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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to providing an evaluation of heart failure status based at least in part
on a disordered breathing index.

BACKGROUND OF THE INVENTION

[0002] 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 cardiovascular 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 functional unit denoted the
cardiopulmonary system.
[0003] Various disorders that affect the cardiovascular system may also impact respiration. For example, 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. Heart failure (HF) is sometimes referred to as congestive heart failure due to the accom-
panying 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.
[0004] Various types of disordered respiration are associated with HF. For example, rapid shallow breathing is one of
the cardinal signs of heart failure. The appearance of rapid, shallow breathing in a HF patient is often secondary to
increased pulmonary edema, and can indicate a worsening of patient status. An abnormally high respiration rate thus
can be an indicator of HF decompensation. It is estimated that nearly one million hospital admissions for acute decom-
pensated congestive heart failure occur in the United States each year, which is almost double the number admitted 15
years ago. The re-hospitalization rates during the 6 months following discharge are as much at 50%. Nearly 2% of all
hospital admissions in the United States are for decompensated HF patients, and heart failure is the most frequent cause
of hospitalization in patients older than 65 years. The average duration of hospitalization is about 6 days. Despite
aggressive therapies, hospital admissions for HF continue to increase, reflecting the prevalence of this malady.
[0005] Because of the complex interactions between the cardiovascular, pulmonary, and other physiological systems,
as well as the need for early detection of various diseases and disorders, an effective approach to monitoring and early
diagnosis is needed. Accurately characterizing patient respiration aids in monitoring and diagnosing respiration-related
diseases or disorders. Evaluating patient respiration information may allow an early intervention, preventing serious
decompensation and hospitalization.
[0006] Document WO2005037355 discloses methods and apparatus for assessing heart failure in a patient by calcu-
lation or determination of a heart failure indicator or index based on detection of obstructive and central apnea.

SUMMARY OF THE INVENTION

[0007] In accordance with the invention there is provided a system for providing patient assessment, as defined by
the appended claims.
[0008] Also disclosed herein is a method for operating a medical device to provide a patient assessment. Patient
respiration is sensed and a respiration signal is generated. Disordered breathing episodes are detected based on the
respiration signal. A disordered breathing index is determined based on the disordered breathing episodes. The disor-
dered breathing index is trended and used to evaluate heart failure status. At least one of sensing patient respiration,
detecting the disordered breathing episodes, determining the disordered breathing index, trending the index and eval-
uating the heart failure status is performed at least in part implantably.
[0009] In the system for providing a patient assessment, a data acquisition module includes a respiration sensor and
is configured to generate a signal responsive to patient respiration. A disordered
breathing detector is coupled to the respiration sensor and is configured to detect disordered breathing episodes based
on the respiration signal. An index processor determines a disordered breathing index based on the detected disordered
breathing episodes. A trend/storage module is configured to develop and store a trend of the disordered breathing index.
A diagnostics unit is configured to evaluate heart failure status based on the disordered breathing index trend.
[0010] The above summary of the present invention is not intended to describe each embodiment or every implemen-
tation of the present invention. Advantages and attainments, together with a more complete understanding of the inven-
tion, will become apparent and appreciated by referring to the following detailed description and claims taken in con-
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junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figures 1A and 1B are methods for providing patient assessment in accordance with embodiments of the invention;
Figures 2A and 2B are charts illustrating classification of individual and periodically occurring disordered breathing
events;
Figure 3 is a block diagram of a medical system that may be used to implement a system for heart failure status
evaluation in accordance with embodiments of the invention;
Figure 4 is a partial view of one embodiment of an implantable medical device in accordance with embodiments of
the invention; and
Figures 5A and 5B are flowcharts of methods for evaluating heart failure status using a disordered breathing index
determined based on discrimination of obstructive disordered breathing event and central disordered breathing
events in accordance with embodiments of the invention;
Figures 6A and 6B are flowcharts of methods for evaluating heart failure status using disordered breathing indices
determined based on lengths of disordered breathing episodes or lengths of certain portions of disordered breathing
episodes, respectively, in accordance with embodiments of the invention;
Figure 6C is a flowchart of a method for evaluating heart failure status based on frequency of disordered breathing
in accordance with embodiments of the invention;
Figure 6D is a graph illustrating frequency components of a Cheyne Stokes respiration signal which may be used
to track HF progression in accordance with embodiments of the invention;
Figure 7A is a flowchart of a method for evaluating heart failure status using a disordered breathing index determined
based on modulation of tidal volume during Cheyne-Stokes respiration episodes in accordance with embodiments
of the invention;
Figure 7B is a flowchart of a method for evaluating heart failure status based on time to reach maximum tidal volume
during Cheyne-Stokes respiration in accordance with embodiments of the invention;
Figure 8 is a flowchart of a method for evaluating heart failure status using a disordered breathing index determined
based on a ratio of respiration rate to tidal volume during rapid shallow breathing episodes in accordance with
embodiments of the invention;
Figure 9 is a flowchart of a method for evaluating heart failure status using a disordered breathing index combined
with additional patient information in accordance with embodiments of the invention;
Figure 10 is a flowchart of a method for evaluating heart failure status based on a disordered breathing index that
takes into account patient activity during disordered breathing in accordance with embodiments of the invention; and
Figure 11 is a flowchart of a method for evaluating heart failure status based on a disordered breathing index that
takes into account patient posture during disordered breathing in accordance with embodiments of the invention.

[0012] 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

[0013] In the following description of the illustrated embodiments, 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
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.
[0014] Cardiac rhythm management (CRM) devices, such as pacemakers, defibrillators, and resynchronizers, may
be used as a platform to deploy additional sensors for acquiring information useful in diagnosing and/or tracking a variety
of patient symptoms or conditions in addition to cardiac conditions. For example, sensing circuitry disposed in conjunction
with CRM circuitry may be used to detect disordered breathing (DB) conditions, such as apnea, rapid shallow breathing,
and/or Cheyne-Stokes respiration. Detecting and evaluating DB may enable a clinician to more easily diagnose and
track the progression of heart failure (HF) and/or symptoms associated with HF, such as edema, orthopnea, and/or
dyspnea, including paroxysmal nocturnal dyspnea.
[0015] In accordance with embodiments of the invention, an implantable CRM device may monitor a patient’s respi-
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ration, e.g., using transthoracic impedance sensors and/or other respiration sensors, to detect DB episodes and acquire
other information related to the DB episodes. The DB information may be used to develop a DB index that quantifies
some aspect of the patient’s DB. The DB index may be trended over a period of time. The patient’s HF status may be
evaluated based on the DB trend and the evaluation may be presented to the clinician, possibly along with other infor-
mation related to patient health.
[0016] The processes that provide HF evaluation in accordance with embodiments of the invention may be implemented
using a single implantable device, or may be implemented using a system of multiple devices, such as multiple devices
operating as an advanced patient management system. If multiple devices are used, the various processes described
herein may be divided between the system components. An implanted device or a system of devices according to the
present invention may include one or more of the features, structures, methods, or combinations thereof described
herein. For example, a device or system may be implemented to include one or more of the described features and/or
processes. It is intended that such a device or system need not include all of the features described herein, but may be
implemented to include selected features that provide for unique structures and/or functionality. Such a device or system
of devices may be implemented to provide a variety of diagnostic and/or therapeutic functions.
[0017] Figure 1A illustrates a flowchart of a method for providing patient assessment. The method includes sensing
110 patient respiration and generating a respiration signal. Disordered breathing episodes are detected based on the
respiration signal. A DB index is developed 112 and is trended 114 over a period of time. The patient’s HF status is
evaluated 116 based on the DB trend.
[0018] Once the DB severity index is determined, the HF evaluation may involve one or more optional processes. For
example, the device or system may initiate, terminate, or modify 118 a therapy delivered to the patient. In various
configurations, the therapy may involve one or more of an electrostimulation therapy, such as cardiac electrostimulation,
a nerve stimulation therapy, a drug therapy, a respiration therapy, a patient-external therapy, a patient-internal therapy,
a combination of therapies, or other processes to treat patient conditions.
[0019] Information related to the DB trend and/or HF evaluation may be presented to a clinician, such as via a display
or other user interface device. The DB trend/HF evaluation may be presented 120 along with other patient information
such as medical history, disease etiology, previous and current therapies, data acquired or derived from other sensors,
and/or other information related to, or unrelated to HF status. The DB trend/HF evaluation may involve, for example,
one or more of metrics or evaluations derived from the DB trend, suggestions regarding diagnosis or treatment, com-
parisons with similarly situated patient populations, predictions regarding progression or outcomes, or other information
of diagnostic or therapeutic value.
[0020] In some cases, an alert may be generated 122 based on the DB trend or HF evaluation. For example, the alert
may be generated when the DB trend indicates a sudden change the patient’s condition or a more gradual change
beyond a threshold amount, or a change beyond a threshold for a predetermined length of time. The alert may be
generated, for example, to indicate that the clinician or patient should take some action to alleviate the patient symptoms.
The alert may comprise any perceivable stimulus, including an audible, visual, or vibratory alert. The alert may involve
transmission of an alert message, such as via email, pager, and/or cellular telephone. In some embodiments, respiration
information, DB index and/or HF evaluation information may be transferred 124 to a remote device either automatically
according to a pre-established schedule, or on demand. For example, the respiration information, DB index and/or HF
evaluation information may be transferred periodically or on command to a remote advanced patient management system.
[0021] In some embodiments, a subset of the functions of the heart failure assessment may be implemented in an
implanted device and other functions implemented in a patient external device wirelessly coupled to the implanted device.
In other embodiments, all of the heart failure assessment functionality is provided in an implanted device.
[0022] According to embodiments of the invention, the patient’s transthoracic impedance may be sensed and used to
generate a respiration signal. Various types and/or characteristics of disordered breathing may be determined based
on the respiration signal. Figures 2A and 2B provide charts illustrating classification of individual disordered breathing
events and series of periodically recurring disordered breathing events, respectively. As illustrated in Figure 2A, individual
disordered breathing events may be grouped into apnea, hypopnea, tachypnea and other disordered breathing events.
Apnea events are characterized by an absence of breathing. Intervals of reduced tidal volume are classified as hypopnea
events. Tachypnea events include reduced intervals of respiration associated with an elevated respiration rate.
[0023] As illustrated in Figure 2A, apnea and hypopnea events may be further subdivided as either central events,
related to central nervous system dysfunction, or obstructive events, caused by upper airway obstruction. A tachypnea
event may be further classified as a hyperpnea event, represented by hyperventilation, i.e., rapid deep breathing, typically
acutely after an apnea or hypopnea. A tachypnea event may alternatively be classified as rapid shallow breathing,
typically of prolonged duration.
[0024] Figure 2B illustrates classification of combinations of periodically recurring disordered breathing events. Periodic
breathing may be classified as obstructive, central or mixed. Obstructive periodic breathing is characterized by cyclic
respiratory patterns with an obstructive apnea or hypopnea event in each cycle. Central periodic breathing involves
cyclic respiratory patterns including a central apnea or hypopnea event in each cycle. Periodic breathing may also be
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of mixed origin. Mixed origin periodic breathing is characterized by cyclic respiratory patterns having a mixture of ob-
structive and central events in each cycle. Cheyne-Stokes is a particular type of periodic breathing involving a gradual
waxing and waning of tidal volume and having a central apnea and hyperpnea event in each cycle. Other manifestations
of periodic breathing are also possible. Disordered breathing episodes may be classified based on the characteristic
respiration patterns associated with particular types of disordered breathing.
[0025] Using the respiration signal, a disordered breathing severity index may be generated. In one implementation,
the disordered breathing severity index may be based on the number of disordered breathing occurrences over a period
of time. In various implementations, the disordered breathing index used to assess HF may be an apnea index (Al,
number of apnea events per unit time), a hypopnea index (HI, number of hypopnea events per unit time) or an apnea
hypopnea index (AHI, the number of apnea and hypopnea episodes per hour). The disordered breathing index is rep-
resentative of the severity of disordered breathing experienced by the patient, e.g., the severity of apnea or the severity
of CSR. Other variables such as average duration of a disordered breathing event, number of apneic versus hypopneic
events. Yet other variables relating to physiological parameters affected by disordered breathing may be used in the
disordered breathing severity index. For example, the average decrease in blood oxygen saturation, a change in heart
rate, a change in blood pressure, a change in electromyogram (EMG), and/or a change in electroencephalogram (EEG)
during respiration events may also be used to determine the disordered breathing index.
[0026] Figure 1B illustrates a number of optional processes that may be employed to develop a DB index trend and
to evaluate heart failure status in accordance with embodiments of the invention. The patient’s respiration is sensed and
a respiration signal is generated 125. Various optional processes 130-135, 140-145, 150-155, 160-165, 170-175 may
be implemented to determine a disordered breathing index that quantifies some aspect of the patient’s disordered
breathing useful for evaluating HF status. The disordered breathing index may be trended 190 and used to evaluate
195 HF status.
[0027] According to one embodiment, the device or system may count 150 the number of DB episodes experienced
by the patient. The DB index may be developed 155 as the number of DB episodes experienced by the patient within a
specified period of time. In some implementations, the DB index may comprise an apnea/hypopnea index (AHI) which
quantifies the number of apnea or hypopnea episodes experienced by the patient per hour.
[0028] According to one embodiment, development of the disordered breathing index may involve discriminating 130
between different types of disordered breathing based on origin. Obstructive and central disordered breathing can coexist
in patients with HF. However, central disordered breathing is more closely associated with the progression of heart
failure than obstructive disordered breathing. Thus, HF evaluation may be enhanced by using a DB index developed
135 based predominantly on information related to central disordered breathing episodes, without including obstructive
disordered breathing information. Alternatively, HF evaluation may be performed using a DB index based on a ratio of
central to obstructive DB, or other metrics that require discrimination between central and obstructive DB.
[0029] In some embodiments, the DB index may be developed based on characteristics of the respiration signal during
the DB episode, such as timing and/or morphology characteristics of the respiration signal. For some patients, the length
of DB episodes or of particular portions of the DB episodes may increase as HF worsens. In these situations, HF status
may be determined based on an increase in the length of the DB episodes. As indicated as Figure 1B, the HF evaluation
process may involve determining 140 the length of the DB episodes experienced by the patient or determining the length
of a portion or portions of the DB episodes. The length of the DB episodes or DB episodes portion(s) may be used to
develop 145 the DB index.
[0030] In some embodiments, the DB index may relate to the modulation of respiration tidal volume during periodic
breathing (PB) episodes such as Cheyne-Stokes respiration (CSR). An increase in tidal volume modulation during CSR
has been shown to be correlated to a worsening of the patient’s HF status. The modulation of the tidal volume of breath
intervals during CSR (or other PB episodes) may be determined 160 based on the generated respiration signal. A DB
index may be developed 165 that quantifies the degree or depth of tidal volume modulation during CSR.
[0031] Some patients may experience periodic breathing at fairly regular intervals. In some embodiments, a DB index
may be developed 190-195 based on the periodicity of the periodic breathing pattern.
[0032] In some embodiments, the generated respiration signal and/or one or more DB indices may be combined 187
with additional information related to disordered breathing and/or to the patient’s health status to evaluation HF status.
Various additional information may be acquired 180 via sensors, questionnaires, and/or other information gathering
processes. A representative list of information that may be combined with the DB index includes, but is not limited to,
patient medical history information 181, posture during DB episodes 182, whether the patient is asleep or awake during
DB episodes 183, time of night/day that DB occurs 184, sleep stage during DB episodes 184, whether or not the patient
is active or inactive during DB episodes 185, and/or other information 186, such as cardiac flow, cardiac pressure,
edema, blood electrolyte levels, blood neurohormone information, that serves to provide the context of the patient’s
situation during disordered breathing episodes.
[0033] Information about the context surrounding the DB episodes affecting the patient may be used to enhance the
evaluation of HF status. An index or other metric may be determined 180 based on patient respiration and the additional
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information. The combined index may be used to develop 187 a trend and HF status of the patient may be evaluated
195 based on the trend.
[0034] Disordered breathing that occurs while the patient is active, such as during a period of time the patient is
exercising, is less symptomatic of HF progression than DB episodes that occur during sleep or periods of rest. Thus,
the HF evaluation processes may involve acquiring 185 additional information from an activity sensor used to indicate
the level of patient activity during a detected DB episode. DB episodes that occur when the patient is very active may
be ignored, or may be given less weight than DB episodes that occur when the patient is asleep or at rest.
[0035] In another example, assessment of the patient’s overall health may involve tracking changes in the level of
patient activity over a period of time. A sudden or progressive decline in overall patient activity may be an indication of
HF decompensation. Correlating changes in DB to patient activity may provide an early warning with respect to sudden
HF decompensation, possibly allowing time for clinician response and/or therapy modification to mitigate the effects of
decompensation. For example, a metric or index based on a combination of patient activity and DB characteristics may
be developed that allows earlier identification of patients in danger of a sudden worsening of HF symptoms. The combined
metric or index may be compared to a threshold used for triggering an alert if a rapid increase in the severity of symptoms
related to HF is detected.
[0036] In one embodiment, the additional information may be acquired 181 from the patient via a medical history
questionnaire or other patient input. The additional information may relate to the patient’s medical history, patient etiology
and/or comorbidities (e.g., atrial fibrillation (AF), chronic obstructive pulmonary disease (COPD), renal disease, etc.),
mode of progression to decompensation, perception of labored breathing (dyspnea), and/or current HF status. The
additional information may be factored into a metric or other index and used in HF evaluation, or may be used to modify
a threshold used in connection with generating an alert or providing therapy, for example.
[0037] In one embodiment, the DB episode information may be used in combination with acquired information that
relates to the sleep/wake status 183 and/or time of night or sleep stage 184 of the patient. As previously described, DB
episodes that occur during sleep may be more symptomatic of HF progression than DB episodes that occur when the
patient is awake and active. In addition, DB episodes that occur during certain sleep stages or certain times of the night
may be more symptomatic of worsening HF status than DB episodes that occur during other sleep stages. For example,
DB episodes that occur during rapid eye movement (REM) sleep may be less associated with HF than DB episodes
that occur during more quiescent sleep stages, such as state 3 or stage 4 sleep.
[0038] In one embodiment, the HF evaluation process may detect DB episodes, detect sleep stage, and correlate the
DB episodes to sleep stage. An index or other metric may be developed based on the correlation of DB episodes to
sleep stage. For example, a DB index may be developed using weighted coefficients applied to a number or severity
index of DB episodes occurring during various states of sleep or wakefulness. For example, the coefficient applied to
the number or severity index of DB episodes occurring during non-REM sleep may be higher than the coefficient applied
to the number or severity index of DB episodes occurring during REM sleep and the number or severity index of DB
episodes occurring during awake rest may be greater than the coefficient applied to the number or severity index of DB
episodes occurring while the patient is active. Expressed mathematically, the combined DB index may be developed as
in Equation 1: 

where a1 and a2 are constant coefficients, DBNon-REM is the disordered breathing index associated with disordered
breathing episodes occurring in non-REM sleep, DBREM is the disordered breathing index associated with disordered
breathing episodes occurring during REM sleep, DBawake is the disordered breathing index associated with disordered
breathing episodes occurring while the patient is awake, and f(a) is a function of the patient activity.
[0039] As previously discussed, obstructive and central disordered breathing may coexist in some HF patients. It has
been observed that the disordered breathing experienced by the patient may shift during the night from predominantly
obstructive DB during the first portion of the night to predominately central disordered breathing during the second portion
of the night. The shift in DB type may be caused by a reduction in PCO2, related to deterioration of cardiac function
during the night. In some embodiments, an index or metric may be developed that correlates DB episode information
with the time of night that the DB occurs. In this embodiment, DB occurring during the later portion of the night, which
is more likely to be central DB, may be factored in more heavily than DB occurring during the earlier portion of the night,
which is more likely to be obstructive DB. In other embodiments, a DB trend may be developed based on the time of
night that the DB transitions from predominantly obstructive DB to predominately central DB.
[0040] In one embodiment, posture information may be acquired 182 and correlated with DB. HF patients typically
experience orthopnea, which is difficulty in breathing unless standing or sitting up. Disordered breathing may increase
in HF patients when they are reclining or lying down due to an increase in pulmonary congestion that occurs during
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these postures. As a result, many HF patients sleep sitting up, or sleep with their torso propped up on several pillows.
A DB index, e.g., based on the frequency, pattern, and/or length of DB episodes, may be enhanced by factoring in the
posture or tilt angle of the patient during the DB episodes. For example, a DB index may be developed using respiration
information that takes also takes into account tilt angle, providing a more accurate assessment of changes in frequency
and/or length of DB episodes.
[0041] In one example, a DB index may be developed as a modified apnea/hypopnea index, where each DB episode
is weighted by a factor associated with the tilt angle of the patient during the DB episode. In one scenario, DB episodes
occurring when the patient is standing or sitting upright (tilt angle = 90°)are multiplied by a weighting factor of 1, DB
episodes occurring when the patient is lying down (tilt angle = 0°) are multiplied by a factor of 0, with the weighting factors
of tilt angles between 90° and 0° scaled accordingly. Using this scheme, DB episodes that occur while the patient is
standing or sitting upright are counted as more significant than episodes occurring when the patient is lying down.
[0042] In another example, multiple DB indices may be developed for particular tilt angles. For example, one DB index,
such as the AHI, may be calculated based on DB episodes occurring while the patient posture corresponds to a first tilt
angle or tilt angle range. A second AHI may be calculated based on DB episodes occurring while the patient posture
corresponds to a second tilt angle or tilt angle range, and so forth. Several of the posture corrected AHIs may be added,
averaged, or otherwise combined, and the result may be trended and used for HF evaluation.
[0043] Figure 3 is a block diagram of an HF evaluation system 300 that may be used to implement the methodologies
of the present invention. The system includes a data acquisition module 320 that comprises at least a respiration sensor
321 configured to sense patient respiration and generate a respiration signal. In accordance with some embodiments,
an implantable transthoracic impedance sensor such as the type of sensor used in rate adaptive pacemakers may be
used to generate a respiration signal. Disordered breathing episodes are detected by a disordered breathing detector
330. The disordered breathing detector 330 may be configured to recognize the respiration patterns, e.g., breath rate
and/or tidal volume patterns, characteristic of various forms of disordered breathing, including apnea, hypopnea, CSR,
periodic breathing, hyperpnea, and/or other DB patterns.
[0044] In some embodiments, the information from the disordered breathing detector 330 is used by the index processor
333 to determine a DB index that characterizes the disordered breathing experienced by the patient. For example, in
one embodiment, index processor 333 calculates a DB index, such as an AHI, that reflects the number of DB episodes
experienced by the patient over a period of time. In another embodiment, the index processor 333 determines a DB
index that is based on lengths of the DB episodes or lengths of certain portions the DB episodes.
[0045] In one embodiment, the index processor 333 may discriminate DB episodes that are centrally mediated from
DB episodes caused by breathing obstructions. The index processor 333 may determine an index based on one or both
of these DB types.
[0046] In one embodiment, the index processor 333 may process the respiration signal to determine the tidal volume
of one or more breath intervals during a DB episode. The index processor 333 may determine the degree of modulation
of the patient’s tidal volume during DB and may develop an index based on the degree of modulation.
[0047] In one implementation, the data acquisition module 320 may incorporate additional sensors 322 configured to
acquire information related to patient posture, activity, sleep state, time of night, sleep stage and/or other sensed infor-
mation. The data acquisition module 320 may also include an input device 324 capable of receiving patient information,
such as medical history information recorded from a questionnaire. The additional information may be used in conjunction
with the respiration information, for example, to form a combination index based on the DB episode information and the
additional information.
[0048] A storage/trend unit 340 may store indices and/or may develop and store a trend or trends based on the indices
determined by the index processor 333. The trend information may be used by an HF diagnostics unit 350 to evaluate
HF status and/or to track the progression of HF decompensation and/or to perform other diagnostic functions. The trends
developed as described herein may be used in a number of ways to assist in the diagnosis and/or treatment of patients
suffering from HF and/or other respiratory or cardiopulmonary disorders. According to one aspect of the invention, the
trend information may be presented to a patient’s physician for use in making diagnosis and/or therapy decisions. In
one implementation, trend information developed by the trend/storage unit 340 may be configured by the diagnostics
unit 350 for presentation for viewing on demand by the physician via a display of a device programmer 360 or other
remote device. The physician may use the trend information to diagnose the patient and/or to initiate, terminate or modify
therapy delivered to the patient. In some implementations, the HF evaluation system 300 may communicate with a
remote device, such as the device programmer 360 or advanced patient management system (APM) to download trend
information periodically so that current trend information is available to the physician.
[0049] According to another aspect, the trend information may be used by the diagnostics unit 350 to automatically
make a diagnosis and/or to automatically develop a control signal that is coupled to therapy control circuitry 370. The
control signal may and direct the therapy control circuitry 370 to initiate, terminate, or modify therapy, such as a cardiac
electrostimulation therapy, a drug therapy, a respiration therapy, and/or other types of therapy.
[0050] The diagnostics unit 350 may compare the trends developed as described in the various embodiments, to one
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or more thresholds. The diagnostics unit 350 may detect or diagnose the presence of HF, may determine the progression
or regression of HF symptoms, and/or may determine if therapy should be modified based on the comparison.
[0051] If the HF evaluation system 300 automatically produces a diagnosis, the diagnosis may be displayed or otherwise
provided on demand, or in the form of an automatic alert generated when patient conditions indicate that the patient
symptoms have deteriorated beyond a trigger level. If the diagnostics unit 350 automatically initiates, terminates, or
modifies therapy, the diagnostics unit 350 may develop a control signal transmitted to one or more therapy control units
370 indicating the therapy change. The control signal may be generated by the diagnostics unit 350 based on trend
information developed from one or more indices.
[0052] For example, if the HF evaluation system 300 produces a control signal coupled to the therapy control circuitry
of a CRM device, the control signal may control modification of various pacing parameters. In such an implementation,
the therapy modification may include changing the pacing mode, e.g., switching pacing from single ventricular pacing
to bi-ventricular pacing, changing the pacing site, changing pacing rate, and/or modifying various pacing delays such
as the atrioventricular pacing delay and/or the interventricular pacing delay.
[0053] In another example, if the HF evaluation system 300 is used in conjunction with an implantable drug delivery
device, such as a drug pump, the HF evaluation system 300 may automatically modify the type and/or titration of drugs
used to treat HF or symptoms of HF. Alternatively, the HF evaluation system 300 may inform the patient that their
medication should be changed. The automatic therapy modification may be remotely reviewed and approved by the
patient’s physician prior to making or suggesting the modification.
[0054] Referring now to Figure 4 of the drawings, there is shown a CRM device that may be used to implement HF
evaluation processes in accordance with the present invention. The CRM device illustrated in Figure 4 includes an
implantable cardioverter/defibrillator (ICD) 400 electrically and physically coupled to a lead system 402.
[0055] Portions of the intracardiac lead system 402 are inserted into the patient’s heart 490. The intracardiac lead
system 402 includes one or more electrodes configured to sense electrical cardiac activity of the heart 401, deliver
electrical stimulation to the heart 401, sense the patient’s transthoracic impedance, and/or sense other physiological
parameters, e.g., thoracic, cardiac or vascular pressure, temperature or other physiological parameters. Portions of the
housing 403 of the ICD 400 may optionally serve as a can electrode.
[0056] In the embodiment shown in Figure 4, the lead system 402 includes an intracardiac right ventricular (RV) lead
system 404, an intracardiac right atrial (RA) lead system 405, and an intracardiac left ventricular (LV) lead system 406.
[0057] The right ventricular lead system 404 illustrated in Figure 4 includes an SVC-coil 416, an RV-coil 414, an RV-
ring electrode 411, and an RV-tip electrode 412. The right ventricular lead system 404 extends through the right atrium
420 and into the right ventricle 419. In particular, the RV-tip electrode 412, RV-ring electrode 411, and RV-coil electrode
414 are positioned at appropriate locations within the right ventricle 419 for sensing and delivering electrical stimulation
pulses to the heart. The SVC-coil 416 is positioned at an appropriate location within the right atrium chamber 420 of the
heart 401 or a major vein leading to the right atrial chamber 420 of the heart 401.
[0058] In one configuration, the RV-tip electrode 412 referenced to the can electrode may be used to implement
unipolar pacing and/or sensing in the right ventricle 419. Bipolar pacing and/or sensing in the right ventricle may be
implemented using the RV-tip 412 and RV-ring 411 electrodes. In yet another configuration, the RV-ring 411 electrode
may optionally be omitted, and bipolar pacing and/or sensing may be accomplished using the RV-tip electrode 412 and
the RV-coil 414, for example. The right ventricular lead system 404 may be configured as an integrated bipolar pace/shock
lead. The RV-coil 414 and the SVC-coil 416 are defibrillation electrodes.
[0059] The left ventricular lead 406 includes an LV distal electrode 413 and an LV proximal electrode 417 located at
appropriate locations providing electrical coupling to the left ventricle 424 for pacing and/or sensing the left ventricle
424. The left ventricular lead 406 may be guided into the right atrium 420 of the heart via the superior vena cava. From
the right atrium 420, the left ventricular lead 406 may be deployed into the coronary sinus ostium, the opening of the
coronary sinus 450. The lead 406 may be guided through the coronary sinus 450 to a coronary vein of the left ventricle
424. This vein is used as an access pathway for leads to reach the surfaces of the left ventricle 424 which are not directly
accessible from the right side of the heart. Lead placement for the left ventricular lead 406 may be achieved via subclavian
vein access and a preformed guiding catheter for insertion of the LV electrodes 413, 417 adjacent to the left ventricle.
[0060] Unipolar pacing and/or sensing in the left ventricle may be implemented, for example, using the LV distal
electrode referenced to the can electrode. The LV distal electrode 413 and the LV proximal electrode 417 may be used
together as bipolar sense and/or pace electrodes for the left ventricle. The left ventricular lead 406 and the right ventricular
lead 404, in conjunction with the ICD 400, may be used to provide cardiac resynchronization therapy such that the
ventricles of the heart are paced substantially simultaneously, or in phased sequence separated by in interventricular
delay, to provide enhanced cardiac pumping efficiency for patients suffering from HF.
[0061] The right atrial lead 405 includes a RA-tip electrode 456 and an RA-ring electrode 454 positioned at appropriate
locations in the right atrium 420 for sensing and pacing the right atrium 420. In one configuration, the RA-tip 456 referenced
to the can electrode, for example, may be used to provide unipolar pacing and/or sensing in the right atrium 420. In
another configuration, the RA-tip electrode 456 and the RA-ring electrode 454 may be used to effect bipolar pacing
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and/or sensing.
[0062] The ICD 400 may include sensing circuitry for sensing patient respiration. The respiration sensor may be
configured, for example, using the intracardiac electrodes to develop the transthoracic impedance signal which tracks
respiration. Respiration sensor drive circuitry disposed within the CRM housing 403 provides the necessary drive signals
to activate drive electrodes. Response signals are sensed via sense electrodes and are conditioned by the respiration
sense circuitry.
[0063] The ICD 400 and lead system 402 may be used to support various sensors in addition to the cardiac and
respiration sensors previously described. For example, patient activity may be detected using an accelerometer disposed
within the ICD housing 403. Patient posture may be determined using a multiaxial sensor responsive to the orientation
of the patient’s body with respect to a gravitational field. Sleep state may be detected, for example, using a combination
of respiration and patient activity, as described in commonly owned U.S. Patent Application 10/309,771, which is incor-
porated herein by reference. REM sleep may be detected using a strain gauge or electromyogram (EMG) sensor posi-
tioned on the ICD housing 400 or lead system 402 as described in commonly owned U.S Patent Application 10/643,006.
Sleep stage may alternatively be sensed via electroencephalogram (EEG), for example.
[0064] Figures 5A and 5B are flowcharts illustrating various implementations for evaluating HF status using a DB index
determined based on discrimination between central and obstructive DB types. As previously mentioned, periodic breath-
ing, such as CSR, is associated with a respiration pattern that includes periods of waxing tidal volume (hyperventilation
portions) and periods of waning tidal volume (apneic portions). In some embodiments, obstructive DB is discriminated
from central DB based on one or more characteristics of the hyperventilation phase of the periodic breathing. Central
DB is discriminated from obstructive DB based on the suddenness of the transition from apnea to hyperventilation. For
obstructive DB, these transitions are more pronounced and sudden in comparison to the transitions in central DB episodes,
which are more gradual. In one implementation, discrimination between obstructive and central DB may be performed
based on the location of the centroid of the modulated waveform of CSR with respect to tidal volume during the hyper-
ventilation portions of the CSR episode. The centroid of the respiration signal with respect to tidal volume during hyper-
ventilation portions of obstructive DB is expected to have a smaller time coordinate and a larger amplitude coordinate
when compared to the respiration signal of central DB.
[0065] In accordance with another implementation, illustrated in Figure 5A, discrimination between central and ob-
structive disordered breathing is based on the characteristics of the hyperventilation phase of periodic breathing (PB).
In this implementation, patient respiration is sensed 560 using a transthoracic impedance sensor and a respiration signal
is generated. Periodic breathing is detected 562 based on a characteristic PB breathing pattern involving alternating
patterns of hyperpnea 564 or apnea 566. During the hyperventilation phase 564, of the PB episode, at least one char-
acteristic of the hyperventilation phase is detected and is used to discriminate 570 central DB from obstructive DB.
[0066] Various characteristics of the hyperventilation phase may be used to discriminate central DB from obstructive
DB, including respiration rate during the hyperventilation phase, rate of increase in respiration rate during the hyperven-
tilation phase, number of breaths in the hyperventilation phase, duration of the hyperventilation phase, among other
characteristics. For example central DB may be discriminated from obstructive DB if the respiration rate during the
hyperventilation phase is more than about 6 breaths per minute, versus obstructive DB with a rate of about 4 breaths
per minute. If the respiration rate is above the threshold, the DB is determined to be 572 obstructive DB. If the respiration
rate is equal to or below the threshold, the DB is determined to be 574 central DB.
[0067] According to one optional process, indicated by the dashed box 576, a DB index may be calculated based the
number of central DB episodes detected. According to the invention, indicated by the dashed box 578, the DB index is
calculated as the ratio of the number of central DB episodes to the number of obstructive DB episodes.
[0068] A trend may be developed 580 based on the DB index calculated 576, 578 by either of the optional processes.
The patient’s HF status may be evaluated 582 based on the DB episode trend.
[0069] Figure 5B illustrates another method of evaluating HF status based on discrimination of central and obstructive
DB. As described before, patient respiration is sensed 584 via a transthoracic impedance sensor which generates a
respiration signal. The intrathoracic or intracardiac pressure may be sensed 586, e.g., via a pressure sensor, such as
a thoracic, cardiac or vascular pressure sensor, disposed within the heart, within the cardiac vasculature, or the chest
cavity. The pressure sensor may be mounted in or on a lead of the CRM device, or separate from the CRM device.
[0070] Obstructive DB causes a change in intrathoracic or intracardiac pressure which is detectable by the pressure
sensor. Detection of a DB episode with a corresponding increase in pressure may be used to discriminate 588 obstructive
DB episodes from central DB episodes. A DB index may be determined 590 based on the number, length, frequency,
pattern, and/or severity of central DB episodes, or on a ratio of central to obstructive episodes, for example. A trend may
be developed 592 based on the DB index. The patient’s HF status is evaluated 594 based on the DB index trend.
[0071] In some embodiments, a DB index may be determined based on the lengths of DB episodes, such as the length
of apnea episodes, the length of CSR episodes. For DB episodes including multiple disordered breathing patterns, such
as CSR, the DB index may be calculated based on the length of certain portions of CSR episodes.
[0072] Exemplary implementations of these methods are illustrated in Figures 6A, 6B and 6C. In the method illustrated
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by 6A, a DB index is calculated based on the average length of DB episodes of any origin experienced by the patient.
A respiration signal is generated 610 and DB episodes are detected 615. For example, various DB episodes may be
detected based on the characteristic respiration patterns associated with the various types of DB. The lengths of the DB
episodes during a particular period are determined 620. The DB index is calculated for the period 622, which may be
daily, weekly, monthly, or according to some other time period. As illustrated in Figure 6A, an average length over the
period may be calculated 625 as the DB index, although other statistical values, such as a mean length, maximum length
or other value based on length may be used calculated as the DB index for the period. A trend is developed 630 based
on the metric. The patient’s HF status is evaluated 635 based on the trend.
[0073] Figure 6B illustrates a method of calculating a DB index based on the length of portions of a DB episode. In
this example, the DB index is based on the hyperventilation portions of CSR. Respiration is sensed 640 via a transthoracic
impedance sensor and the characteristic CSR pattern is detected 645. The hyperventilation portions 650 of CSR are
discriminated from the apneic portions 655 of CSR based on the rapid respiration rate associated with hyperventilation.
The lengths of the hyperventilation portions are determined 660. The average length, mean length, maximum length,
or some other length-based metric of the hyperventilation portions is calculated 665 over the period of interest 662,
which may be hourly, nightly, daily, weekly, or according to some other time period. A trend is developed 670 based on
the metric. The patient’s HF status is evaluated 675 based on the trend.
[0074] In some embodiments, the DB index may be calculated based on the pattern of DB episodes. For example,
PB episodes, such as CSR, include a series of apneic and hyperventilation portions. The resultant respiratory pattern
is illustrated in Figure 6D. The pattern involves a lower frequency signal 691, which is the CSR pattern of waxing and
waning tidal volume, modulating a higher frequency signal 692 derived from the breath cycles. During CSR, the respiration
signal, which may have a frequency range of about 0.1 to about 1 Hz may be modulated by CSR having a frequency
range of about 0.05 to about 0.01 Hz. Changes in the modulating frequency 691 may be used to track HF. Lower
frequency signals are associated with central DB, which in turn is more closely related to HF than other types of DB.
Progression of HF may be detected based on changes in the low frequency envelope of CSR.
[0075] Figure 6C illustrates a method of calculating a DB index based on the modulating frequency of DB episodes,
such as CSR episodes. Respiration is sensed 676 via a transthoracic impedance sensor. The periodic portion of DB
episode is discriminated 678 from non-periodic portions. The modulating frequency of the periodic portion of DB episodes
is measured 680 during the periodic portions. The average frequency, mean frequency, maximum frequency or some
other frequency-based metric is calculated 684 for the modulating frequency of the DB episodes over the period of
interest 682, which may be hourly, nightly, daily, weekly, or according to some other time period. A trend is developed
686 based on the DB index. The patient’s HF status is evaluated 688 based on the trend.
[0076] Worsening of HF symptoms may be associated with a corresponding increase in the depth of modulation of
tidal volume during CSR. Figure 7A illustrates an embodiment wherein the DB index is based on a degree or depth of
modulation of tidal volume during CSR. In this exemplary embodiment, a transthoracic impedance sensor senses 735
respiration and generates a respiration signal. If a CSR episode is detected 740, then the average maximum tidal volume
and average minimum tidal volume for the CSR episode are determined 745, 750. Alternatively, other measures of the
tidal volume, e.g., highest TV (MaxTV) detected during hyperpnea phases and lowest TV (Min TV) detected during
apneic phases of the CSR episode may be used instead of the average maximum and minimum values. In one example,
the ratio of the average maximum TV to the average minimum TV may be calculated 755 as the DB index. In other
examples, the modulation percentage 100*(1-MinTV/MaxTV), or other DB index may be calculated. The DB index is
trended 760 and HF evaluated 765 based on the trend.
[0077] Figure 7B illustrates an embodiment wherein the DB index is based on the time it takes to achieve the maximum
tidal volume during CSR. In this exemplary embodiment, a transthoracic impedance sensor senses 770 respiration and
generates a respiration signal. If a CSR episode is detected 775, then the time to reach maximum tidal volume is
measured 780 for each cycle of the CSR episode. The DB index is determined 785 based on a metric associated with
the measured times to reach maximum tidal volume. For example, the DB index may be an average time, mean time,
maximum or minimum time to reach maximum tidal volume for each episode. The DB index is trended 790 and HF
evaluated 795 based on the trend.
[0078] Another useful index for tracking HF progression involves a rapid shallow breathing metric based on the rela-
tionship between the tidal volume and respiration rate during rapid shallow breathing episodes. The flowchart of Figure
8 illustrates the use of a rapid shallow breathing metric. As before, the patient’s respiration is sensed 810 via a transthoracic
impedance sensor and a respiration signal is generated. If the patient’s respiration rate is greater than 820 a threshold
and the tidal volume of the respiration is below 830 a threshold, then the patient is experiencing 840 rapid shallow
breathing. The ratio of the average respiration rate to the average tidal volume during the rapid shallow breathing is
calculated 850 as the DB index. Alternatively other DB indices may be determined that are based on a relationship
between respiration rate and tidal volume of rapid shallow breathing. A trend is developed 860 based on the DB index
and the patient’s HF status is evaluated 870 based on the trend.
[0079] In some embodiments, the DB index may be combined with other information or indices to develop a combination
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index that is used to evaluate HF status. For example, the combined index may be calculated based on a weighted
average of the DB index and non-DB measurements, metrics, or indices derived from the additional information. In
various embodiments, the DB index and the non-DB information may be combined via a weighted average, voting, data
fusion, fuzzy logic, or other processes for combining data.
[0080] In some implementations, the additional information may used to inform or modify the DB index. For example,
calculation of the DB index may take into account the context in which the DB episodes occur. For example, the DB
index may be based on DB episodes that occur concurrently with certain postures of the patient, activity levels, a particular
time of night, or particular sleep stages.
[0081] Figure 9 is a flowchart illustrating one method of evaluating heart failure status based on a combined index.
As previously described, disordered breathing is detected 915 based on sensed 910 patient respiration and a disordered
breathing index is determined 920, for example, using any of the methods described herein. Additional patient information
is acquired 925. A representative, non-limiting set of additional information is illustrated in Figure 9. the additional
information may include, for example, posture, sleep/wake cycles, autonomic balance, i.e., sympathetic nervous system
(SNS) vs. parasympathetic nervous system (PNS) balance, cardiac functioning, medical history, patient activity, and/or
other additional information. A combined index may be determined 930 based on a weighted average of the DB index
and information from each of the additional information components. The combined index is trended 940 and used to
evaluate 950 HF status.
[0082] Figures 10 and 11 illustrate methods for calculating modified DB indices that use the additional information to
inform or modify the DB indices. The process illustrated in the flowchart of Figure 10 uses patient activity to inform the
DB index calculation. The process illustrated in the flowchart illustrated in Figure 11 uses patient posture to inform the
DB index calculation.
[0083] Turning now to Figure 10, a process for using activity information to modify the DB index is illustrated. The
exemplary embodiment is based on calculation of the average activity level of the patient during DB episodes. It will be
appreciated that there are many ways activity level may be used to modify a DB index that are considered to be within
the scope of the invention. The process illustrated in Figure 10 provides one exemplary implementation for producing
an activity informed DB index that may be used for HF status evaluation.
[0084] Patient respiration is sensed 1010 and a respiration signal is generated. Disordered breathing episodes are
detected 1020 based on the respiration signal. The patient’s activity level is determined 1030 during each disordered
breathing episode. The average activity level during disordered breathing is determined 1040 for a period of time. The
average activity level during DB is trended 1050 and HF status is evaluated 1060 based on the trend. For example, if
the trend indicates that the patient activity during DB is generally decreasing, indicating an increase in DB during less
active periods, this change may indicate a worsening of HF status.
[0085] Figure 11 illustrates a process that uses patient posture information to modify the DB index is illustrated. The
exemplary embodiment is based on calculation of the average tilt angle of the patient during DB episodes. It will be
appreciated that there are many ways patient posture may be used to modify a DB index that are considered to be within
the scope of the invention. The process illustrated in Figure 11 provides one exemplary implementation for producing
a posture informed DB index that may be used for HF status evaluation.
[0086] Patient respiration is sensed 1110 and a respiration signal is generated. Disordered breathing episodes are
detected 1120 based on the respiration signal. The patient’s tilt angle is determined 1130 during each disordered breathing
episode. The average tilt angle during disordered breathing is determined 1140 over a period of time. The average tilt
angle during DB is trended 1150 and HF status is evaluated 1160 based on the trend. For example, if the trend indicates
that the patient tilt angle during DB is generally increasing, indicating an increase in DB episodes when standing or
sitting upright, this change may indicate a worsening of HF status.
[0087] Various modifications and additions may be made to the embodiments discussed herein without departing from
the scope of the present invention. Accordingly, 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.

Claims

1. A system (300) for providing a patient assessment, the system comprising:

a data acquisition module (320) including a respiration sensor (321) configured to generate a signal responsive
to patient respiration;
a disordered breathing detector (330) coupled to the respiration sensor (321) and configured to detect disordered
breathing episodes based on the respiration signal;
an index processor (333) configured to discriminate between central disordered breathing episodes and ob-
structive disordered breathing episodes based on the suddenness of the transition from apnea to hyperventilation
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and to determine a ratio between the central disordered breathing episodes and the obstructive disordered
breathing episodes and to determine a disordered breathing index based on the ratio;
a trend/storage module (340) coupled to the index processor (333), the trend/storage module (340) configured
to develop and store a trend of the disordered breathing index; and
a diagnostics unit (350) coupled to the trend/storage module (340), the diagnostics unit (350) configured to
evaluate heart failure status based on the disordered breathing index trend.

2. The system (300) of claim 1, wherein the data acquisition module (320) incorporates additional sensors (322)
configured to acquire information related to edema.

3. The system of claim 1, wherein the patient assessment system (300) is at least in part implantable.

4. The system of claim 1, wherein the index processor (333) is further configured to discriminate between the obstructive
disordered breathing and the central disordered breathing and to develop the disordered breathing index based
predominantly on information related to central disordered breathing.

5. The system of claim 1, wherein the index processor (333) is further configured to determine the disordered breathing
index by factoring in posture information.

6. The system of claim 1, wherein the index processor (333) is further configured to determine the disordered breathing
index using sleep stage information.

7. The system of claim 1, wherein the disordered breathing episodes comprise Cheyne-Stokes respiration.

8. The system of claim 1, wherein the index processor (333) is configured to determine a combined index based on
the disordered breathing index and one or more non-disordered breathing measurements.

9. The system of claim 8, wherein the combined index comprises a weighted average of the disordered breathing index
and the one or more non-disordered breathing measurements.

Patentansprüche

1. System (300) zum Bereitstellen einer Patientenbeurteilung, welches System aufweist:

ein Datenerwerbsmodul (320), enthaltend einen Atmungssensor (321), der zum Erzeugen einer Signalantwort
auf die Patientenatmung konfiguriert ist;
einen Atmungsstörungsdetektor (330), der mit dem Atmungssensor (321) gekoppelt ist und konfiguriert ist zum
Erfassen von Atmungsstörungsepisoden auf der Grundlage des Atmungssignals;
einen Indexprozessor (333), der konfiguriert ist zum Unterscheiden zwischen zentralen Atmungsstörungsepi-
soden und behindernden Atmungsstörungsepisoden auf der Grundlage der Plötzlichkeit des Übergangs von
Apnoe zu Hyperventilation, und zum Bestimmen eines Verhältnisses zwischen den zentralen Atmungsstörungs-
episoden und den behindernden Atmungsstörungsepisoden, und zum Bestimmen eines Atmungsstörungsin-
dexes auf der Grundlage des Verhältnisses;
ein Trend-/Speichermodul (340), das mit dem Indexprozessor (333) gekoppelt ist, welches Trend-/Speicher-
modul (340) konfiguriert ist zum Entwickeln und zum Speichern eines Trends des Atmungsstörungsindexes; und
eine Diagnoseeinheit (350), die mit dem Trend-/Speichermodul (340) gekoppelt ist, welche Diagnoseeinheit
(350) konfiguriert ist zum Bewerten eines Herzinsuffizienzzustands auf der Grundlage des Trends des Atmungs-
störungsindexes.

2. System (300) nach Anspruch 1, bei dem das Datenerwerbsmodul (320) zusätzliche Sensoren (322) enthält, die
zum Erwerben von auf Ödeme bezogenen Informationen konfiguriert sind.

3. System nach Anspruch 1, bei dem das Patientenbeurteilungssystem (300) zumindest zum Teil implantierbar ist.

4. System nach Anspruch 1, bei dem der Indexprozessor (333) weiterhin konfiguriert ist zum Unterscheiden zwischen
der behindernden Atmungsstörung und der zentralen Atmungsstörung und zum Entwickeln des Atmungsstörungs-
indexes vor allem auf der Grundlage von auf die zentrale Atmungsstörung bezogenen Informationen.
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5. System nach Anspruch 1, bei dem der Indexprozessor (333) weiterhin konfiguriert ist zum Bestimmen des Atmungs-
störungsindexes durch Einarbeiten von Haltungsinformationen.

6. System nach Anspruch 1, bei dem der Indexprozessor (333) weiterhin konfiguriert ist zum Bestimmen des Atmungs-
störungsindexes unter Verwendung von Schlafstufeninformationen.

7. System nach Anspruch 1, bei dem die Atmungsstörungsepisoden eine Cheyne-Stokes-Atmung aufweisen.

8. System nach Anspruch 1, bei dem der Indexprozessor (333) konfiguriert ist zum Bestimmen eines kombinierten
Indexes auf der Grundlage des Atmungsstörungsindexes und einer oder mehrerer ungestörter Atmungsmessungen.

9. System nach Anspruch 8, bei dem der kombinierte Index einen gewichteten Durchschnitt des Atmungsstörungsin-
dexes und der einen oder mehreren ungestörten Atmungsmessungen aufweist.

Revendications

1. Système (300) pour fournir une évaluation de patient, le système comprenant :

un module d’acquisition de données (320) qui inclut un capteur de respiration (321) qui est configuré de manière
à ce qu’il génère un signal en réponse à la respiration du patient ;
un détecteur de trouble respiratoire (330) qui est couplé au capteur de respiration (321) et qui est configuré de
manière à ce qu’il détecte des épisodes de trouble respiratoire sur la base du signal de respiration ;
un processeur d’indice (333) qui est configuré de manière à ce qu’il effectue une discrimination entre des
épisodes de trouble respiratoire central et des épisodes de trouble respiratoire obstructif sur la base de la
soudaineté de la transition de l’apnée à l’hyperventilation et de manière à ce qu’il détermine un rapport entre
les épisodes de trouble respiratoire central et les épisodes de trouble respiratoire obstructif et de manière à ce
qu’il détermine un indice de trouble respiratoire sur la base du rapport ;
un module de tendance/stockage (340) qui est couplé au processeur d’indice (333), le module de tendance/stoc-
kage (340) étant configuré de manière à ce qu’il développe et stocke une tendance de l’indice de trouble
respiratoire ; et
une unité de diagnostic (350) qui est couplée au module de tendance/stockage (340), l’unité de diagnostic (350)
étant configurée de manière à ce qu’elle évalue un état d’insuffisance cardiaque sur la base de la tendance de
l’indice de trouble respiratoire.

2. Système (300) selon la revendication 1, dans lequel le module d’acquisition de données (320) incorpore des capteurs
additionnels (322) qui sont configurés de manière à ce qu’ils acquièrent une information qui est rapportée à un
oedème.

3. Système selon la revendication 1, dans lequel le système d’évaluation de patient (300) est au moins en partie
implantable.

4. Système selon la revendication 1, dans lequel le processeur d’indice (333) est en outre configuré de manière à ce
qu’il effectue une discrimination entre le trouble respiratoire obstructif et le trouble respiratoire central et de manière
à ce qu’il développe l’indice de trouble respiratoire sur la base de façon prédominante d’une information qui est
rapportée au trouble respiratoire central.

5. Système selon la revendication 1, dans lequel le processeur d’indice (333) est en outre configuré de manière à ce
qu’il détermine l’indice de trouble respiratoire en prenant en compte le facteur constitué par une information de
posture.

6. Système selon la revendication 1, dans lequel le processeur d’indice (333) est en outre configuré de manière à ce
qu’il détermine l’indice de trouble respiratoire en utilisant une information d’étape du sommeil.

7. Système selon la revendication 1, dans lequel les épisodes de trouble respiratoire comprennent une respiration de
Cheyne-Stokes.

8. Système selon la revendication 1, dans lequel le processeur d’indice (333) est configuré de manière à ce qu’il
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détermine un indice combiné sur la base de l’indice de trouble respiratoire et d’une ou de plusieurs mesure(s) en
l’absence de trouble respiratoire.

9. Système selon la revendication 8, dans lequel l’indice combiné comprend une moyenne pondérée de l’indice de
trouble respiratoire et des une ou plusieurs mesures en l’absence de trouble respiratoire.
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