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1
MULTIPLE VECTOR FLUID LOCALIZATION

CLAIM OF PRIORITY

This application claims the benefit of priority under 35
U.S.C. §119(e) of Thakur et al., US. Provisional Patent
Application Ser. No. 61/255,360, entitled “MULTIPLE VEC-
TOR FLUID LOCALIZATION?, filed on Oct. 27, 2009,
which is herein incorporated by reference in its entirety.

BACKGROUND

Cardiac rhythm management (CRM) devices can help
assist heart function, such as by providing pacing electro-
stimulations to evoke responsive heart contractions, provid-
ing cardiac resynchronization therapy (CRT) electrostimula-
tions to coordinate the spatial nature of a heart contraction of
one or more heart chambers, providing antitachyarrhythmia
pacing, cardioversion, or defibrillation shocks to interrupt a
tachyarrhythmia, or providing neurostimulation to influence
sympathetic or parasympathetic nervous system response.

Diagnosing the physiological condition of a patient can
involve determining whether fluid accumulation has
occurred. For example, congestive heart failure (CHF)
patients can have poor cardiac output (CO) from the heart.
This can lead to fluid buildup in the lungs (e.g., pulmonary
edema) or in the limbs (e.g., peripheral edema). Fluid accu-
mulation status can be monitored by monitoring tissue
impedance. Tissue impedance monitoring can involve inject-
ing a test current into the tissue, and monitoring a resulting
voltage. The resulting voltage can provide an indication of
tissue impedance. The tissue impedance can provide an indi-
cation of how wet the tissue is. As the tissue becomes wetter,
its impedance decreases.

Wang U.S. Pat. No. 7,149,573 discloses an example of
tissue impedance monitoring, including determining contrib-
uting physiological impedance factors, such as lung resistiv-
ity, blood resistivity, heart muscle resistivity, skeletal muscle
resistivity, heart volume and lung volume. (See Wang *573 at
Abstract.) Wang’s impedance determination apparently relies
upon parallel vectors—Wang’s test current is injected
between electrodes defining a test current vector therebe-
tween, and the resulting voltage is measured between elec-
trodes defining a response voltage vector therebetween, and
the response voltage vector is substantially parallel in direc-
tion to the test current vector. (See, e.g., Wang "573 at col. 9,
lines 30-60.)

Overview

The present inventors have recognized, among other
things, that determining using a parallel vector approach to
determine fluid accumulation can provide only limited sen-
sitivity, which can make it more difficult to determine
whether fluid accunmulation is present, the degree to which
fluid accumulation is present, whether the fluid accumulation
is increasing or decreasing, or the particular localized region
experiencing the fluid accumulation. The present inventors
have also recognized, among other things, that localizing the
particular region experiencing the fluid accumulation can be
a helpful diagnostic. For example, the present inventors have
recognized that discriminating between different regions to
determine which region is experiencing fluid accumulation,
which region is experiencing more (or less) fluid accumula-
tion, or the relative degree of fluid accumulation or change in
fluid accumulation between the regions, can provide helpful
diagnostic information to a physician or an automated medi-
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cal device, allowing therapy to be selected or adjusted accord-
ingly. The present inventors have recognized that this, in turn,
can enhance patient care, such as of CHF or other patients.

The present inventors have also recognized, among other
things, that using (1) an orthogonal measurement vector and
(2) anon-orthogonal measurement vector, a relative measure-
ment between (1) and (2) can be used to provide a more
sensitive indication of fluid accumulation. An orthogonal
measurement vector can be conceptualized as including an
excitation vector defined by excitation electrodes that are
used to provide the excitation signal, and a response vector
defined by response electrodes that are used to sense a
response to the excitation signal, wherein the response vector
is substantially orthogonal to the excitation vector. The
present inventors have further recognized that this more sen-
sitive relative measurement can be used to localize a region of
fluid accumulation, or to distinguish between different
regions of fluid accumulation. As illustrative examples, this
can be useful to diagnose, or to discriminate between:

fluid accumulation localized at a “pocket” or like region at

which an implantable CRM device or other implantable
medical device (IMD) or prosthesis is located, such as
can result from infection, hematoma, or seroma;

fluid accumulation localized in the lungs, such as can result

from pulmonary edema, pneumonia, or pulmonary con-
gestion;
global fluid accumulation (e.g., in the lungs and else-
where), such as can result from an acute decompensation
episode as sometimes experienced by a CHF patient;

fluid accumulation around the heart (e.g., pericardial effu-
sion, during the early stages of which fluid accumulation
occurs in the pericardial sac around the heart such as
near the apex of the heart); or

hemodilution, which constitutes a decreased concentration

of cells and solids in the blood resulting from gain of
fluid.

Example 1 can include subject matter that can include a
first interface, configured to be coupled to implantable first
electrodes configured to define a first measurement vector,
within a subject, comprising a first excitation vector for pro-
viding a first excitation signal and a first response vector for
sensing a first response to the first excitation signal. A second
interface can be configured to be coupled to implantable
second electrodes configured to define a second measurement
vector, within the subject, comprising a second excitation
vector for providing a second excitation signal and a second
response vector for sensing a second response to the second
excitation signal, wherein the second excitation vector is
substantially orthogonal to the second response vector. A
tissue characteristic measurement circuit, selectively com-
municatively coupled to the first and second electrodes, and
configured to repeatedly perform a first tissue characteristic
measurement using the first measurement vector and to per-
form a second tissue characteristic measurement using the
second measurement vector. A processor can be communica-
tively coupled to the tissue characteristic measurement cir-
cuit, the processor configured to use information about a
change in the first tissue characteristic measurement over a
period of time and information about a change in the second
tissue characteristic measurement over the period of time to
provide an indication associated with how much fluid is
present at an first location in the subject relative to how much
fluid is present at a second location in the subject.

In Example 2, the subject matter of Example 1 can option-
ally further include the implantable first electrodes and the
implantable second electrodes.
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In Example 3, the subject matter of any one of Examples
1-2 can optionally include the processor being configured to
use the information about the change in the first tissue char-
acteristic measurement over the period of time and the infor-
mation about the change in the second tissue characteristic
measurement over the period of time to provide an indication
associated with how much fluid is present at the first location,
wherein the first location is associated with a pocket about an
implantable medical device, relative to how much fluid is
present at the second location, wherein the second location is
within the subject but separated from the pocket about the
implantable medical device.

In Example 4, the subject matter of any one of Examples
1-3 can optionally include the processor being configured to
use the information about the change in the first tissue char-
acteristic measurement over the period of time and the infor-
mation about the change in the second tissue characteristic
measurement over the period of time to provide an indication
of whether infection is present at the first location associated
with the pocket about the implantable medical device.

In Example 5, the subject matter of any one of Examples
1-4 can optionally include a first temperature sensor config-
ured to be associated with the subject, and wherein the pro-
cessor is configured to be communicatively coupled to the
first temperature sensor to receive information about a first
temperature at a location of the subject associated with the
first temperature sensor, and to use the information about the
first temperature to provide the indication of whether infec-
tion is present at the first location associated with the pocket
about the implantable medical device.

In Example 6, the subject matter of any one of Examples
1-5 can optionally include a second temperature sensor con-
figured to be associated with the subject at a different location
than the first temperature sensor, and wherein the processor is
configured to be communicatively coupled to the second tem-
perature sensor to receive information about a second tem-
perature at a location of the subject associated with the second
temperature sensor, and to use the information about a differ-
ence between the second temperature and the first tempera-
ture to provide the indication of whether infection is present
at the first location associated with the pocket about the
implantable medical device.

In Example 7, the subject matter of any one of Examples
1-6 can optionally include the second measurement vector
including a second excitation vector for providing a second
excitation signal between a left ventricular electrode config-
ured to be associated with a left ventricle and a pectoral
electrode configured to be associated with a pectoral region,
and a second response vector for sensing a second response to
the second excitation signal between a left ventricular elec-
trode configured to be associated with a left ventricle and a
right atrial electrode configured to be associated with a right
atrium, wherein the second excitation vector is substantially
orthogonal to the second response vector.

In Example 8, the subject matter of any one of Examples
1-7 can optionally include at least one of: (a) the first mea-
surement vector comprising a first excitation vector for pro-
viding a first excitation signal between a right ventricular
electrode configured to be associated with a right ventricle
and a pectoral electrode configured to be associated with a
pectoral region, and a first response vector for sensing a first
response to the first excitation signal, the sensing the first
response using a right ventricular electrode configured to be
associated with a right ventricle and a pectoral electrode
configured to be associated with a pectoral region; (b) the first
measurement vector comprising a first excitation vector for
providing a first excitation signal between a right atrial elec-
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trode configured to be associated with a right atrium and a
pectoral electrode configured to be associated with a pectoral
region, and a first response vector for sensing a first response
to the first excitation signal, the sensing the first response
using a right atrial electrode configured to be associated with
aright atrium and a pectoral electrode configured to be asso-
ciated with a pectoral region; or (c) the first measurement
vector comprising a first excitation vector for providing a first
excitation signal between a left ventricular electrode config-
ured to be associated with a left ventricle and a pectoral
electrode configured to be associated with a pectoral region,
and a first response vector for sensing a first response to the
first excitation signal, the sensing the first response using a
left ventricular electrode configured to be associated with a
left ventricle and a pectoral electrode configured to be asso-
ciated with a pectoral region.

In Example 9, the subject matter of any one of Examples
1-8 can optionally include the processor being configured to
use the information about the change in the first tissue char-
acteristic measurement over the period of time and the infor-
mation about the change in the second tissue characteristic
measurement over the period of time to provide an indication
associated with how much fluid is present at the first location,
wherein the first location is associated with a localized lung
region, relative to how much fluid is present at the second
location, wherein the second location is within the subject and
associated with a global region that extends beyond the local-
ized lung region.

Example 10 can include, or can optionally be combined
with any one of Examples 1-9 to include subject matter that
can include: providing a first measurement vector, within a
subject, comprising a first excitation vector for providing a
first excitation signal and a first response vector for sensing a
first response to the first excitation signal; providing a second
measurement vector, within the subject, comprising a second
excitation vector for providing a second excitation signal and
a second response vector for sensing a second response to the
second excitation signal, wherein the second excitation vec-
tor is substantially orthogonal to the second response vector;
repeatedly performing a first tissue characteristic measure-
ment using the first measurement vector and to perform a
second tissue characteristic measurement using the second
measurement vector; and using information about a change in
the first tissue characteristic measurement over a period of
time and information about a change in the second tissue
characteristic measurement over the period of time to provide
an indication associated with how much fluid is present at an
first location in the subject relative to how much fluid is
present at a second location in the subject.

In Example 11, the subject matter of any one of Examples
1-10 can optionally further comprise providing implantable
first electrodes configured for providing the first, measure-
ment vector and providing implantable second electrodes
configured for providing the second measurement vector.

In Example 12, the subject matter of any one of Examples
1-11 can optionally comprise using the information about the
change in the first tissue characteristic measurement over the
period of time and the information about the change in the
second tissue characteristic measurement over the period of
time to provide an indication associated with how much fluid
is present at the first location, wherein the first location is
associated with a pocket about an implantable medical
device, relative to how much fluid is present at the second
location, wherein the second location is within the subject but
separated from the pocket about the implantable medical
device.
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In Example 13, the subject matter of any one of Examples
1-12 can optionally comprise using the information about the
change in the first tissue characteristic measurement over the
period of time and the information about the change in the
second tissue characteristic measurement over the period of
time to provide an indication of whether infection is present at
the first location associated with the pocket about the implant-
able medical device.

In Example 14, the subject matter of any one of Examples
1-13 can optionally comprise using information about a first
temperature at a location of the subject to provide the indica-
tion of whether infection is present at the first location asso-
ciated with the pocket about the implantable medical device.

In Example 15, the subject matter of any one of Examples
1-14 can optionally comprise using information about a sec-
ond temperature at a location of the subject that is different
from the location associated with the first temperature to
provide the indication of whether infection is present at the
first location associated with the pocket about the implantable
medical device.

In Example 16, the subject matter of any one of Examples
1-15 can optionally include the second measurement vector
comprising a second excitation vector for providing a second
excitation signal between a left ventricle region and a pectoral
region, and a second response vector for sensing a second
response to the second excitation signal between a left ven-
tricle region and a right region, wherein the second excitation
vector is substantially orthogonal to the second response vec-
tor.

In Example 17, the subject matter of any one of Examples
1-16 can optionally include at least one of (a) the first mea-
surement vector comprising a first excitation vector for pro-
viding a first excitation signal between a right ventricular
region and a pectoral region, and a first response vector for
sensing a first response to the first excitation signal, the sens-
ing the first response between a right ventricular region and a
pectoral region; (b) the first measurement vector comprising
a first excitation vector for providing a first excitation signal
between a right atrial region and a pectoral region, and a first
response vector for sensing a first response to the first exci-
tation signal, the sensing the first response between a right
atrial region and a pectoral region; or (c) the first measure-
ment vector comprising a first excitation vector for providing
a first excitation signal between a left ventricular region and a
pectoral region, and a first response vector for sensing a first
response to the first excitation signal, the sensing the first
response between a left ventricular region and a pectoral
region.

In Example 18, the subject matter of any one of Examples
1-17 can optionally comprise using the information about the
change in the first tissue characteristic measurement over the
period of time and the information about the change in the
second tissue characteristic measurement over the period of
time to provide an indication associated with how much fluid
is present at the first location, wherein the first location is
associated with a localized lung region, relative to how much
fluid is present at the second location, wherein the second
location is within the subject and associated with a global
region that extends beyond the localized lung region.

Example 19 can include, or can be combined with the
subject matter of any one of Examples 1-18 to include subject
matter including means for providing a first measurement
vector, within a subject, comprising a first excitation vector
for providing a first excitation signal and a first response
vector for sensing a first response to the first excitation signal;
means for providing a second measurement vector, within the
subject, comprising a second excitation vector for providing
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a second excitation signal and a second response vector for
sensing a second response to the second excitation signal,
wherein the second excitation vector is substantially orthogo-
nal to the second response vector; means for repeatedly per-
forming a first tissue characteristic measurement using the
first measurement vector and to perform a second tissue char-
acteristic measurement using the second measurement vec-
tor; and means for using information about a change in the
first tissue characteristic measurement over a period of time
and information about a change in the second tissue charac-
teristic measurement over the period of time to provide an
indication associated with how much fluid is present at an first
location in the subject relative to how much fluid is present at
a second location in the subject.

In Example 20, the subject matter of any one of Examples
1-19 can optionally comprise a processor configured to use
the information about the change in the first tissue character-
istic measurement over the period of time and the information
about the change in the second tissue characteristic measure-
ment over the period of time to provide an indication associ-
ated with how much fluid is present at the first location,
wherein the first location is associated with a pocket about an
implantable medical device, relative to how much fluid is
present at the second location, wherein the second location is
within the subject but separated from the pocket about the
implantable medical device. The processor can be configured
to use the information about the change in the first tissue
characteristic measurement over the period of time and the
information about the change in the second tissue character-
istic measurement over the period of time to provide an indi-
cation of whether infection is present at the first location
associated with the pocket about the implantable medical
device.

The examples can be combined with each other or with the
other subject matter described herein in any combination or
permutation. This overview is intended to provide an over-
view of subject matter of the present patent application. It is
not intended to provide an exclusive or exhaustive explana-
tion of the invention. The detailed description is included to
provide further information about the present patent applica-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

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 embodiments discussed in the
present document.

FIG. 1 shows an example of an implantable or other ambu-
latory cardiac rhythm management (CRM) device.

FIG. 2 shows an example of portions of the CRM device
electronics unit.

FIG. 3 is a graph illustrating examples of experimentally-
observed data of the fractional change inimpedance observed
before and after injecting saline fluid into a pocket into which
a CRM device electronics unit was implanted, with the graph
illustrating four different impedance vector configurations
that were used.

FIG. 4 is a graph illustrating experimental data indicating a
fractional change in impedance resulting from lung fluid
accumulation for the same four vectors as FIG. 3.

FIG. 5 shows an example of a technique to determine
whether fluid accumulation is present and, if so, whether such
fluid accumulation is local to a pocket in which a CRM device
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electronics unit is implanted, which can be indicative of local
pocket infection, hematoma or seroma, or the like.

FIG. 6 shows an example of a technique to determine
whether fluid accumulation is present and, if so, whether such
fluid accumulation is local to a lung region or indicative of a
more global fluid overload condition.

DETAILED DESCRIPTION

The present inventors have recognized that using (1) an
orthogonal measurement vector and (2) a non-orthogonal
measurement vector, a relative measurement between (1) and
(2) can be used to provide a more sensitive indication of fluid
accumulation, such as to localize a region of fluid accumula-
tion, or to distinguish between different regions of fluid accu-
mulation.

FIG. 1 shows an example of an implantable or other ambu-
latory cardiac rhythm management (CRM) device 100. In an
example, the CRM device 100 can include an electronics unit
102 that can include a hermetically-sealed biocompatible
housing 104 and a header 106 extending therefrom. The hous-
ing 104 can carry a power source and electronics. The header
106 caninclude one or more receptacles, such as for receiving
the proximal ends of intravascular leads 108A-C. In an
example, the lead 108 A can be an intravascular RV lead that
can extend from the superior vena cava (SVC) into the right
atrium (RA), and then into the right ventricle (RV). The lead
108A can include an RV apical 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
CS/LV lead 108B can extend from the SVC into the RA,
through a coronary sinus (CS) into the coronary vasculature,
such as near a portion of a left ventricle (LV). In an example,
this second CS/LV lead 108B can include a distal electrode
118 and a proximal electrode 120, from which electrostimu-
lation energies can be delivered or intrinsic electrical heart
signals can be sensed. An intravascular right atrial (RA) lead
108C can extend from the SVC into the RA, and can include
a distal electrode 119 and a proximal electrode 121. Other
electrodes (e.g., a housing electrode 105 on the housing 104,
a header electrode 107 on the header 106, an epicardial elec-
trode, a subcutaneous electrode located away from the heart,
or an electrode located elsewhere) or leads can be used.

In an example, an implantable CRM device 100 can
include a communication circuit, such as to wireless commu-
nicate unidirectionally or bidirectionally with an external
local interface 123, such as a CRM device programmer,
repeater, handheld device, or the like. The local interface 123
can be configured to communicate via a wired or wireless
computer or communication network 122 to a remote inter-
face 124, such as a remote computer or server or the like.

FIG. 2 shows an example of portions of the CRM device
electronics unit 102. In an example, this can include a switch-
ing circuit 200, such as for selectively connecting to the
various electrodes such as on the leads 108A-B or elsewhere.
A sensing circuit 202 can be selectively coupled to various
electrodes by the switching circuit 200, and can include sense
amplifiers, filter circuits, other circuits such as for sensing
intrinsic electrical signals, such as intrinsic heart signals. A
therapy circuit 204 can be selectively coupled to various
electrodes by the switching circuit 200, and can include
therapy energy generation circuitry (e.g., capacitive, induc-
tive, or other) such as for generating, storing, or delivering an
electrostimulation, cardioversion, defibrillation, or other
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energy. An impedance measurement circuit 206 can be selec-
tively coupled to various electrodes by the switching circuit
200, such as for measuring a lead impedance, a tissue imped-
ance, a regional or organ impedance, or other impedance. In
an example, the sensing circuit 202, the therapy circuit 204, or
the impedance circuit 206 can be coupled to a processor
circuit 208. In an example, the processor 208 can perform
instructions, such as for signal processing of signals derived
by the sensing circuit 202 or the impedance circuit 206, or for
controlling operation of the therapy circuit 204 or other
operations of the CRM device 100. The processor 208 can
also be coupled to or include a memory circuit 210, such as for
storing or retrieving instructions or data, or a communication
circuit 212, such as for communicating with the local inter-
face 123.

FIG. 3 is a graph illustrating examples of experimentally-
observed data of the fractional change inimpedance observed
before and after injecting saline fluid into a pocket into which
a CRM device electronics unit 102 was implanted, with the
graph illustrating four different impedance vector configura-
tions that were used. Such injection of saline into the pocket
is believed to be at least somewhat representative of condi-
tions that would be observed if the pocket became infected,
leading to localized fluid accumulation in the pocket. The
example of FIG. 3 shows impedance determined from: (1) an
RV-Can (non-orthogonal) electrode configuration, in which
both the excitation vector and the response vector are pro-
vided between an RV electrode (e.g., 110,112, or 114) and a
Can electrode (e.g., 107 or 106); (2) an RA-Can (non-or-
thogonal) electrode configuration, in which both the excita-
tion and the response vector are provided between an RA
electrode (e.g., 119 or 121) and a Can electrode (e.g., 107 or
106); (3) an LV-Can (non-orthogonal) electrode configura-
tion, in which both the excitation and the response vector are
provided between an CS/LV electrode (e.g., 118 or 120) and
a Can electrode (e.g., 107 or 106); and (4) an RA-LV-Can
(orthogonal) electrode configuration, in which the excitation
vector is provided between a CS/LV electrode (e.g., 118 or
120) and a Can electrode (e.g., 107 or 106) and the response
vector is provided between a CS/LV electrode (e.g., 118 or
120) and an RA electrode (e.g., 119 or 121).

In this example, the three non-orthogonal vectors exhibited
a fractional impedance change of about 15%. The orthogonal
vector exhibited a fractional impedance change of about 10%.
Thus, the orthogonal vector was observed to be less sensitive
to fluid accumulation around the pocket than the non-or-
thogonal vectors. The present inventors have recognized,
among other things, that because of this relative difference, an
orthogonal vector can be used together with a non-orthogonal
vector to determine whether fluid accumulation is localized to
the pocket or otherwise, as explained further below.

FIG. 4 is a graph illustrating experimental data indicating a
fractional change in impedance resulting from lung fluid
accumulation for the same four vectors as FIG. 3. Unlike the
case of FIG. 3 for pocket fluid accumulation, the orthogonal
vector exhibited a greater fractional change in impedance
(about 13%) than the non-orthogonal vectors (about 2% to
about 7%). Thus, as can be seen in FIG. 4, the orthogonal
vector was observed to be more sensitive to pulmonary fluid
accumulation than the non-orthogonal vectors. The present
inventors have recognized, among other things. that because
of this relative difference, an orthogonal vector can be used
together with a non-orthogonal vector to determine whether
fluid accumulation is localized to the lungs or otherwise, as
explained further below.

FIG. 5 shows an example of a technique to determine
whether fluid accumulation is present and, if so, whether such



US 8,900,140 B2

9

fluid accumulation is local to a pocket in which a CRM device
electronics unit 102 is implanted, which can be indicative of
local pocket infection, hematoma or seroma, or the like.
Infection rates are believed to be increasing faster than CRM
device implant rates. Infection can result in device removal,
antibiotic treatment, or both, and can be very costly. In an
example, the technique of FIG. 5 can be performed all or in
part by using the CRM device 100 shown in FIG. 1.

At 502, a non-orthogonal first measurement vector and an
orthogonal second vector can be monitored (e.g., trended
over an acute or chronic period of time). As illustrative
examples, the non-orthogonal first measurement vector can
include RV-Can, RA-Can, or LV-Can, and the orthogonal
second measurement vector can include RA-LV-Can, some
examples of such non-orthogonal and orthogonal measure-
ment vectors are described above. The monitoring can
include providing an excitation signal and measuring a
response signal, such as to measure a tissue characteristic. In
an example, the monitoring can include providing an excita-
tion current of specified amplitude, and measuring a voltage
response thereto, such as to provide an indication of tissue
impedance.

At 504, it is determined whether a tissue characteristic
meets a threshold. In an example, this can include detecting
when a tissue impedance falls below a threshold value, indi-
cating the presence of fluid accumulation. The threshold
value need not be static or absolute, but can vary orberelative,
such as an offset from a baseline long term value, for example.
Detecting whether the tissue impedance falls below a thresh-
old value can be determined using a single measurement
vector, or using a weighted or other combination of multiple
measurement vectors, such as non-orthogonal vectors,
orthogonal vectors, or a combination thereof. The compari-
son to a threshold can use a single measurement or multiple
measurements, such as an average or other central tendency
of multiple measurements obtained during a specified period
of time.

At 506, if it has been determined at 504 that the tissue
characteristic meets a threshold value (e.g., fluid accumula-
tion is present), then it can be determined at 506 whether a
change in the tissue characteristic of the orthogonal vector is
less than a change in the tissue characteristic of the non-
orthogonal vector. For an example in which the tissue char-
acteristic includes a tissue impedance, it can be determined at
506 whether a change in tissue impedance of the orthogonal
vector is less than a change in tissue impedance of the non-
orthogonal vector and, if so, then at 508, the fluid accumula-
tion is declared to be associated with local fluid in the pocket,
and otherwise, at 510, the fluid accumulation is declared to
not be associated with local fluid in the pocket, but instead
associated with fluid elsewhere (e.g., global fluid overload,
pulmonary edema, etc.). Local fluid in the pocket can be a
sign of pocket infection, hematoma, or seroma. Information
about (or based on) whether the fluid accumulation is local to
the pocket (e.g., fluid presence, fractional change in imped-
ance, indication of infection, hematoma, or seroma, etc.) can
be communicated to a user or automated process, such as to
provide a diagnostic indication or for use in controlling a
therapy provided by the CRM device 100, another implanted,
ambulatory, or other medical device, or by a physician or
other caregiver. Such communication can be internal to the
electronics unit 102 of the CRM device 100, or can involve
communication with the local interface 123 or with the
remote interface 124. The acts described in FIG. 5 can be
performed by the processor 208 or other circuitry in the
electronics unit 102 of the CRM device 100, or by a processor
or other circuitry associated with the local interface 123 or the
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remote interface 124, or using some combination of the CRM
device 100, the local interface 123, or the remote interface
124.

At 506, determining whether a change in the tissue char-
acteristic of an orthogonal vector is less than a change in the
tissue characteristic of the non-orthogonal vector need not
involve comparing absolute actual changes in the tissue char-
acteristic. For example, where the tissue characteristic
includes a tissue impedance, it can involve comparing a frac-
tional change in the impedance of the orthogonal vector to a
fractional change in the impedance of the non-orthogonal
vector or can involve scaling the impedance of the non-or-
thogonal vector or the orthogonal vector.

As all illustrative example, the comparison can be
expressed as:

AZp/Zo<0 Zye/Zno

where, in the above equation, AZ , represents the change in
impedance of the orthogonal vector, 7, represents a baseline
(e.g., long term) value of the impedance of the orthogonal
vector, AZ /7, represents a fractional change in impedance
of the orthogonal vector relative to its baseline value, AZ,,
represents the change in impedance of the non-orthogonal
vector, Z,, represents a baseline (e.g., long term) value of the
impedance of the non-orthogonal vector, AZ /7o repre-
sents a fractional change in impedance of the non-orthogonal
vector relative to its baseline value, and o. represents a speci-
fied scaling factor for the comparison to be applied to a
specified side of the relationship of the above comparison.
This example is merely illustrative of the type of comparison
that can be made. Other comparisons, or variations on the
above comparison can be made. For example, where the
decrease in fluid impedance is expected to exhibit a slower
time-course, a cumulative sum of difference (e.g., summing
impedance deviations from the baseline over a specified time
period) or like technique can be used to determine the change
the non-orthogonal and orthogonal impedances.

FIG. 6 shows an example of a technique to determine
whether fluid accumulation is present and, if so, whether such
fluid accumulation is local to a lung region or indicative of a
more global fluid overload condition. This can be useful to
distinguish between pneumonia, which can be indicated by
fluid accumulation that is local to a lung region, and global
fluid overload, which can be indicative of a CHF decompen-
sation episode. Pneumonia is a risk factor for CHF patients
and is also a relatively prevalent (e.g., 15%) comorbidity for
CHF patients being admitted for hospitalization. In an
example, the technique of FIG. 6 can be performed all or in
part by using the CRM device 100 shown in FIG. 1.

At 602, a non-orthogonal first measurement vector and an
orthogonal second vector can be monitored (e.g., trended
over an acute or chronic period of time). In the example of
FIG. 6, the non-orthogonal first measurement vector can
include a vector that is substantially local within the heart
(e.g., using RV tip electrode 110 and RV Coil electrode 114
for delivering an excitation and measuring the response) and
the orthogonal second measurement vector can include RA-
LV-Can, such as described above. The monitoring can include
providing an excitation signal and measuring a response sig-
nal, such as to measure a tissue characteristic. In an example,
the monitoring can include providing an excitation current of
specified amplitude, and measuring a voltage response
thereto, such as to provide an indication of tissue impedance.

At 604, it is determined whether a tissue characteristic
meets a threshold. In an example, this can include detecting
when a tissue impedance falls below a threshold value, indi-
cating the presence of fluid accumulation. The threshold
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value need not be static or absolute, but can vary or berelative,
such as an offset from a baseline long term value, for example.
Detecting whether the tissue impedance falls below a thresh-
old value can be determined using a single measurement
vector, or using a weighted or other combination of multiple
measurement vectors, such as non-orthogonal vectors,
orthogonal vectors, or a combination thereof. The compari-
son to a threshold can use a single measurement or multiple
measurements, such as an average or other central tendency
of multiple measurements obtained during a specified period
of time.

At 606, if it has been determined at 604 that the tissue
characteristic meets a threshold value (e.g., fluid accumula-
tion is present), then it can be determined at 606 whether a
change in the tissue characteristic of the orthogonal vector is
less than a change in the tissue characteristic of the non-
orthogonal vector. For an example in which the tissue char-
acteristic includes a tissue impedance, it can be determined at
606 whether a change in tissue impedance of the orthogonal
vector is less than a change in tissue impedance of the non-
orthogonal vector and, if so, then at 608, the fluid accumula-
tion is declared to be associated with local fluid in the lungs,
and otherwise, at 610, the fluid accumulation is declared to
notbe associated with local fluid in the lungs (e.g., such as can
arise from pneumonia), but instead associated with fluid else-
where (e.g., global fluid overload such as associated with a
CHF decompensation episode. Information about (or based
on) whether the fluid accumulation is local to the lungs (e.g.,
fluid presence, fractional change in impedance, indication of
pneumonia, CHF decompensation, etc.) can be communi-
cated to a user or automated process, such as to provide a
diagnostic indication or for use in controlling a therapy pro-
vided by the CRM device 100 (e.g., cardiac resynchroniza-
tion therapy (CRT)), by another implanted, ambulatory, or
other medical device, or by a physician or other caregiver.
Such communication can be internal to the electronics unit
102 of the CRM device 100, or can involve communication
with the local interface 123 or with the remote interface 124.
The acts described in FIG. 6 can be performed by the proces-
sor 208 or other circuitry in the electronics unit 102 of the
CRM device 100, or by a processor or other circuitry associ-
ated with the local interface 123 or the remote interface 124,
or using some combination of the CRM device 100, the local
interface 123, or the remote interface 124.

At 606, determining whether a change in the tissue char-
acteristic of an orthogonal vector is less than a change in the
tissue characteristic of the non-orthogonal vector need not
involve comparing absolute actual changes in the tissue char-
acteristic. For example, where the tissue characteristic
includes a tissue impedance, it can involve comparing a frac-
tional change in the impedance of the orthogonal vector to a

20

25

40

45

12

fractional change in the impedance of the non-orthogonal
vector or can involve scaling the impedance of the non-or-
thogonal vector or the orthogonal vector.

As an illustrative example, the comparison can be
expressed as:

AZo/Zo<0 I/ Zno

where, in the above equation, AZ , represents the change in
impedance of the orthogonal vector, 7, represents a baseline
(e.g., long term) value of the impedance of the orthogonal
vector, AZ /7, represents a fractional change in impedance
of the orthogonal vector relative to its baseline value, AZ,,
represents the change in impedance of the non-orthogonal
vector, Z,,, represents a baseline (e.g., long term) value of the
impedance of the non-orthogonal vector, AZ /7. repre-
sents a fractional change in impedance of the non-orthogonal
vector relative to its baseline value, and o. represents a speci-
fied scaling factor for the comparison to be applied to a
specified side of the relationship of the above comparison.

As described above, in the example of FIG. 6, the non-
orthogonal first measurement vector can include a vector that
is substantially local within the heart (e.g., using RV tip
electrode 110 and RV Coil electrode 114 for delivering an
excitation and measuring the response) and the orthogonal
second measurement vector can include RA-LV-Can, such as
described above.

This example is merely illustrative of the type of compari-
son that can be made. Other comparisons, or variations on the
above comparison can be made. For example, where the
decrease in fluid impedance is expected to exhibit a slower
time-course, a cumulative sum of difference (e.g., summing
impedance deviations from the baseline over a specified time
period) or like technique can be used to determine the change
the non-orthogonal and orthogonal impedances.

In an example, the techniques of FIGS. 5 and 6 can be used
together. For example, the technique of FIG. 5 can be used to
determine whether a fluid accumulation is due to local fluid
accumulating in the pocket or something else, such as
described above. If something else, then the technique of FIG.
6 can be used to further determine whether the fluid accumu-
lation is due to fluid accumulating in the lungs (e.g., from
pneumonia) or something else, such as a global fluid overload
(e.g., from CHF decompensation).

More generally, the examples of techniques described
above with respect to FIGS. 5 and 6 can be applied more
generally to detect various conditions such as by using a
differential tissue characteristic between an orthogonal vec-
tor and a non-orthogonal vector. Further, various orthogonal
and non-orthogonal vectors can be used together in various
permutations and combinations. Table 1 below lists some
examples.

TABLE 1

Examples of Physiological Conditions Detectable using
a Non-Orthogonal Vector and an Orthogonal Vector

Condition

Non-Orthogonal Vector

Orthogonal Vector

Pocket Fluid (e.g., from
infection, hematoma, or
seroma)
Pocket Fluid (e.g., from
infection, hematoma, or
seroma)
Pocket Fluid (e.g., from
infection, hematoma, or
seroma)

LV (e.g., 118, 120) - Can
(eg., 105,107)

LV (e.g., 118, 120) - Can
(eg., 105,107)

IV (e.g., 118, 120) - Can
(eg., 105,107)

RA (e.g., 119, 121) - LV
(e.g., 118,120) - Can
(e.g., 105,107)

RV (e.g., 110,112, 114) -
LV (e.g., 118, 120) - Can
(e.g., 105,107)

SVC (e.g, 116)- LV
(e.g., 118, 120) - Can
(e.g., 105,107)
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Examples of Physiological Conditions Detectable using
a Non-Orthogonal Vector and an Orthogonal Vector

Condition

Non-Orthogonal Vector

Orthogonal Vector

Pocket Fluid (e.g., from
infection, hematoma, or
seroma)

Pocket Fluid (e.g., from
infection, hematoma, or
seroma)

Pocket Fluid (e.g., from
infection, hematoma, or
seroma)

Pericardial Fluid (e.g.,
from pericardial effusion
or pericarditis)
Pericardial Fluid (e.g.,
from pericardial effusion
or pericarditis)
Pericardial Fluid (e.g.,
from pericardial effusion
or pericarditis)
Pericardial Fluid (e.g.,
from pericardial effusion
or pericarditis)
Pulmonary Fluid (e.g.,
from pneumonia or
pulmonary congestion)
Pulmonary Fluid (e.g.,
from pneumonia or
pulmonary congestion)
Pulmonary Fluid (e.g.,
from pneumonia or
pulmonary congestion)
Hemodilution

Hemodilution

LV (e.g., 118, 120) - Can
(eg., 105, 107)

RV (e.g.. 110,112, 114) -
Can (e.g., 105, 107)

RA (e.g., 119,121) - Can
(eg., 105, 107)

RV (e.g., 110,112, 114) -
LV (e.g., 118, 120)

RA (e.g., 119,121)- RV
(eg., 110, 112,114)

RV (e.g., 110,112, 114) -
LV (e.g., 118, 120)

SVC (e.g., 116) - RV
(eg., 110, 112, 114)

LV (e.g., 118, 120) - Can
(eg., 105, 107)

RA (e.g., 119,121) - Can
(e.g., 105, 107)

RV (e.g., 110,112, 114) -
Can (e.g., 105, 107)

RV (e.g., 110,112, 114) -
Can (e.g., 105, 107)

RA (e.g., 119,121) - Can
(eg., 105, 107)

RA (e.g., 119, 121} - Can
(e.g., 105,107)- LV
(e.g., 118,120)

RA (e.g., 119, 121} - Can
(e.g., 105,107)- LV
(e.g., 118,120)

SVC (e.g., 116) - Can
(e.g., 105,107)- LV
(e.g., 118,120)

RA (e.g., 119,121} - RV
(e.g., 110,112,114) - LV
(e.g., 118,120)

RA (e.g., 119,121} - RV
(e.g., 110,112,114) - LV
(e.g., 118, 120)

SVC (e.g., 116) - RV
(e.g., 110,112,114) - LV
(e.g., 118, 120)

SVC (e.g., 116) - RV
(e.g., 110,112,114) - LV
(e.g., 118, 120)

RA (e.g., 119,121} - LV
(e.g., 118, 120) - Can
(e.g., 105, 107)

RA (e.g., 119,121} - LV
(e.g., 118, 120) - Can
(e.g., 105, 107)

RA (e.g., 119,121} - LV
(e.g., 118, 120) - Can
(e.g., 105, 107)

RA (e.g., 119,121} - RV
(e.g., 110,112,114) - Can
(e.g., 105, 107)

RV (e.g.,110,112,114) -
RA (e.g., 119, 121} - Can
(e.g., 105, 107)
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In Table 1, the orthogonal vectors use a measurement vec-
tor comprising an excitation vector that is different than the
response vector. For a tripolar orthogonal vector, the configu-
ration can be denoted (x-y-z), such as written in the examples
of Table 1, where the excitation signal is provided between the
electrodes y and z and the response signal is measured
between electrodes x and y. In a vice-versa example, the
excitation signal can be provided between the electrodes x
and y and the response signal can be measured between the
electrodes y and z.

In the above examples, the orthogonal and non-orthogonal
vectors have been explained, for illustrative clarity, with
respect to the case in which the electronics unit 102 of the
CRM device 100 is implanted in a pocket in the left pectoral
region of the subject. However, this is not always the case. In
other examples, the electronics unit 102 of the CRM device
100 can be implanted in a pocket in the right pectoral region,
or abdominally, and the orthogonal vectors and non-orthogo-
nal vectors can be adjusted accordingly for such different
implant locations of the electronics unit 102 of the CRM
device 100.

In an example, for a left-side pectorally implanted elec-
tronics unit 102 ofthe CRM device 100, examples of orthogo-
nal vectors to the pocket location of the implanted electronics
unit 102 ofthe CRM device 100 can include: (1) LV-Can-RA,;
or (2) RV-Can-RA. For a right side pectorally implanted
electronics unit 102 of the CRM device 100, examples of
orthogonal vectors to the pocket location of the implanted
electronics unit 102 of the CRM device 100 can include (1)
RV-Can-RA; or (2) LV-Can-RA; or (3) LV-Can-RV.
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In an example that includes a lead-connected or other pul-
monary artery pressure (PAP) sensor that includes a pulmo-
nary artery (PA) electrode, this provides more possibilities for
providing orthogonal vectors, for a left-side implanted elec-
tronics unit 102 or a right-side implanted electronics unit 102,
e.g., PA-Can-X, wherein X can include an intracardiac elec-
trode, such as any of the intracardiac electrodes described
above.

In an example, for a left-side pectorally implanted elec-
tronics unit 102 ofthe CRM device 100, examples of orthogo-
nal vectors to the heart can include: (1) Can-RV-RA; or (2)
Can-LV-RA. For aright side pectorally implanted electronics
unit 102 of the CRM device 100, examples of orthogonal
vectors to the heart can include (1) Can-RV-LV; or (2) Can-
LV-RV (where LV can represent any one of the different
electrodes that are typically associated with the left ventricle).

Additional Notes

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration, spe-
cific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.”
Such examples can include elements in addition to those
shown or described. However, the present inventors also con-
template examples in which only those elements shown or
described are provided. Moreover, the present inventors also
contemplate examples using any combination or permutation
of those elements shown or described (or one or more aspects
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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.

All publications, patents, and patent documents referred to
in this document are incorporated by reference herein in their
entirety, as though individually incorporated by reference. In
the event of inconsistent usages between this document and
those documents so incorporated by reference, the usage in
the incorporated reference(s) should be considered supple-
mentary to that of this document; for irreconcilable inconsis-
tencies, the usage in this document controls.

In this document, the terms “a” or “an” are 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 the appended claims, 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, or process that
includes elements in addition to those listed after such a term
in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects.

Method examples described herein can be machine or
computer-implemented at least in part. Some examples can
include a computer-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 meth-
ods. The code may form portions of computer program prod-
ucts. Further, the code may be tangibly stored on one or more
volatile or non-volatile computer-readable media during
execution or at other times. These computer-readable media
may 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 (RAMSs), read only memo-
ries (ROMs), and the like.

The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or
oneormore 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 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 Descrip-
tion, various features may be grouped together to streamline
the disclosure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all fea-
tures of a particular disclosed embodiment. Thus, the follow-
ing claims are hereby incorporated into the Detailed Descrip-
tion, with each claim standing on its own as a separate
embodiment. The scope of the invention should be deter-
mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled.
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The claimed invention is:

1. An apparatus comprising:

a first interface, adapted to be coupled to implantable first
electrodes adapted to define a first measurement vector,
within a subject, the first measurement vector compris-
ing a first excitation vector for providing a first excita-
tion signal and a first response vector for sensing a first
response to the first excitation signal, wherein the first
excitation vector is non-orthogonal to the first response
vector;

a second interface, adapted to be coupled to implantable
second electrodes adapted to define a second measure-
ment vector, within the subject, the second measurement
vector comprising a second excitation vector for provid-
ing a second excitation signal and a second response
vector for sensing a second response to the second exci-
tation signal, wherein the second excitation vector is
substantially orthogonal to the second response vector;

a tissue impedance measurement circuit, selectively com-
municatively coupled to the first electrodes and to the
second electrodes, and adapted to repeatedly perform a
first tissue impedance measurement using the first mea-
surement vector and to perform a second tissue imped-
ance measurement using the second measurement vec-
tor; and

a processor, communicatively coupled to the tissue imped-
ance measurement circuit, the processor configured to:

compute a change in the first tissue impedance measure-
ment over a period of time and a change in the second
tissue impedance measurement over a period of time;

generate an indication associated with how much fluid is
present at a first location in the subject relative to how
much fluid is present at a second location in the subject
using a comparison between the change in the first tissue
impedance measurement and the change in the second
tissue impedance measurement.

2. The apparatus of claim 1, further comprising the
implantable first electrodes and the implantable second elec-
trodes.

3. The apparatus of claim 1, wherein the processor is con-
figured to compare the change in the first tissue impedance
measurement over the period of time and the change in the
second tissue impedance measurement over the period of
time to provide an indication associated with how much fluid
is present at the first location, wherein the first location is
associated with a pocket about an implantable medical
device, relative to how much fluid is present at the second
location, wherein the second location is within the subject but
separated from the pocket about the implantable medical
device.

4. The apparatus of claim 3, wherein the processor is con-
figured to compare the change in the first tissue impedance
measurement over the period of time and the change in the
second tissue impedance measurement over the period of
time to provide an indication of whether infection is present at
the first location associated with the pocket about the implant-
able medical device.

5. The apparatus of claim 4, further comprising a first
temperature sensor configured to be associated with the sub-

60 ject, and wherein the processor is configured to be commu-

65

nicatively coupled to the first temperature sensor to receive
information about a first temperature at a location of the
subject associated with the first temperature sensor, and touse
the information about the first temperature to provide the
indication of whether infection is present at the first location
associated with the pocket about the implantable medical
device.
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6. The apparatus of claim 5, further comprising a second
temperature sensor configured to be associated with the sub-
ject at a different location than the first temperature sensor,
and wherein the processor is configured to be communica-
tively coupled to the second temperature sensor to receive
information about a second temperature at a location of the
subject associated with the second temperature sensor, and to
use the information about a difference between the second
temperature and the first temperature to provide the indica-
tion of whether infection is present at the first location asso-
ciated with the pocket about the implantable medical device.

7. The apparatus of claim 1, further comprising the
implantable first electrodes and the implantable second elec-
trodes,

wherein the second measurement vector comprises a sec-

ond excitation vector for providing a second excitation
signal between a left ventricular electrode configured to
be associated with a left ventricle and a pectoral elec-
trode configured to be associated with a pectoral region,
and a second response vector for sensing a second
response to the second excitation signal between a left
ventricular electrode configured to be associated with a
left ventricle and a right atrial electrode configured to be
associated with a right atrium, wherein the second exci-
tation vector is substantially orthogonal to the second
response vector.

8. The apparatus of claim 7, wherein at least one of’

the first measurement vector comprises a first excitation

vector for providing a first excitation signal between a
right ventricular electrode configured to be associated
with aright ventricle and a pectoral electrode configured
to be associated with a pectoral region, and a first
response vector for sensing a first response to the first
excitation signal, the sensing the first response using a
right ventricular electrode configured to be associated
with aright ventricle and a pectoral electrode configured
to be associated with a pectoral region;

the first measurement vector comprises a first excitation

vector for providing a first excitation signal between a
right atrial electrode configured to be associated with a
right atrium and a pectoral electrode configured to be
associated with a pectoral region, and a first response
vector for sensing a first response to the first excitation
signal, the sensing the first response using a right atrial
electrode configured to be associated with a right atrium
and a pectoral. electrode configured to be associated
with a pectoral region; or

the first measurement vector comprises a first excitation

vector for providing a first excitation signal between a
left ventricular electrode configured to be associated
with a left ventricle and a pectoral electrode configured
to be associated with a pectoral region, and a first
response vector for sensing a first response to the first
excitation signal, the sensing the first response using a
left ventricular electrode configured to be associated
with a left ventricle and a pectoral electrode configured
to be associated with a pectoral region.

9. The apparatus of claim 1, wherein the processor is con-
figured to compare the change in the first tissue impedance
measurement over the period of time and the change in the
second tissue impedance measurement over the period of
time to provide an indication associated with how much fluid
is present at the first location, wherein the first location is
associated with a localized lung region, relative to how much
fluid is present at the second location, wherein the second
location is within the subject and associated with a global
region that extends beyond the localized lung region.
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10. A method comprising:

providing a first measurement vector, within a subject,
comprising a first excitation vector for providing a first
excitation signal and a first response vector for sensing a
first response to the first excitation signal, wherein the
first excitation vector is non-orthogonal to the first
response vector;
providing a second measurement vector, within the sub-
ject, comprising a second excitation vector for providing
a second excitation signal and a second response vector
for sensing a second response to the second excitation
signal, wherein the second excitation vector is substan-
tially orthogonal to the second response vector;

repeatedly performing a first tissue impedance measure-
ment using the first measurement vector and to perform
a second tissue impedance measurement using the sec-
ond measurement vector;

computing a change in the first tissue impedance measure-

ment over a period of time and a change in the second
tissue impedance measurement over the period of time;
and

generating an indication associated with how much fluid is

present at an first location in the subject relative to how
much fluid is present at a second location in the subject
using a comparison between the change in the first tissue
impedance measurement and the change in the second
tissue impedance measurement.

11. The method of claim 10, further comprising providing
implantable first electrodes configured for providing the first
measurement vector and providing implantable second elec-
trodes configured for providing the second measurement vec-
tor.

12. The method of claim 10, further comprising using the
comparison to provide an indication associated with how
much fluid is present at the first location, wherein the first
location is associated with a pocket about an implantable
medical device, relative to how much fluid is present at the
second location, wherein the second location is within the
subject but separated from the pocket about the implantable
medical device.

13. The method of claim 12, further comprising using the
comparison to provide an indication of whether infection is
present at the first location associated with the pocket about
the implantable medical device.

14. The method of claim 13, further comprising using
information about a first temperature at a location of the
subject to provide the indication of whether infection is
present at the first location associated with the pocket about
the implantable medical device.

15. The method of claim 10, further comprising using
information about a second temperature at a location of the
subject that is different from the location associated with the
first temperature to provide the indication of whether infec-
tion is present at the first location associated with the pocket
about the implantable medical device.

16. The method of claim 10, further comprising:

providing the implantable first electrodes and the implant-

able second electrodes,

wherein the second measurement vector comprises a sec-

ond excitation vector for providing a second excitation
signal between a left ventricle region and a pectoral
region, and a second response vector for sensing a sec-
ond response to the second excitation signal between a
left ventricle region and a right region, wherein the sec-
ond excitation vector is substantially orthogonal to the
second response vector.
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17. The method of claim 16, wherein at least one of:

the first measurement vector comprises a first excitation
vector for providing a first excitation signal between a
right ventricular region and a pectoral region, and a first
response vector for sensing a first response to the first
excitation signal, the sensing the first response between
a right ventricular region and a pectoral region;

the first measurement vector comprises a first excitation
vector for providing a first excitation signal between a
right atrial region and a pectoral region, and a first
response vector for sensing a first response to the first
excitation signal, the sensing the first response between
a right atrial region and a pectoral region; or

the first measurement vector comprises a first excitation
vector for providing a first excitation signal between a
left ventricular region and a pectoral region, and a first
response vector for sensing a first response to the first
excitation signal, the sensing the first response between
a left ventricular region and a pectoral region.

18. The method of claim 10, further comprising using the

comparison to provide an indication associated with how
much fluid is present at the first location, wherein the first
location is associated with a localized lung region, relative to
how much fluid is present at the second location, wherein the
second location is within the subject and associated with a
global region that extends beyond the localized lung region.

19. An apparatus comprising;

means for providing a first measurement vector, within a
subject, comprising a first excitation vector for provid-
ing a first excitation signal and a first response vector for
sensing a first response to the first excitation signal,
wherein the first excitation vector is non-orthogonal to
the first response vector;

means for providing a second measurement vector, within
the subject, comprising a second excitation vector for
providing a second excitation signal and a second
response vector for sensing a second response to the
second excitation signal, wherein the second excitation
vector is substantially orthogonal to the second response
vector;

means for repeatedly performing u first tissue impedance
measurement using the first measurement vector and to
perform a second tissue impedance measurement using
the second measurement vector;

means for computing a change in the first tissue impedance
measurement over a period of time and a change in the
second tissue impedance measurement over the period
of time; and
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means for generating an indication associated with how
much fluid is present at an first location in the subject
relative to how much fluid is present at a second location
in the subject using a comparison between the change in
the first tissue impedance measurement and the change
in the second tissue impedance measurement.

20. The apparatus of claim 19, further comprising:

a processor configured to use the comparison to provide an
indication associated with how much fluid is present at
the first location, wherein the first location is associated
with a pocket about an implantable medical device, rela-
tive to how much fluid is present at the second location,
wherein the second location is within the subject but
separated from the pocket about the implantable medical
device; and

wherein the processor is configured to use the comparison
to provide anindication of whether infection is present at
the first location associated with the pocket about the
implantable medical device.

21. The apparatus of claim 1, further comprising the

implantable first electrodes and the implantable second elec-
trodes,
wherein the first measurement vector is defined by one of

the following electrode combinations: 1) right ventricle
(RV) electrode-Can electrode; 2) right atrium (RA) elec-

trode-Can electrode; and 3) left ventricle (LV) electrode-
Can electrode, and wherein the second measurement
vector is defined by the following electrode combina-
tion: RA electrode-LV electrode-Can electrode.

22. The apparatus of claim 1, further comprising the
implantable first electrodes and the implantable second elec-
trodes,

wherein the second measurement vector is defined by one

of the following electrode combinations: 1) left ventricle
(LV) electrode-Can electrode-right atrium (RA) elec-
trode; 2) right ventricle (RV) electrode-Can electrode-
RA electrode; 3) LV electrode-Can electrode-RV elec-
trode.

23. The apparatus of claim 1, further comprising the
implantable first electrodes and the implantable second elec-
trodes, wherein the second measurement vector is defined by
one of the following electrode combinations: 1) Can elec-
trode-right ventricle (RV) electrode-right atrium (RA) elec-
trode; 2) Can electrode-left ventricle (LV) electrode-R A elec-
trode; 3) Can electrode-RV electrode-LV electrode; and (4)
Can electrode-LV electrode-RV electrode.
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