTION 

[0013] Embodiments of the invention relate to acquiring 
and organiZing information related to medical events affect 
ing the patient. One embodiment of the invention involves 
a method for organiZing medical information. The method 
involves detecting or predicting a respiratory event of a 
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patient. Responsive to the detection or prediction of the 
respiratory event, collection of medical information associ 
ated With the respiratory event is initiated. The medical 
information is collected and organized as a respiratory event 
log entry. At least one of detecting or predicting the respi 
ratory event, collecting the medical information and orga 
niZing the medical information is performed implantably. 

[0014] In accordance With another embodiment of the 
invention, a method for accessing medical information 
involves collecting medical information associated With 
respiratory events. The collection of medical information 
associated With respiratory events includes initiating, 
responsive to the detection or prediction of the respiratory 
event, collection of medical information associated With 
each respiratory event. The medical information is collected 
and organiZed a respiratory logbook. A user interface is 
provided for accessing the respiratory logbook. At least one 
of detecting or predicting the respiratory event, collecting 
the medical information and organiZing the medical infor 
mation is performed implantably. 

[0015] Another embodiment of the invention involves a 
method for organiZing respiratory information associated 
With medical events. Responsive to the detection and/or 
prediction of a medical event, the system initiates collection 
of respiratory information associated With the medical event. 
The respiratory information is collected and organiZed as a 
medical event log entry. At least one of detecting or pre 
dicting the medical event, collecting the respiratory infor 
mation and organiZing the respiratory information is per 
formed implantably. 

[0016] In accordance With a further embodiment of the 
invention, a method for accessing respiratory information 
associated With medical events of a patent involves collect 
ing and organiZing respiratory information associated With 
medical events. Collection of the respiratory information is 
implemented by initiating, responsive to the detection or 
prediction of a medical event, collection of respiratory 
information associated With each medical event. The respi 
ratory information is collected and organiZed in a medical 
event logbook. A user interface provides access to the 
medical event logbook. At least one of detecting or predict 
ing the medical event, collecting the respiratory information 
and organiZing the respiratory information is performed 
implantably. 

[0017] Yet another embodiment involves a method for 
organiZing medical event information. According to this 
method, a medical event is predicted. The system collects 
information associated With conditions affecting the patient 
prior to the occurrence of the medical event. The medical 
event is detected, and the system collects information during 
the medical event. The collected information is organiZed as 
a medical event log entry. At least one of detecting the 
medical event, predicting the medical event, collecting the 
respiratory information and organiZing the respiratory infor 
mation is performed implantably. In accordance With 
another embodiment of the invention, a medical event 
logbook system includes an event detector con?gured to 
detect or predict a medical event. A data acquisition unit is 
coupled to the event detector and is con?gured to collect, 
responsive to the detection or prediction of the medical 
event, respiratory information associated With the medical 
event. The system also includes processor con?gured to 
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organiZe the acquired respiratory information as a medical 
event log entry. At least one of the event detector, the data 
acquisition unit, and the processor includes an implantable 
component. 

[0018] In accordance With a further embodiment, a respi 
ratory event logbook system includes an event detector 
con?gured to detect or predict a respiratory event affecting 
the patient. A data acquisition unit is coupled to the event 
detector and is con?gured to collect medical information 
associated With the respiratory event responsive to the 
detection or prediction of the respiratory event. The system 
includes a processor con?gured to organiZe the collected 
medical information associated With the respiratory event as 
a respiratory event log entry. At least one of the event 
detector, the data acquisition unit, and the processor includes 
an implantable component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1A-1C are ?oWcharts of methods for 
acquiring and organiZing information as event log entries in 
accordance With embodiments of the invention; 

[0020] FIG. 2 is a block diagram of a respiratory logbook 
system in accordance With embodiments of the invention; 

[0021] FIG. 3 illustrates an exemplary depiction of a user 
interface display that may be used With a respiratory log 
book system in accordance With embodiments of the inven 
tion; 
[0022] FIG. 4 is a block diagram of a medical system that 
may be used to implement a respiratory logbook system in 
accordance With embodiments of the invention; 

[0023] FIG. 5 is a partial vieW of an implantable device 
that may include circuitry for implementing a respiratory 
logbook in accordance With embodiments of the invention; 

[0024] FIG. 6 is a graph illustrating a respiration Wave 
form that may be acquired and organiZed as a portion of a 
respiratory log entry in accordance With embodiments of the 
invention; 
[0025] FIG. 7 is a diagram illustrating an implantable 
transthoracic cardiac device that may be used in connection 
With acquiring and organiZing data for a respiratory logbook 
in accordance With embodiments of the invention; 

[0026] FIG. 8 is a block diagram illustrating a medical 
system including a patient-internal device cooperating With 
a patient-external device to acquire and organiZe informa 
tion in a respiratory logbook in accordance With embodi 
ments of the invention; 

[0027] FIG. 9A provides a timing diagram illustrating the 
acquisition of respiration logbook information for a detected 
event affecting respiration in accordance With embodiments 
of the invention; 

[0028] FIG. 9B provides a timing diagram illustrating the 
acquisition of respiratory logbook information for a pre 
dicted event affecting respiration in accordance With 
embodiments of the invention; 

[0029] FIG. 10A illustrates a marked respiratory Wave 
form in accordance With embodiments of the invention; and 

[0030] FIG. 10B illustrates a marked respiration Wave 
form that is time aligned With an electrocardiogram (ECG) 
graph in accordance With embodiments of the invention. 
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[0031] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs 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 modi?cations, equivalents, and alter 
natives falling Within the scope of the invention as de?ned 
by the appended claims. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

[0032] In the following description of the illustrated 
embodiments, references are made to the accompanying 
draWings that form a part hereof, and in Which is shoWn by 
Way of illustration, various embodiments in Which the 
invention may be practiced. It is to be understood that other 
embodiments may be utiliZed and structural and functional 
changes may be made Without departing from the scope of 
the present invention. 

[0033] Early detection and diagnosis of various types of 
diseases and syndromes may enhance the likelihood of 
successful treatment. HoWever, the onset of some types of 
medical disorders may be very gradual and/or occur in 
discrete episodes, or at times that are inconvenient for 
collecting data, making early detection more dif?cult. Early 
diagnosis may depend on the recognition of changes in 
various physiological conditions that may not be apparent 
during yearly or even monthly check-ups. 

[0034] In one example, breathing rhythm disorders often 
are present only While the patient is asleep. Sleep disordered 
breathing assessments depend upon acquiring data While the 
patient is asleep. Diagnosis of sleep disorders typically 
involves the use of a polysomnographic sleep study per 
formed at a dedicated sleep facility. HoWever, such studies 
are costly, inconvenient to the patient, and may not accu 
rately represent the patient’s typical sleep behavior. 

[0035] In a polysomnographic sleep study, the patient is 
instrumented for data acquisition and observed by trained 
personnel. Assessment of sleep disordered breathing in a 
laboratory setting presents a number of obstacles to acquir 
ing an accurate picture of events occurring during sleep. For 
example, spending a night in a sleep laboratory typically 
causes a patient to experience a condition knoWn as “?rst 
night syndrome,” involving disrupted sleep during the ?rst 
feW nights in an unfamiliar location. In addition, sleeping 
While instrumented and observed may not result in a realistic 
perspective of the patient’s normal sleep patterns. 

[0036] Many types of medical events occur in discrete 
episodes. Periodic monitoring of patient information may 
not be the most effective Way to collect data related to 
discrete events. Due to the transient nature of events, col 
lecting a snapshot of patient information on a daily or 
Weekly basis, or according to another time schedule, may 
not alWays capture event information. Continuous monitor 
ing alloWs detection of aperiodic or infrequent events. 
HoWever, the amount of memory required for storing patient 
information on a substantially continuous basis may be 
prohibitive. 

[0037] Embodiments of the invention are directed to an 
event-based approach to storing and organiZing information 
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associated With medical and/or respiratory events. A log 
book entry includes information, e.g., respiratory and/or 
medical information, acquired during time intervals sur 
rounding an event. In one aspect of the invention, respiratory 
information collected in response to a medical event is 
organiZed as a medical event log entry. In another aspect of 
the invention, medical information collected in response to 
a respiratory event is organiZed as a respiratory event log 
entry. 

[0038] A number of logbook entries form a logbook that 
may be accessed by the user through a user interface. The 
processes described herein enhance the ability to acquire and 
store information about discrete events. Further, the event 
logbook format provides an intuitive approach for organiZ 
ing and presenting the information to patients or physicians. 

[0039] FIG. 1A is a ?oWchart illustrating a method of 
acquiring and organiZing respiratory information collected 
in response to a medical event. The medical event may 
involve various types of events affecting one or more of the 
respiratory system, cardiovascular system, nervous system, 
muscle systems, and/or other physiological systems or com 
binations of physiological systems of the patient. The system 
implementing the method may be programmable to detect or 
predict a particular type of event, for example, a cardiac 
event, such as cardiac arrhythmia or an ectopic beat. The 
system may collect information about one or more respira 
tory parameters during, before and/or after the medical 
event. 

[0040] In response to the detection or prediction 112 of the 
medical event, collection 114 of respiratory information for 
the medical event logbook entry is initiated. In some 
embodiments, the respiratory information is collected 116 
during the event. In other embodiments, the respiratory 
information is collected 116 during the event and during a 
time period proximate to the event. Information may be 
collected during the event, during a period of time preceding 
the event, and/or during a period of time folloWing the event. 
In some embodiments, the information may be collected 
prior to the prediction or detection of the event. 

[0041] To facilitate collection of respiratory information 
preceding the prediction or detection of the event, respira 
tory conditions may be monitored, e.g., on a continuous or 
periodic basis, and stored in a temporary buffer. Temporary 
storage is required to provide information prior to the event 
prediction or detection, e.g., onset data. The siZe of the 
temporary storage buffer may vary according to the medical 
events for Which onset data is desired. Due to the varied 
nature of onset data requirements and the reality of limited 
storage in the system, the system may alloW different onset 
data lengths and different sampling rates for the temporarily 
stored data. In the preferred embodiment the system Would 
use a circular buffer to store the temporary data such that the 
oldest data is replaced by the neWest data. 

[0042] Once initiated, collection of respiratory informa 
tion, Which may involve storage of the information in long 
term memory, may be performed on a substantially continu 
ous basis, or it may be performed periodically. Long term 
storage of data acquired periodically may be bene?cial When 
the event is relatively prolonged, such an in the case of a 
disease or disorder that may linger for several days or Weeks. 
The type of data collected, data collection frequency, and/or 
data collection intervals may be selectable by the user. 
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Further, the system may be programmable to use different 
data collection regimens under different conditions over the 
course of the event. For example, the system may be 
programmable to collect data more frequently during sleep 
or during particular stages of the disease progression, for 
example. The system may be programmed to collect data on 
a continuous basis during some time intervals, and periodi 
cally during other time intervals, for example. 

[0043] Collecting information preceding the event facili 
tates enhanced identi?cation of conditions that may be used 
to detect or predict the occurrence of future events. For 
example, acquiring information preceding a medical event 
alloWs for the identi?cation and assessment of physiological 
conditions present immediately before and leading up to the 
medical event. The identi?cation of precursor conditions for 
medical events may facilitate increased sensitivity and/or 
accuracy in detecting or predicting occurrences of the future 
events. 

[0044] The acquired respiratory information is organiZed 
118 as a medical event log entry. A medical event logbook 
may comprise a number of entries, each entry corresponding 
to a separate medical event. The medical events represented 
in the medical event logbook may comprise, for example, 
cardiovascular system events, nervous system events, res 
piratory system events, or any other medical events affecting 
the patient. The event entries included in medical event log 
may be organiZed according to various categories, including 
for example, event type, event time/date, order of occurrence 
of the event, therapy provided to treat the event, among other 
categories. The selection of categories used to organiZe the 
information may be programmable by the user. The orga 
niZed information may be stored in long term memory, 
displayed, printed, and/or transmitted to a separate device. 
In one approach, the medical event comprises a cardiac 
event. Respiratory information collected before, during and/ 
or after the cardiac event may be stored as a log entry in a 
cardiac arrhythmia logbook, for example. 

[0045] In one embodiment of the invention, the collected 
information for the events is optionally accessible 120 
through an interactive user interface. Selection of events to 
the accessed may involve a hierarchical selection menu, or 
other selection method, for example. In one implementation, 
the user may select a log entry from the menu by activating 
an input mechanism. Upon selection of the log entry, the 
user interface may provide graphical or textual depictions of 
the collected respiratory information associated With the 
medical event. 

[0046] FIG. 1B is a How chart for an embodiment involv 
ing collecting medical information associated With a respi 
ratory event. The respiratory event may be detected or 
predicted 122. The event may include any detectable or 
predictable respiratory event, such as disordered breathing 
(apnea, hypopnea, tachypnea), coughing and/or breathing 
irregularities associated With pulmonary diseases and disor 
ders such as asthma, pulmonary edema, chronic obstructive 
pulmonary disease, and/or pleural effusion, among others. 

[0047] In response to the detection or prediction 122 of the 
respiratory event, collection 124 of medical information for 
the respiratory event logbook entry is initiated. The medical 
information may be collected 124 during the event and/or 
during a time period proximate to the event. Information 
may be collected during the event, during a period of time 
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preceding the event, and/or during a period of time folloW 
ing the event. In some embodiments, the information may be 
collected prior to the prediction or detection of the respira 
tory event. 

[0048] To facilitate collection of medical information pre 
ceding the prediction or detection of the respiratory event, 
the medical information may be monitored, e.g., on a 
continuous or periodic basis, and stored in a temporary 
buffer. Temporary storage is required to provide information 
prior to the event prediction or detection, e.g., onset data. 
The duration of the temporary storage may vary according 
to the respiratory events for Which onset data is desired. For 
example, temporary storage of about one minute may be 
suf?cient to understand onset conditions for an obstructive 
an apnea event Whereas temporary storage of about one day 
may be required to understand onset conditions for an 
asthma event. 

[0049] Due to the varied nature of onset data requirements 
and the reality of limited storage in the system, the system 
may alloW different onset data lengths and different sam 
pling rates for the temporarily stored data. In a preferred 
embodiment, the system uses a circular buffer to store the 
temporary data such that the oldest data is replaced by the 
neWest data. 

[0050] Once initiated, collection of respiratory informa 
tion, Which may involve storage of the information in long 
term memory, may be performed on a substantially continu 
ous basis, or it may be performed during discrete intervals. 
Long term collection of data on a periodic basis may be 
bene?cial When the event is relatively prolonged, such an in 
the case of a disease or disorder that may linger for several 
days or Weeks. Various collection parameters, such as the 
type of data collected, data collection frequency, and/or data 
collection intervals may be selectable by the user. Further, 
the system may be programmable to use different data 
collection regimens under different conditions over the 
course of the event. For example, the system may be 
programmed to collect data more frequently during sleep or 
during particular stages of the disease progression, for 
example. The system may be programmed to collect data on 
a substantially continuous basis during some time intervals, 
and periodically during other time intervals, for example. 

[0051] Collecting medical information preceding the res 
piratory event facilitates enhanced identi?cation of condi 
tions that may be used to detect or predict the occurrence of 
future events. For example, acquiring information preceding 
the event affecting patient respiration alloWs for the identi 
?cation and assessment of physiological conditions present 
immediately before and leading up to the event. In one 
scenario, the patient may experience a period of hyperven 
tilation prior to an apnea event. Collecting respiratory infor 
mation prior to the apnea event alloWs the identi?cation of 
hyperventilation as a precursor condition. The identi?cation 
of precursor conditions for apnea facilitate increased sensi 
tivity and/or accuracy in detecting or predicting future 
occurrences of apnea. 

[0052] Additionally, or alternatively, medical information 
preceding the respiratory event may provide insight into 
conditions that predispose the patient to certain respiratory 
events. Acquiring information preceding the event may 
provide alloW identi?cation of the triggering or causal 
factors of the event. For example, an asthma attack may be 
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induced by increased exercise or a sudden change in ambient 
temperature, e. g., the patient moving from a Warmer location 
to a colder location. Collection of medical information 
preceding the asthma attack alloWs the factors that precipi 
tate the respiratory event to be identi?ed. Such information 
may be used to enhance the detection and/or prediction of 
future events. 

[0053] Information collected folloWing the event may be 
used to assess the acute effects of the event. Episodes of 
disordered breathing, for example, may be associated With 
acute physiological effects, including negative intrathoracic 
pressure, hypoxia, and arousal from sleep. Such effects may 
be detectable for a period of time folloWing the respiratory 
event. 

[0054] For example, obstructive sleep apneas are typically 
terminated by arousal from sleep that occurs several seconds 
after the apneic peak, alloWing the resumption of air?oW. 
Coincident With arousal from sleep, and continuing for some 
period of time after termination of the event, surges in 
sympathetic nerve activity, blood pressure, and heart rate 
occur. 

[0055] During obstructive apnea events, the effort to gen 
erate air?oW increases. Attempted inspiration in the pres 
ence of an occluded airWay results in an abrupt reduction in 
intrathoracic pressure. The repeated futile inspiratory efforts 
associated With obstructive sleep apnea may trigger a series 
of secondary responses, including mechanical, hemody 
namic, chemical, neural, and in?ammatory responses. Col 
lection of data folloWing obstructive sleep apnea events may 
be used to determine the presence and/or severity of the 
secondary responses to obstructive apnea events. The post 
event information enhances the ability to evaluate the impact 
of the secondary responses upon the patient. 

[0056] As previously described, obstructive sleep apnea 
events are typically terminated by arousal from sleep. HoW 
ever, arousals are not usually required for the resumption of 
breathing in central sleep apnea events. In the case of central 
apnea events, the arousals folloW the initiation of breathing. 
Arousals folloWing central apnea events may facilitate the 
development of oscillations in ventilation by recurrently 
stimulating hyperventilation and reducing PaCO2 beloW the 
apneic threshold. Once triggered, the pattern of alternating 
hyperventilation and apnea may be sustained by the com 
bination of increased respiratory drive, pulmonary conges 
tion, arousals, and apnea-induced hypoxia causing PaCO2 
oscillations above and beloW the apneic threshold. Shifts in 
the patient’s state of consciousness, particularly With 
repeated arousals, may further destabiliZe breathing. Col 
lecting information during central apnea events and before 
and/or after the occurrence of the events may alloW identi 
?cation of the oscillations associated With central apnea. 

[0057] The collected medical information, Which may be 
stored in long term memory, transmitted, printed and/or 
displayed is organiZed as a respiratory logbook entry 128. 
The medical information may include various physiological 
and non-physiological data. For example, respiratory system 
data, cardiovascular system data, nervous system data, pos 
ture, activity, medical history data, environmental data (tem 
perature, altitude, air quality) and other types of medical 
information may be organiZed as a respiratory logbook 
entry. The respiratory logbook entry may be stored, trans 
mitted, printed and/or displayed. 
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[0058] A respiratory event logbook may comprise a num 
ber of entries, each entry corresponding to a separate res 
piratory event. The event entries included in medical event 
log may be organiZed according to various categories, 
including for example, event type, event time/date, order of 
occurrence of the event, therapy provided to treat the event, 
among other categories. The selection of categories used to 
organiZe the information may be programmable by the user. 
The organiZed information may be stored in long term 
memory, displayed, printed, and/or transmitted to a separate 
device. 

[0059] The collected information for the events may be 
optionally accessible 130 through an interactive user inter 
face. The interactive user interface may provide access to 
one or more log entries through activation of a selection 
process, involving a hierarchical selection menu, or other 
selection method, for example. In one implementation, the 
user may select a log entry from the menu by activating an 
input mechanism. Upon selection of the log entry, the user 
interface may provide graphical or textual depictions of the 
collected respiratory information associated With the medi 
cal event. 

[0060] Relating to both FIGS. 1A and 1B, the event 
information of the logbook may be stored in long term 
memory using various storage methodologies. For example, 
the logbook may utiliZe a ?at ?le system, hierarchical 
database, relational database, or distributed database. Data 
for a group of events may be analyZed and/or summarized in 
various formats. Graphical and/or textual summary infor 
mation may be displayed on the user interface and/or 
otherWise communicated to the user. For example, histo 
grams, trend graphs, and/or other analytical tools or formats 
may be generated based on the logbook event entries. A 
logbook display may have the ability to display trends of the 
patient’s apnea/hypopnea index, histograms of number of 
apneas/hypopneas and/or obstructive/central events per 
night, sleep stage diagram (shoWs the stage of sleep for each 
night), heart rate trend during the night, oxygen saturation 
trend during the night. 

[0061] In various embodiments, collection of medical 
information may be initiated responsive to prediction of a 
medical event. In this scenario, information may be col 
lected prior to the prediction of the medical event, prior to 
the detection of the medical event, during the event, and/or 
folloWing the event. FIG. 1C is a ?oWchart illustrating an 
embodiment of the invention involving collecting medical 
information responsive to prediction and detection of a 
medical event. In this scenario, a medical event is predicted 
132, initiating collection of information 134. Prior to the 
prediction, medical conditions affecting the patient may be 
monitored continuously or during discrete intervals and 
stored in a temporary buffer. Information contained in the 
temporary buffer represents information occurring before 
the prediction and may be collected for the medical event log 
entry. In addition, information may be collected after the 
prediction and before the detection of the event. If the event 
is detected 135, information may be collected during 136 
and after the detected event. The collected information is 
organiZed 138 as an event log entry. 

[0062] The approaches illustrated and described herein are 
generally presented in terms of a respiratory logbook system 
con?gured to organiZe medical information associated With 
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respiratory events. Those skilled in the art Will recognize 
that analogous approaches may be used to implement orga 
niZation of respiratory information associated With medical 
events in a medical logbook system. 

[0063] FIG. 2 is a block diagram of a logbook system 200 
in accordance With embodiments of the invention. The 
respiratory logbook system 200 implements an event-driven 
method of collecting and organiZing data related to events 
affecting patient respiration. 
[0064] Various patient conditions may be monitored 
through sensors 222, patient input devices 223, and/or 
information systems 224. Data associated With patient con 
ditions may be stored in short term memory 240. One or 
more of the patient conditions may be used by event 
detection circuitry 236 to detect or predict the occurrence of 
an event affecting respiration. Detection or prediction of an 
event affecting. respiration initiates the long term storage of 
information associated With the event by the event informa 
tion processor 232 into the long term memory 260. For 
example, the event information processor 232 may collect 
information supplied by one or more of the sensors 222, 
patient input devices 223, and information systems 224 
before, during, and/or after the detection and/or prediction of 
the event. The collected information associated With each 
event is organiZed as a respiratory logbook entry in the 
respiratory logbook. The respiratory logbook, or portions 
thereof, may be stored in long term memory 260, transmitted 
to a remote device 255, and/or displayed on a display device 
270. 

[0065] The embodiment illustrated in FIG. 2 includes a 
respiration sensor 245 that senses a physiological condition 
modulated by patient respiration. In one embodiment, the 
respiration sensor may comprise a transthoracic impedance 
sensor. Other methods of sensing respiration are also pos 
sible. Such methods may include, for example, the use of 
patient-external respiratory bands, respiration ?oWmeter 
measurements, implantable or patient-external breath sound 
detection, blood oxygen levels, and/or other processes. The 
respiration sensor 245 may be used, for example, to acquire 
a respiration Waveform before, during, and/or after an event 
affecting the patient respiration. The respiration Waveform 
may be a component of the respiratory log entry for the 
event. 

[0066] Information about various conditions affecting the 
patient and associated With the event may be acquired using 
sensors 222, patient input devices 223 and/or other infor 
mation systems 224. The sensors 222 may comprise patient 
internal and/or patient-external sensors coupled through 
leads or Wirelessly to the interface 231 of the respiratory 
logbook system 200. The sensors may sense various physi 
ological and/or non-physiological conditions affecting 
patient respiration or other physiological systems. The 
patient input device 223 alloWs the patient to input infor 
mation relevant to conditions affecting the patient that may 
be useful in generating a respiratory event log. For example, 
the patient input device 223 may be particularly useful for 
acquiring information knoWn to the patient, such as infor 
mation related to patient smoking, drug use, recent exercise 
level, and/or other patient activities, perceptions and/or 
symptoms. The information provided by the patient-input 
device may include patient-knoWn information relevant to 
the event affecting respiration that is not automatically 
sensed or detected by the respiratory logbook system 200. 
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[0067] The respiratory logbook system 200 may also 
include one or more information systems 224 such as a 

remote computing device and/or a netWork-based server. 
The event information processor 232 may access the infor 
mation systems 224 to acquire information from databases 
and/or other information sources stored on or generated by 
the remote computing devices and/or servers. The informa 
tion acquired from the information system s 224 may be 
recorded in the respiratory logbook along With other infor 
mation relevant to the event affecting respiration. In one 
exemplary implementation, the respiratory logbook system 
200 may access an internet connected air quality server to 
collect data related to environmental conditions, such as an 
ambient pollution index. In another implementation, the 
respiratory logbook system 200 may access the patient’s 
medical history through a patient information server. 

[0068] The sensors 222, patient input devices 223, and 
information systems 224 are coupled to other components of 
the respiratory logbook system 200 through interface cir 
cuitry 231. The interface 231 may include circuitry for 
energiZing the sensors 222 and/or for detecting and/or pro 
cessing signals generated by the sensors. The interface 231 
may include, for example, driver circuitry, ampli?ers, ?lters, 
sampling circuitry, and/or A/D converter circuitry for con 
ditioning the signals generated by the sensors. 

[0069] The interface 231 may also include circuitry 250 
for communicating With the patient input device 223, infor 
mation systems 224, a device programmer 255, an APM 
system (not shoWn), or other remote devices. Communica 
tion With the patient input device 223, information systems 
224 and/or a remote device programmer 255 and/or other 
remote devices may be implemented using a Wired connec 
tion or through a Wireless communication link, such as a 
Bluetooth or other Wireless link. The communication cir 
cuitry 250 may also provide the capability to Wirelessly 
communicate With various sensors, including implantable, 
subcutaneous, cutaneous, and/or non-implanted sensors. 

[0070] The respiratory logbook system 200 may option 
ally be implemented as a component of a medical device that 
includes a therapy system, such as a cardiac rhythm man 
agement system 201. The cardiac rhythm management sys 
tem 201 may include cardiac electrodes 225 electrically 
coupled to the patient’s heart. Cardiac signals sensed by 
cardiac sense circuitry 220 may be used in the detection and 
treatment of various anomalies of the heart rhythm. Anoma 
lous heart rhythms may include, for example, a rhythm that 
is too sloW (bradycardia), a heart rhythm that is too fast 
(tachycardia), and/or a heart rhythm that involves insuf? 
ciently synchroniZed contractions of the atria and/or ven 
tricles, a symptom of congestive heart failure. 

[0071] If an arrhythmia is detected by the cardiac rhythm 
management system, then a cardiac therapy circuit 215 may 
deliver cardiac therapy to the heart in the form of electrical 
stimulation pulses, such as pacing and/or cardioversion/ 
de?brillation pulses. The cardiac signals and/or cardiac 
conditions, e.g., arrhythmia conditions, derived or detected 
through the use of the cardiac signals may be associated With 
an event affecting respiration. The cardiac information asso 
ciated With the event may be acquired and organiZed by the 
respiratory logbook system 200. 

[0072] Auser interface may be used to vieW and/or access 
the respiratory logbook information. FIG. 3 illustrates an 
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exemplary depiction of a user interface display 300. An area 
305 of the display may be used to provide textual or 
graphical information about respiratory events. As illus 
trated in FIG. 3, a menu 310 of respiratory events may be 
presented and may enable the user to access additional 
information related to the respiratory event. The menu 310 
may provide a summary of parameters associated With the 
events contained in the respiratory logbook. As illustrated in 
FIG. 3, one or more summary parameter headings, such as 
episode number 321, date/time 322, type 323, duration 324, 
sleep stage 325, and/or environment 326, among other 
parameter headings, may be presented at the top of the menu 
310 or in another convenient location. The summary param 
eter headings 321-326 may be programmable, and additional 
or alternative parameter headings to those depicted in FIG. 
3 may be selected, for example. 

[0073] The type parameter 323 may contain abbreviations 
for various respiratory events. For example AP-C and AP-O. 
may abbreviate central and obstructive apneas respectively, 
HP abbreviates a hypopnea, CS abbreviates Cheyne-Stokes 
respiration and RSB abbreviates rapid-shalloW breathing. 

[0074] The respiratory events displayed as menu items in 
the menu 310 may be selected by a user according to episode 
number, date/time, duration, type, number, or by other 
criteria. The menu items may be selected for display based 
on various criteria ranges and/or thresholds. For example, in 
the example screen illustrated in FIG. 3, different groups of 
events selected as menu items may be selected by activating 
the modify query button 331. The modify query button 331 
and other buttons illustrated on the display may be voice 
activated, activated through touching the display screen, or 
by operating a keyboard or pointing device, for example. 

[0075] In one implementation, activation of the modify 
query button 331 initiates a dialog session that alloWs the 
user to select respiratory events to be presented in the menu 
according various criteria such as by date/time, duration, 
type, number, or by other criteria ranges or thresholds. In 
one example, the user may select all apnea events to be 
presented as menu items. In another example, the user may 
select all events that occurred betWeen a ?rst date and a 
second date. In yet another example, the user may select all 
events that occurred While the patient experienced certain 
environmental conditions, e.g., ambient temperature range 
and/or humidity range. In yet another example, the user may 
choose to select all events of the respiratory logbook. The 
selection criteria may be displayed in an episode query 
selection area 332 of the display. The episode query selec 
tion area 332 in the depiction of a respiratory logbook 
display shoWn in FIG. 3 indicates that all episodes have 
been selected to be displayed as menu items. 

[0076] The menu 310 alloWs the user to choose respiratory 
events for Which additional textual and/or graphical infor 
mation is displayed. The additional information provides 
more detailed information about the selected events beyond 
the summary information presented in the menu 310. In the 
exemplary illustration depicted in FIG. 3, the selections are 
indicated by check marks 307 beside the selected respiratory 
events. For convenience, the display may include a select all 
button 351 and/or a select none button 352. Activation of the 
select all button 351 causes all events in the menu 310 to be 
selected. Activation of the select none button 352 causes all 
events in the menu 310 to be deselected. 
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[0077] FolloWing selection of one or more episodes in the 
menu, activation of the detail button 342 causes detailed 
textual information associated With a selected event to be 
presented on the display screen. The detail information may 
be displayed in the area of the screen 305 previously 
occupied by the menu 310, for example. The user may scroll 
back and forth through the textual information for the one or 
more selected events using the prev button 341 and the next 
button 343. The textual information may be printed upon 
activation of the print button 344, or may be saved to a disk, 
or other storage medium, through activation of the save to 
disk button 355. 

[0078] Graphical information associated With the selected 
events may be displayed upon activation of the signals 
button 362. In one implementation, a respiration Waveform 
acquired during, before and/or after a selected event may be 
displayed in the area 305 of the display previously used for 
the menu 310. Waveforms of other parameters, e.g., cardiac 
rhythm, patient activity, may additionally or alternatively be 
displayed. In one implementation, a marked Waveform may 
be displayed. For example, a marked respiration Waveform 
may include the respiration Waveform acquired before, 
during, and after the event, along With one or more symbols 
aligned With the respiration Waveform to indicate the occur 
rence of one or more conditions. The symbol may provide a 
numerical value or a textual description associated With the 
respiration characteristic, e. g., average respiration rate, expi 
ratory slope, etc. In one example, various characteristics of 
disordered breathing events including quanti?able charac 
teristics, such as episode duration, blood oxygen saturation, 
disordered breathing type, and/or other detected character 
istics may also be displayed along With the respiration 
Waveform. A user may scroll through the Waveforms asso 
ciated With the selected events using the prev and next 
buttons 341, 343. 

[0079] FIG. 4 is a block diagram of a medical system that 
may be used to implement a respiratory logbook system in 
accordance With embodiments of the invention. The medical 
system may include, for example, one or more patient 
internal medical devices 420 and one or more patient 
external medical devices 430. Each of the patient-internal 
420 and patient-external 430 medical devices may include 
one or more of a patient monitoring unit 427, 437, a 
diagnostics unit 429, 439, and/or a therapy unit 428, 438. 
Respiratory logbook circuitry 411, as described more fully 
in connection With FIG. 2 above, including an external 
device interface, event detector/predictor, event information 
processor and/or memory, for example, can be housed in a 
patient internal medical device 420, a patient external medi 
cal device 430, a remote system such as advanced patient 
medical (APM) system 440 or in any combination of the 
above-mentioned devices 420, 430, 440. 

[0080] The patient-internal medical device 420 may be a 
fully or partially implantable device that performs monitor 
ing, diagnosis, and/or therapy functions. The patient-exter 
nal medical device 430 may perform monitoring, diagnosis 
and/or therapy functions external to the patient (i.e., not 
invasively implanted Within the patient’s body). The patient 
external medical device 430 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 430 may be positioned Within an ori?ce of 
the body, such as the nasal cavity or mouth, yet can be 


























