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PHYSIOLOGICAL STATUS INDICATOR APPARATUS AND METHOD

CLAIM OF PRIORITY

[000I]  This application claims the benefit of priority under 35 U.S.C.

S § 119(e) of Thakur et al., U.S. Provisional Patent Application Serial Number
61/580,099,  entitled  “PHYSIOLOGICAL  STATUS  INDICATOR
APPARATUS AND METHOD?”, filed on December 23, 2011, which is hercin

incorporated by reference in its entirety.
BACKGROUND

10 [0002] Diagnosis of a physiological condition of a subject can
include various physiological factors. Generally, impedance changes over time
can be measured to monitor and identify a physiological condition. The
impedance changes over time of a particular electrode configuration or a vector
can have many contributing factors. These factors can contribute to impedance

15  signal changes measured by a device. The contributing factors can include
changes in lung resistivity, changes in blood resistivity, changes in heart muscle
resistivity, changes in heart or lung volumes, or other physiological factors.
Measuring changes in impedances can be used to indicate changes in
physiological factors. However, not all of the contributing physiological

20  impedance factors are indicative of important physiological change, which might
require clinical intervention. Isolating a particular physiological factor or a
combination of physiological factors that contribute to the change in impedances

can be difficult.

OVERVIEW

25 [0003] Some patient monitoring systems such as implantable medical
devices can monitor multiple physiological factors by measuring an impedance
across one vector and subsequently, another impedance across another vector.
Both impedances can be affected by multiple physiological factors. A change in
impedance can be determined by using both impedance measurements and, in

30 turn, a value of one of the contributing physiological impedance factors can be
1
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determined. An ability to extract clinically relevant impedance changes can

improve impedance monitoring in clinical settings.

[0004] In examples, this document describes subject matter that can

include an apparatus, method, or a device-readable medium that can include

5 device readable instructions. The subject matter can include or use a processor
circuit. The processor circuit can be configured to obtain a first
multidimensional vector.  The first multidimensional vector can include
dimensions corresponding to respective first conductivity characteristics
obtained from different implantable electrode configurations associated with a

10 subject. The processor circuit can also be configured to obtain a second
multidimensional vector or vector space. The second multidimensional vector or
vector space can include dimensions corresponding to respective second
conductivity characteristics obtained from the different electrode configurations

associated with the same or a different subject.

15 [0005] In examples, the first conductivity characteristics can be of
the same type as the second conductivity characteristics. The different electrode
configurations corresponding to the respective dimensions of the first
multidimensional vector can be of the same type as the different electrode
configurations corresponding to the respective dimensions of the second

20  multidimensional vector space or vector. The processor circuit can provide a
physiological status indicator obtained at least in part by performing a static or
dynamic vector comparison of the first multidimensional vector to the second

multidimensional vector space or vector.
BRIEF DESCRIPTION OF THE FIGURES

25 [0006] In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way of example, but not by

way of limitation, various examples discussed in the present document.
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[0007]  FIG. I illustrates, by way of an example, but not by way of
limitation, an implanted Cardiac Rhythm Management (CRM) device.

[0008]  FIG. 2 illustrates, by way of an example but not by way of
limitation, a block diagram depicting interaction of the implanted CRM device

5 with other components.

[0009]  FIG. 3 illustrates, by way of an example but not by way of
limitation, a chart of an example of processing variations in physiological

conditions of a subject.

[0010] FIG. 4 illustrates, by way of an example but not by way of
10  limitation, an example of a processor circuit in communication with various

other circuits.

[0011] FIG. 5 illustrates, by way of an example but not by way of
limitation, a graph illustrating examples of experimentally-observed data of
proximity between a first multidimensional vector and a second

15  multidimensional vector or vector space.

[0012] FIG. 6 illustrates, by way of an example but not by way of
limitation, a table depicting susceptibility of a plurality of vectors to changes in

impedances in a plurality of physiological factors.

[00I3]  FIG. 7 illustrates, by way of an example but not by way of
20  limitation, a chart depicting a method for providing a physiological status

indicator.

[0014] FIG. 8 illustrates, by way of an example but not by way of
limitation, a chart depicting a method for providing a physiological status

indicator based on a posture of a subject.

25 [0015] FIG. 9 illustrates, by way of an example but not by way of
limitation, a chart depicting a method for obtaining information about related

risks associated with different physiological conditions of the subject.



WO 2013/096905 PCT/US2012/071481

DETAILED DESCRIPTION

[0016] FIG. 1 illustrates, by way of an example, but not by way of
limitation, an implantable or other ambulatory medical device, such as a Cardiac
Rhythm Management (CRM) device 100. The CRM device 100 can include an

S apparatus 102 that can include a hermetically-sealed housing 104 and a header
106. The header 106 can extend from the housing 104. Further, the header 106
can include one or more receptacles, such as for receiving proximal ends of leads
108A-108C. In an example, the lead 108A can include an intravascular right
ventricle (RV) lead that extends from the superior vena cava (SVC) into the right

10 atrium (RA), and then into the RV. The lead 108A can include an RV tip
electrode 110, a slightly more proximal RV ring electrode 112, a still slightly
more proximal RV shock coil electrode 114, and an even more proximal RA or
SVC shock coil electrode 116. The various electrodes can be used for delivering
electrical energy or sensing intrinsic electrical heart signals. An intravascular
15  coronary sinus (CS)/left ventricle (LV) lead 108B extends from the SVC into the
RA through the CS into the coronary vasculature, such as near a portion of the

LV.

[0017] In an example, the CS/LV lead 108B can include a distal

electrode 118 and a proximal electrode 120 through which electrostimulation

20  energies can be delivered or intrinsic electrical heart signals can be sensed. An
intravascular RA lead 108C can extend from the SVC into the RA, and can
include a distal electrode 122 and a proximal electrode 124. Other electrodes

(e.g., a housing electrode 126 on the housing 104, a header electrode 128 on the
header 106, an epicardial electrode, a subcutaneous electrode located away from

25  the heart, or an electrode located elsewhere) or leads can be used. In an
example, the CRM device 100 can be implantable and can be coupled to
different implantable electrode configurations. The different implantable
electrode configurations can include various combinations of sensing and
stimulating pairs. For example, one electrode configuration (RA-Can) can be set

30  up by sending a stimulating current between RA-ring electrode and the can
housing and sensing the resulting voltage between RA-tip electrode and the can

housing. The other configurations can include but are not limited to RV-Can
4
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(configuration utilizing electrodes on the Right Ventricular lead and active
pectoral can for stimulation and sensing), LV-Can (configuration utilizing
electrodes on the Left Ventricular lead and active pectoral can for stimulation
and sensing), RA-LV-Can (configuration utilizing electrodes on the Right Atrial
5 lead, Left Ventricular lead and active pectoral can for stimulation and sensing),
RVte, LVdp, RV-LV (configuration utilizing electrodes on Right Ventricular
lead and Left Ventricular lead for sensing and stimulating), and the like. In an

example, the CRM device 100 is not implantable.

[0018] The CRM device 100 can communicate, wirelessly or through

10  a wired connection such as by using a tether, unidirectionally or bidirectionally
with an external local interface 130, such as a CRM device programmer,
repeater, handheld device, and the like. The local interface 130 can be
configured to communicate via a wired or wireless computer or communication
network 132 to a remote interface 134, such as a remote computer, a server, and

15  the like. In an example, the CRM device 100 is implanted within a subject. In
an example, the CRM device 100 can include a non-invasive device that can be
external to the subject. For example, the subject can wear the CRM device 100

as a patch, a strap, clothing, and the like.

[0019] The present systems or methods can be configured to enable

20  diagnosis and management of cardiac arrhythmias or congestive heart failure
(“CHF” or “heart failure”), among other physiological indications, for a patient

with a heart disorder, via ongoing cardiac surveillance. The CRM device 100

can enable a physician to identify factors related to change in conductivity
characteristics of a subject. The physician can receive prompt notification of

25 urgent events as well as actionable information to diagnose symptomatic or
asymptomatic physiological indications and proactively manage patients
remotely from anywhere. In examples, the subject can also trigger on-demand
collection of patient diagnostic data including, but not limited to, an
electrocardiogram (ECG) upon experiencing symptoms, which can aid in the

30  correlation of symptoms with the patient diagnostic data.
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[0020] FIG. 2 illustrates, by way of an example but not by way of
limitation, a block diagram 200 that depicts interaction of the apparatus 102 with
other components. The apparatus 102 can include a processor circuit 202. The
processor circuit 202 can be configured to obtain a first multidimensional vector

5 and a second multidimensional vector. In an example, the second
multidimensional vector can be a multidimensional vector space. The first and
second multidimensional vectors can be obtained by the processor circuit 202
through a switching circuit 204. The switching circuit 204 can selectively
connect to various electrodes such as to leads 108 A-108C. The switching circuit

10 204 can determine conductivity characteristics by switching between different
clectrode configurations to obtain the dimensions of the first multi-dimensional
vector and the second multi-dimensional vector or space. In an example, the
switching circuit 204 can include a switch array, a switch matrix, a multiplexer,
or any other type of switching device suitable to selectively couple stimulation
15  energy to selected electrodes. The switching circuit 204 can provide information
206 related to the first multidimensional vector (hereinafter referred to as first
vector information 206). The first vector information 206 can include
dimensions corresponding to respective first conductivity characteristics
obtained from respective different implantable electrode configurations

20  associated with a subject such as a patient.

[0021] In examples, the conductivity characteristics can include
impedance, transimpedance, transconductance, or one or more others, such as
measured using an electrode configuration. In an example, the first and second
conductivity characteristics can include respective physiological impedances. In

25  an example, the CRM device 100 can be configured to measure impedance along
the different electrode configurations. Impedance can be measured by passing a
specified current between a pair of electrodes (stimulating pair), measuring the
resulting voltage between the same or different pair of electrodes (sensing pair),
and using Ohm’s law to compute resistance or impedance by dividing the sensed

30  voltage with the stimulated current. In an example, the first and second
conductivity characteristics can include respective changes in respective

conductivity characteristic. The switching circuit 204 can provide information

6
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208 related to the second multidimensional vector (hereinafter referred to as
second vector information 208). In an example, the switching circuit 204 can
provide second vector information 208 related to a multidimensional vector
space. The second wvector information 208 can include dimensions
5  corresponding to respective second conductivity characteristics obtained from
the different electrode configurations associated with the same or different
subject. In examples, the second vector information 208 can include a template
that is provided through an external interface. Further, the second vector
information 208 can be stored in a memory 210 associated with the apparatus
10 102. The memory 210 can be configured to store the second conductivity
characteristics obtained previously. In an example, a template of the second
vector information 208 can be saved in the memory 210. The template can be
used to combine and process first vector information 206 and second vector
information 208 to determine physiological indications. The template can be
15  fine-tuned for a subject, over a period of time, such that the template can be
customized to the subject’s consistent or stable physiological conditions. The
template can be adjusted using physiological information about the same patient,
such as can be obtained during patient maneuvers or using external laboratory
measurements of the patient, either of which can be such as can be collected

20  during hospitalization of the patient.

[0022] In examples, the different electrode configurations
corresponding to respective dimensions of the first multidimensional vector can
be the same as the different electrode configurations corresponding to the
respective dimensions of the second multidimensional vector or vector space. In

25  examples, the second multidimensional vector or vector space can be obtained
earlier from the same subject or can be obtained from a patient population that

can be representative of the same subject.

[0023] In examples, the processor circuit 202 can include a timing

circuit 212, a comparator circuit 214, a quantification circuit 216, a trending

30  circuit 218, and a Cardiac Resynchronization Therapy (CRT) control circuit 220.
In examples, the CRT control circuit 220 is within the apparatus 102 or

communicatively linked to the apparatus 102. The timing circuit 212 can
7
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perform functions that are related to scheduling, prompting, activating, or the
like for wvarious activities performed by the apparatus 102. The vector
comparator circuit 214 can include a multidimensional vector comparator circuit
that can be configured to compare the first multidimensional vector and the
5 second multidimensional vector or vector space. Further, the quantification
circuit 216 of the processor circuit 202 can generate an indication that is
indicative of one or more risks based on the vector comparison. A risk could
include a present or an expected abnormal physiological condition. In examples,
the quantification circuit 216 can quantify data to identify one or more risks, or
10 other indicators, associated with the subject based on the data. In an example,
the one or more risks can include risks of pulmonary edema, heart failure, or the
like. In another example, the quantification circuit 216 can detect the presence
of a physiological condition such as detecting pulmonary edema specifically

based on accumulation of fluid in lungs.

15 [0024] Further, the trending circuit 218 can be configured to provide
a trend over a period of time. The trend can correspond to the vector
comparisons done by the comparator circuit 214, such as including a trend of
comparison results over a period of time. The CRT control circuit 220 can
control delivery of CRT to co-ordinate spatial nature of heart depolarization such

20  as for improving pumping efficiency such as for patients having Congestive
Heart Failure (CHF.) The processor circuit 202 can provide or be associated
with a physiological status indicator circuit 222 that can be configured to provide
an indication of the vector comparison performed by the vector comparator
circuit 214. As mentioned herein, the vector comparison can be of the first

25  multidimensional vector and the second multidimensional vector or vector space.
In an example, the processor circuit 202 can control, receive input from, or
otherwise be associated with a therapy circuit 224. The therapy circuit 224 can
be configured to adjust the delivery of electrical stimulation or other therapy to
the subject based at least in part on the risk or other indicators identified by the

30  quantification circuit 216.

[0025] The processor circuit 202 can process the signals

corresponding to the conductivity characteristics. The processing can be
8
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performed to improve signal quality to accurately determine variations in
physiological conditions of a subject. FIG. 3 illustrates, by way of an example

but not by way of limitation, a diagram 300 of an example of detecting or
processing one or more variations in one or more physiological conditions of a

S5 subject. At 300, components of the signal corresponding to first and second
conductivity characteristics can be attenuated or otherwise filtered. In examples,
signal attenuation can be performed either before the vector comparison or as a

part of the vector comparison. The attenuation can reduce components in the
signal that are contributed by noise. For example, the components of signal

10 contributed by the posture of a subject may be considered noise, and therefore
can be attenuated from the signal as it may swamp or affect another
physiological signal of interest. For example, a 3-axis accelerometer can be
configured as a posture sensor, and signal components from this sensor could be
processed to disregard physiological data gathered when the subject is in a

15  particular posture, or undergoing a particular posture change. In examples, the
component of signals contributed by the posture may be of interest, and other
components contributed by other physiological factors can be attenuated.
Posture information can be additionally or alternatively indirectly inferred from

a proxy, such as using time-of-day information to infer when the patient is likely

20 upright (e.g., during the day) or when the patient is likely not upright (e.g.,
during the nighttime). In addition or alternative to attenuation, the noise
components can be de-emphasized, such as by gating the signal to remove time
periods associated with the presence of noise. In addition or alternative to
attenuation or de-emphasis, the noise components of the signal can be

25  compensated for (e.g., using automatic gain control (AGC) or another
compensation technique), such as to accommodate variation in factors such as a
circadian or other biologic rhythm variation, a cardiac cycle, a respiration cycle,

a physical activity, a posture, or the like of the subject. In an example, physical
activity may in certain instances be a confounding variable. In this example, a

30  sensor can detect the subject’s physical activity. A sensing circuit that can be
coupled to the processor circuit 202 can sense these factors. The processor
circuit 202 can perform the multi-vector comparison at like-physical activity

levels. For example, the multi-vector comparison can be performed only while
9
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the subject is at rest. In examples, the variations contributed by different
physical activities can be attenuated, de-emphasized, or compensated to perform
the vector comparison by the comparator circuit 214. In an example, the
processing circuit 202 can be configured to attenuate, de-emphasize, or

5  compensate the variations.

[0026] FIG. 4 illustrates, by way of an example but not by way of
limitation, an example of the processor circuit 202 in communication with
various other circuits. As mentioned above, the processor circuit 202 can
communicate with the switching circuit 204 for selectively connecting various

10 electrodes. Further, a sensing circuit 402 can be selectively coupled to various
clectrodes by the switching circuit 204. The sensing circuit 402 can include one
or any combination of one or more sense amplifiers, one or more filter circuits,
or one or more other circuits such as for sensing one or more intrinsic electrical
signals or one or more other physiological signals. In an example, the sensing

15  circuit 402 can include a cardiac sensor, a posture sensor, a respiration sensor, a
physical activity sensor, and the like. In an example, the processor circuit 202
can be configured to obtain a first posture indicator providing a posture indicator
associated with the first multidimensional vector. The posture sensor of the
sensing circuit 402 can provide the first posture indicator to the processor circuit

20 202. The first posture indicator can be used to select the second
multidimensional vector space or vector from a plurality of second
multidimensional vector spaces or vectors associated with different postures.
The second multidimensional vector space or vector can provide information
associated with a like posture to that provided by the posture indicator associated

25  with the first multidimensional vector.

[0027] Thereafter, the physiological status indication can be obtained
at least in part by performing a like-posture vector comparison of the first
multidimensional vector to the second multidimensional vector space or vector.
The like-posture vector comparison can refer to a vector comparison done

30  between conductivity characteristics of two or more vectors when the subject is
in a similar posture while obtaining readings for the two or more vectors. In an

example, at least one of these two vectors can be a template vector, and at least
10
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one other of these vectors can include substantially real-time or other ongoing
acquired or trended physiological data, which can undergo a multidimensional

vector comparison to the at least one template vector.

[0028] A therapy circuit 224 can be selectively coupled to selected

5 electrodes through the switching circuit 204 and can include therapy energy
generation circuit such as for generating, storing, or delivering one or more of an
electrostimulation, cardioversion, defibrillation, or other energy or therapeutic
agent delivery or other therapy. In examples, the processor circuit 202 can be
configured to determine the therapy titration or other control signal at least in

10  part by using the physiological status indication obtained at least in part by
performing a vector comparison of the first multidimensional vector to the
second multidimensional vector or vector space. Further, an impedance (or other
conductivity characteristic) measurement circuit 404 can be selectively coupled

to selected electrodes such as through the switching circuit 204. For example,

15 the impedance measurement circuit 404 can be used for measuring lead
impedance, a tissue impedance, a regional or organ impedance, or other

conductivity characteristic.

[0029] As indicated in FIG. 4, the sensing circuit 402, the therapy

circuit 224, and the impedance measurement circuit 404 can be coupled to the

20 processor circuit 202. In an example, the processor circuit 202 can perform one
or more instructions, such as for signal processing of one or more signals that

can be derived by the sensing circuit 402 or the impedance measurement circuit

404. In an example, the processor circuit 202 can perform one or more
instructions such as for controlling operation of the therapy circuit 224. In an

25  example, the processor circuit 202 can include or be coupled to the memory 210.
The memory 210 can be configured to store or retrieve information. Such
information can include dimensions corresponding to respective conductivity
characteristics of the subject. The processor circuit 202 can be coupled to the
physiological status indicator circuit 222 such as for providing one or more

30  indications or one or more alerts, such as based on the input received from one
or more other circuits such as the sensing circuit 402, the impedance

measurement circuit 404, or other circuit. In examples, the physiological status
11
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indicator circuit 222 can be coupled to a communication circuit 406, such as for

communicating with a local interface 130.

[0030] The physiological status indicator circuit 222 can be

configured to detect a first physiological condition as distinguishable from at

5 least one second physiological condition. The first and the second physiological

conditions can be both capable of affecting one or more physiological

impedances. In an example, the first and the second physiological conditions

can include any two of a vascular volume status, a vascular engorgement status,

a hematocrit status, a blood conductivity or resistivity status, an extravascular

10 lung volume status, an Implantable Medical Device (IMD) pocket fluid status, or
the like.

[0031] In an example, one or more indications can be obtained at
least in part by the physiological status indicator circuit 222 such as by
performing a static or dynamic vector comparison of the first multidimensional

15  vector to the second multidimensional vector or vector space. The static vector
comparison can correspond to comparison of the first multidimensional vector to
the second multidimensional vector or vector space at a particular time.
Dynamic vector comparison can correspond to multiple comparisons of the first
multidimensional vectors to the second multidimensional vectors or vector

20  spaces over a period of time. In examples, the one or more indications can
indicate congestive heart failure (CHF) compensation or decompensation status
of the subject. In an example, a trajectory of the first multidimensional vector
with respect to the second multidimensional vector or vector space can be used
to provide the physiological status indication. In examples, the trajectory can be

25  the path traced by the first multidimensional vector with respect to the second
multidimensional vector over a period of time. In examples, the trajectory can
be of the relative position of the first multidimensional vector with respect to the
second multidimensional vector or vector space. In an example, the trajectory
can be of proximity of the first multidimensional vector to the second

30  multidimensional vector or vector space. The processor circuit 202 can be
configured to provide the physiological status indication to a user or an

automated process.
12
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[0032] FIG. 5 illustrates, by way of an example but not by way of
limitation, a graph 500 illustrating conceptual examples of data of proximity
between a first multidimensional vector and a second multidimensional vector
space or vector. As explained herein, the processor circuit 202 can be

5 configured to provide the multidimensional physiological status indicator, which
can be obtained at least in part by performing a static or dynamic vector
comparison. The comparison can be performed between the first vector
information 206 and the second vector information 208. In an example, the first
and second multidimensional vectors can be represented in a multidimensional

10  space. In an example, an individual axis of the multidimensional space can
represent a conductivity characteristic, such as impedance, along one of the
electrode configurations. The second multidimensional vector or vector space
can include a plurality of unit vectors that can be identified in the
multidimensional space. The individual unit vectors can correspond to
15  respective clinically relevant factors that can affect the impedance or other

conductivity characteristic.

[0033] In an example, such as shown in Fig. 5, T1 can reflect a first
template representing lung water of a subject and T2 can represent a second
template representing vascular volume change of the subject. Together, T1 and

20 T2 represent the second multi-dimensional vector or vector space. In an
example, a change in impedance can be evaluated, such as represented in FIG. 5
as the first multidimensional vector V. Proximity of the impedance vector V to
the unit vectors T1 and T2 can be considered as a basis for evaluating the
likelihood of wvarious clinical factors that can contribute to the observed

25  impedance change. Accordingly, the multidimensional physiological status can
be obtained and provided to the user or the automated process by the processor
circuit 202. The multidimensional physiological status indicator can include
dimensions that can correspond to one or more respective factors representing
one or more respective contributions associated with one or more different

30  physiological conditions.

[0034] In an example, the processor circuit 202 can be configured to

measure a “distance” such as between the end-point of a first multidimensional
13
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vector V1 and the end-point of a second multidimensional vector V2. The
distance can be measured by taking a Root Mean Square (RMS) of a difference

of the first multidimensional vector and the second multidimensional vector, i.e.,

|V1 a V2| . In an example, a projection of the first multidimensional vector V1 on

5  the second multidimensional vector V2 can be taken. This can also be referred

T
to as an inner product (! VZ). Another metric for vector comparison can be an

angle between the two vectors V1 and V2. A cosine of this angle is

mathematically the inner product of unit vectors along the two vectors.

[0035] As explained herein, the processor circuit 202 can be

10  configured to adjust the multidimensional physiological status indicator, such as
to account for relative risks associated with respective different physiological
conditions. For example, a change in one or more particular physiological
conditions (such as extravascular lung water, for example) can be more severe

than a change in one or more other particular physiological conditions. In an

15  example, a physiological condition can be classified one of multiple risk strata.
In examples, the risk can prompt a clinician to prescribe new, different, or
additional therapy, such as to adjust the existing therapy, such as one or more
parameters associated with cardiac electrical stimulation therapy or dosages

associated with a drug.

20 [0036] In an example, the processor circuit 202 can be configured to
provide a trend of at least one of the first multidimensional vector or the first
physiological status indicator that was obtained at least in part by performing a
vector comparison of the first multidimensional vector to the second
multidimensional vector space or vector. The trend can be determined within a

25  certain period of time. In an example, the trend can be determined within an
hour or over a time period that is longer than an hour. The trend can illustrate
the proximity of the impedance vector V to the unit vectors T1 and T2. The
trend can be provided by recurrently or periodically tracking the impedance
vector V in the multidimensional space. Based on the trend, one or more alerts

30  can be gencrated that can be indicative of a need for automated, semi-automated,
or human-provided intervention. For example, the processor circuit 202 can be
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programmed or otherwise configured to respond to a detected pocket fluid
condition by initiating or altering a therapy or triggering an alert to generate an
alert signal to the subject or the physician about a serious or other condition that

can justify medical intervention.

5 [0037] In examples, the second multidimensional vector or vector
space can be obtained from an initial template such as can be obtained from a
patient population that can be representative (e.g., similar age, gender, ctc.) of
the particular subject. The initial template can be adjusted as per the particular
subject by using physiological information about the particular subject. The

10  physiological information can be obtained by tracking one or more physiological
conditions of the subject over time. The memory 210 can include a generic
initial template of the second multidimensional vector or vector space. This
generic template can be customized such as per the subject’s one or more

particular physiological conditions.

15 [0038]  FIG. 6 illustrates, by way of an example but not by way of
limitation, a table 600 depicting an example of susceptibility of a plurality of
electrode configurations to changes in impedances that can involve a plurality of
physiological factors. In an example, the plurality of physiological factors can
include vascular volume change, hematocrit change, extravascular lung water

20  status, pocket fluid status, and the like. The dimensions in the multi-dimensional
vectors provided by the electrode configurations, as indicated by an arrow, can
include test energy delivery electrodes or test energy delivery response sensing
electrodes. For example, a dimension RA-Can can refer to test energy delivery
or test energy delivery response sensing between the at least one electrode

25  located at the right atrium and at least one electrode located at the can. The
‘Can’ can be an electrode that is located either at the housing 104 or at the
header 106 of the electronics unit of the implantable CRM device 100.
Similarly, RV-Can and LV-Can can respectively refer to stimulation and sensing
between the RV and Can and the LV and Can. Similarly, RA-LV-Can can refer

30  to stimulation and sensing between the RA, and LV and Can jointly. The table
600 also depicts an example of the possible effect of change in the impedances

of the plurality of physiological states on the vectors. For example, the vector
15
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RV-Can can be more sensitive to changes in the vascular volume as compared to
other physiological factors. The vector RA-LV-Can can be less sensitive to
changes in vascular volume than the vector RV-Can. Further, the vector RA-
LV-Can can be more sensitive to changes in extra-vascular lung water status as

5  compared to one or more other vectors.

[0039] A device-readable medium can also be provided. The device-
readable medium can include one or more device-readable instructions that,
when performed by the device, can cause the device to perform an act of
obtaining a first multidimensional vector. The first multidimensional vector can

10  include dimensions corresponding to the respective first conductivity
characteristics obtained from different electrode configurations associated with a
subject. The device can also perform the act of obtaining a second
multidimensional vector space or vector. The second multidimensional vector
space or vector can include dimensions corresponding to respective second

15  conductivity characteristics obtained from the different electrode configurations
associated with the same or a different subject. The first conductivity
characteristics can be of the same type as the second conductivity characteristics.
For example, corresponding dimensions of the first multidimensional vector and
the second multidimensional vector or vector space can include conductivity

20  characteristics that were obtained using the same electrode configuration. In an
example, the first and the second conductivity characteristics can include

physiological impedances, or changes in respective physiological impedances.

[0040] In an example, the different electrode configurations
corresponding to the respective dimensions of the first multidimensional vector

25  can be of the same type as the different electrode configurations corresponding
to the respective dimensions of the second multidimensional vector space or
vector. The device can perform the act of providing a physiological status
indicator obtained at least in part by performing a vector comparison of the first
multidimensional vector to the second multidimensional vector space or vector.

30  The physiological impedances can be affected by variation in a cardiac cycle, a

respiration cycle, a physical activity, a posture, a cough or other respiration

16
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artifact, or the like of the subject. These variations can be attenuated, de-

emphasized, or compensated for performing the vector comparison.

[0041] In an example, the device can obtain the second
multidimensional vector space or vector earlier from the same subject or from a

S patient population that can be representative of the same subject. The device can
provide the physiological status indicator to detect a first physiological condition

as distinguishable from at least one second physiological condition. The first

and second physiological conditions can be capable of affecting the

physiological impedances.

10 [0042] In examples, the device can be configured to obtain a first
posture indicator that can provide a posture indication associated with the first
multidimensional vector. As explained herein, the posture sensor of the sensing
circuit 402 (FIG. 4) can provide the first posture indicator. The first posture
indicator can be used to select the second multidimensional vector space or

15  vector from a plurality of second multidimensional vector spaces or vectors
associated with different postures. The second multidimensional vector space or
vector can provide information associated with a like posture to the posture
indicator associated with the first multidimensional vector. The physiological
status indicator can be obtained at least in part by performing a like-posture

20 vector comparison of the first multidimensional vector to the second

multidimensional vector space or vector.

[0043] In examples, the device can be configured to provide a
multidimensional physiological status indicator that can be obtained at least in
part by performing a regression or like vector comparison of the first

25  multidimensional vector to the second multidimensional vector space or vector.
A statistical analysis technique, such as regression, can determine the influence
of one multidimensional vector on another multidimensional vector. Such a
comparison can provide accurate indication of the contribution of at least one
particular physiological condition in the change of impedance. In examples, the
30  part of the first multidimensional vector that is un-explainable by the second

multi-dimensional vector or vector space may be separately reported or trended

17
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as an “unknown clinical cause”. The multidimensional physiological status
indicator can include dimensions corresponding to factors representing
contributions associated with different physiological conditions. The device can
further be configured to adjust the multidimensional physiological status
5 indicator to account for relative risks associated with different physiological

conditions.

[0044] FIG. 7 illustrates, by way of an example but not by way of
limitation, a diagram depicting a method 700 for providing a physiological status
indicator. The method 700 can be performed by the apparatus 102 and will be

10 explained in conjunction with FIGS. 2 and 4. At 702, a first multidimensional
vector can be obtained. The first multidimensional vector can include
dimensions corresponding to the respective first conductivity characteristics
obtained from different implantable electrode configurations associated with a
subject. At 704, a second multidimensional vector or vector space can be

15 obtained. The second multidimensional vector or vector space can include
dimensions corresponding to the respective second conductivity characteristics
obtained from the different electrode configurations associated with the same or
different subject. The first conductivity characteristics can be of the same type
as the second conductivity characteristics. Further, the different electrode

20  configurations corresponding to the respective dimensions of the first
multidimensional vector can be of the same type as the different electrode
configurations corresponding to the respective dimensions of the second

multidimensional vector space or vector.

[0045] At 706, a vector comparison of the first multidimensional

25  vector to the second multidimensional vector space or vector can be performed.
The vector comparison can be a static or dynamic comparison. The vector
comparison can be used for providing a physiological status indicator, as shown

at 708. The processor circuit 202 of the apparatus 102 can be configured to

perform the above.

30 [0046]  FIG. 8 illustrates, by way of an example but not by way of

limitation, a diagram depicting a method 800 for providing a physiological status

18
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indicator based on a posture of the subject. In examples, the method 800 de-
emphasizes postural variation during vector comparison. At 802, a first posture
indicator provides a posture indicator associated with the first multidimensional
vector. At 804, the first posture indicator can be used to select the second

5 multidimensional vector or vector space. The second multidimensional vector or
vector space can be selected from a plurality of second multidimensional vector
spaces or vectors associated with different postures. Further, at 806, information
associated with a like posture can be provided to the posture indicator associated
with the first multidimensional vector. At 808, a like-posture vector comparison

10 of the first multidimensional vector to the second multidimensional vector or
vector space can be performed to obtain a physiological status indicator at least

in part.

[0047] Referring to FIG. 9, a diagram depicts, by way of an example

but not by way of limitation, a method 900 for obtaining information about

15  related risks associated with different physiological conditions of the subject. At
902, a static or dynamic vector comparison can be performed at least in part of
information about a first multidimensional vector to information about a second
multidimensional vector space or vector. At 904, the static or dynamic vector
comparison can provide a multidimensional physiological status indicator. The

20  multidimensional physiological status indicator can include dimensions that can
correspond to factors representing contributions associated with different
physiological conditions such as blood resistivity, lung resistivity, posture of a
subject, physical activity of the subject, heart muscle resistivity, or others. At

906, the multidimensional physiological status indicator can be adjusted. The

25  adjustment can account for relative risks associated with different physiological

conditions at 908.

[0048] Each of these non-limiting examples can stand on its own, or
can be combined in any permutation or combination with any one or more of the
other examples. The above detailed description includes references to the

30  accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the

invention can be practiced. These embodiments are also referred to herein as
19
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“examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
5 those elements shown or described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects thereof), or with respect

to other examples (or one or more aspects thereof) shown or described herein.

[0049] In the event of inconsistent usages between this document and

any documents so incorporated by reference, the usage in this document

10  controls. In this document, the terms “a” or “an” arc used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the

term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A

but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this

15  document, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that

is, a system, device, article, composition, formulation, or process that includes
clements in addition to those listed after such a term in a claim are still deemed

20  to fall within the scope of that claim. Moreover, in the following claims, the

29 <

terms “first,” “second,” and “third,” etc. are used merely as labels, and are not

intended to impose numerical requirements on their objects.

[0050] Method examples described herein can be machine or
computer-implemented at least in part. Some examples can include a computer-

25 readable medium or machine-readable medium encoded with instructions
operable to configure an electronic device to perform methods as described in

the above examples. An implementation of such methods can include code, such

as microcode, assembly language code, a higher-level language code, or the like.

Such code can include computer readable instructions for performing various

30  methods. The code may form portions of computer program products. Further,
in an example, the code can be tangibly stored on one or more volatile, non-

transitory, or non-volatile tangible computer-readable media, such as during
20
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execution or at other times. Examples of these tangible computer-readable
media can include, but are not limited to, hard disks, removable magnetic disks,
removable optical disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAMs), read only

5 memories (ROMs), and the like.

[0051] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above

10 description. The Abstract is provided to comply with 37 C.F.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the technical disclosure. It is
submitted with the understanding that it will not be used to interpret or limit the
scope or meaning of the claims. Also, in the above Detailed Description, various
features may be grouped together to streamline the disclosure. This should not

15  be interpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as examples or embodiments, with
each claim standing on its own as a separate embodiment, and it is contemplated

20  that such embodiments can be combined with each other in various
combinations or permutations. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.

25
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What is claimed is:

1. An apparatus comprising:
a processor circuit, configured to
5 obtain a first multidimensional vector, comprising dimensions
corresponding to respective first conductivity characteristics obtained from
different implantable electrode configurations associated with a subject;
obtain a second multidimensional vector space or vector, comprising
dimensions corresponding to respective second conductivity characteristics
10  obtained from the different electrode configurations associated with the same or
a different subject, wherein the first conductivity characteristics are of the same
type as the second conductivity characteristics, and wherein the different
clectrode configurations corresponding to the respective dimensions of the first
multidimensional vector are of the same type as the different electrode
15  configurations corresponding to the respective dimensions of the second
multidimensional vector space or vector; and
providing a physiological status indicator obtained at least in part by
performing a vector comparison of the first multidimensional vector to the
second multidimensional vector space or vector.
20
2. The apparatus of claim 1, wherein the processor circuit is configured
such that:
the first conductivity characteristics and the second conductivity
characteristics comprise physiological impedances, or changes in respective
25  physiological impedances, in which at least one of circadian or other biological
rhythm variations, cardiac cycle variations, respiration cycle variations, physical
activity variations, or posture variations are attenuated, de-emphasized, or
compensated for performing the vector comparison;
the second multidimensional vector space or vector is obtained earlier
30  from the same subject or obtained from a patient population that is representative
of the same subject; and
the physiological status indicator is configured to detect a first

physiological condition as distinguishable from at least one second physiological
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condition, wherein the first and second physiological conditions are both capable

of affecting the physiological impedances.

3. The apparatus of claim 2, wherein the first and second physiological
5 conditions include any two of the following: (1) vascular volume status; (2)
vascular engorgement status; (3) hematocrit status; (4) blood conductivity status
(5) extravascular lung water status; and (6) implantable medical device (IMD)

pocket fluid status.

10 4. The apparatus of any one of claims 1 through 3, wherein the
physiological status indicator obtained at least in part by performing a static or
dynamic vector comparison of the first multidimensional vector to the second
multidimensional vector space or vector indicates congestive heart failure (CHF)
compensation or decompensation status, and wherein the processor circuit is

15  configured to provide the physiological status indicator to a user or to an

automated process.

5. The apparatus of any one of claims 1 through 4, wherein the processor
circuit is configured to provide a therapy titration control signal, and wherein the
20 processor circuit is configured to determine the therapy titration control signal at
least in part using the physiological status indicator obtained at least in part by
performing the vector comparison of the first multidimensional vector to the

second multidimensional vector space or vector.

25 6. The apparatus of any one of claims 1 through 5, wherein the processor
circuit is configured to
obtain a first posture or time-of-day indicator providing a posture or
time-of-day indicator associated with the first multidimensional vector;
use the first posture or time-of-day indicator to select the second
30  multidimensional vector space or vector, from a plurality of second
multidimensional vector spaces or vectors associated with different postures or

times-of-day, to provide information associated with a like posture or time-of-
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day to the posture or time-of-day indicator associated with the first
multidimensional vector; and

wherein the physiological status indicator is obtained at least in part by
performing a like-posture or like time-of-day vector comparison of the first

5 multidimensional vector to the second multidimensional vector space or vector.

7. The apparatus of any one of claims 1 through 6, wherein the processor
circuit is configured to provide a multidimensional physiological status indicator
obtained at least in part by performing a static or dynamic vector comparison of
10  information about the first multidimensional vector to information about the
second multidimensional vector space or vector, wherein the multidimensional
physiological status indicator includes dimensions corresponding to factors

representing contributions associated with different physiological conditions.

15 8. The apparatus of claim 7, wherein the processor circuit is configured to
adjust the multidimensional physiological status indicator to account for relative

risks associated with the different physiological conditions.

9. The apparatus of any one of claims 1 through 8, wherein the processor
20  circuit is configured to provide a trend, over a period of time that is longer than
at least one hour, of at least one of: (1) the first multidimensional vector or (2)
the physiological status indicator obtained at least in part by performing the
vector comparison of the first multidimensional vector to the second
multidimensional vector space or vector.
25
10.  The apparatus of any one of claims 1 through 9, wherein the second
multidimensional vector space or vector is obtained from an initial template
obtained from a patient population that is representative of the same subject,
wherein the initial template is adjusted using physiological information about the

30  same subject.

11. A device-readable medium including device-readable instructions that,

when performed by a device, cause the device to perform the following acts:
24
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obtaining a first multidimensional vector, comprising dimensions
corresponding to respective first conductivity characteristics obtained from
different electrode configurations associated with a subject;
obtaining a second multidimensional vector space or vector, comprising
5 dimensions corresponding to respective second conductivity characteristics
obtained from the different electrode configurations associated with the same or
a different subject, wherein the first conductivity characteristics are of the same
type as the second conductivity characteristics, and wherein the different
electrode configurations corresponding to the respective dimensions of the first
10  multidimensional vector are of the same type as the different clectrode
configurations corresponding to the respective dimensions of the second
multidimensional vector space or vector; and
providing a physiological status indicator obtained at least in part by
performing a vector comparison of the first multidimensional vector to the

15  second multidimensional vector space or vector.

12. The device-readable medium of claim 11, including device-readable
instructions that, when performed by the device, cause the device to perform the
following acts:

20 obtaining the first multidimensional vector and obtaining the second
multidimensional vector space or vector, such that the first conductivity
characteristics and the second conductivity characteristics comprise
physiological impedances, or changes in respective physiological impedances, in
which at least one of circadian or other biological thythm variations, cardiac

25 cycle variations, respiration cycle variations, physical activity variations, or
posture variations are attenuated, de-emphasized, or compensated for performing
the vector comparison;

obtaining the second multidimensional vector space or vector earlier
from the same subject or from a patient population that is representative of the

30  same subject; and

providing the physiological status indicator to detect a first physiological

condition as distinguishable from at least one second physiological condition,
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wherein the first and second physiological conditions are both capable of

affecting the physiological impedances.

13.  The device-readable medium of any one of claims 11 or 12, including
5  device-readable instructions that, when performed by the device, cause the
device to perform the following acts:
obtaining a first posture or time-of-day indicator providing a posture or
time-of-day indicator associated with the first multidimensional vector;
using the first posture or time-of-day indicator to select the second
10  multidimensional vector space or vector, from a plurality of second
multidimensional vector spaces or vectors associated with different postures or
times-of-day, to provide information associated with a like posture or time-of-
day to the posture or time-of-day indicator associated with the first
multidimensional vector; and
15 wherein the physiological status indicator is obtained at least in part by
performing a like-posture or like-time-of-day vector comparison of the first

multidimensional vector to the second multidimensional vector space or vector.

14.  The device-readable medium of any one of claims 11 through 13,

20  including device-readable instructions that, when performed by the device, cause
the device to perform the following act:

providing a multidimensional physiological status indicator obtained at

least in part by performing a regression or like vector comparison of the first

multidimensional vector to the second multidimensional vector space or vector,

25  wherein the multidimensional physiological status indicator includes dimensions

corresponding to factors representing contributions associated with different

physiological conditions.

15. The device-readable medium of claim 14, including device-readable

30  instructions that, when performed by the device, cause the device to perform the
following act:

adjusting the multidimensional physiological status indicator to account

for relative risks associated with the different physiological conditions.
26
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16. A method performed by an apparatus, the method comprising:
obtaining a first multidimensional vector, comprising dimensions
corresponding to respective first conductivity characteristics obtained from
5 different implantable electrode configurations associated with a subject;
obtaining a second multidimensional vector space or vector, comprising
dimensions corresponding to respective second conductivity characteristics
obtained from the different electrode configurations associated with the same or
a different subject, wherein the first conductivity characteristics are of the same
10  type as the second conductivity characteristics, and wherein the different
clectrode configurations corresponding to the respective dimensions of the first
multidimensional vector are of the same type as the different electrode
configurations corresponding to the respective dimensions of the second
multidimensional vector space or vector; and
15 providing a physiological status indicator obtained at least in part by
performing a static or dynamic vector comparison of the first multidimensional

vector to the second multidimensional vector space or vector.

17. The method of claim 16, comprising:

20 obtaining the first multidimensional vector and obtaining the second
multidimensional vector space or vector, such that the first conductivity
characteristics and the second conductivity characteristics comprise
physiological impedances, or changes in respective physiological impedances, in
which at least one of circadian or other biological thythm variations, cardiac

25  cycle variations, respiration cycle variations, physical activity variations, or
posture variations are attenuated, de-emphasized, or compensated for performing
the vector comparison;

obtaining the second multidimensional vector space or vector earlier
from the same subject or from a patient population that is representative of the

30  same subject; and

providing the physiological status indicator to detect a first physiological

condition as distinguishable from at least one second physiological condition,
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wherein the first and second physiological conditions are both capable of

affecting the physiological impedances.

18. The method of any one of claims 16 or 17, comprising;:
5 obtaining a first posture or time-of-day indicator providing a posture or
time-of-day indicator associated with the first multidimensional vector;
using the first posture or time-of-day indicator to select the second
multidimensional vector space or vector, from a plurality of second
multidimensional vector spaces or vectors associated with different postures or
10  times-of-day, to provide information associated with a like posture or like-time-
of-day to the posture or time-of-day indicator associated with the first
multidimensional vector; and
wherein the physiological status indicator is obtained at least in part by
performing a like-posture or like-time-of-day vector comparison of the first

15  multidimensional vector to the second multidimensional vector space or vector.

19. The method of any one of claims 16 through 18, comprising:
providing a multidimensional physiological status indicator obtained at
least in part by performing the static or dynamic vector comparison of
20  information about the first multidimensional vector to information about the
second multidimensional vector space or vector, wherein the multidimensional
physiological status indicator includes dimensions corresponding to factors

representing contributions associated with different physiological conditions.
25 20. The method of claim 19, comprising:

adjusting the multidimensional physiological status indicator to account

for relative risks associated with the different physiological conditions.
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