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Description
FIELD OF THE INVENTION

[0001] The invention generally relates to implantable
medical devices, such as pacemakers orimplantable car-
dioverter/defibrillators (ICDs), and in particular to tech-
niques for (1) monitoring thoracic fluid levels within pa-
tients using such devices, particularly patients with heart
failure or pulmonary edema, and for (2) controlling the
administration of diuretics to maintain thoracic fluid levels
within optimal ranges.

BACKGROUND OF THE INVENTION

[0002] Heart failure is a debilitating disease in which
abnormal function of the heart leads in the direction of
inadequate blood flow to fulfill the needs of the tissues
and organs of the body. Typically, the heart loses pro-
pulsive power because the cardiac muscle loses capacity
to stretch and contract. Often, the ventricles do not ade-
quately eject or fill with blood between heartbeats and
the valves regulating blood flow become leaky, allowing
regurgitation or back-flow of blood. The impairment of
arterial circulation deprives vital organs of oxygen and
nutrients. Fatigue, weakness and the inability to carry out
daily tasks may result. Not all heart failure patients suffer
debilitating symptoms immediately. Some may live ac-
tively for years. Yet, with few exceptions, the disease is
relentlessly progressive. As heart failure progresses, it
tends to become increasingly difficult to manage. Even
the compensatory responses it triggers in the body may
themselves eventually complicate the clinical prognosis.
Forexample, when the heart attempts to compensate for
reduced cardiac output, it adds muscle causing the ven-
tricles (particularly the left ventricle) to grow in volume in
an attempt to pump more blood with each heartbeat. This
places astill higherdemand onthe heart’s oxygen supply.
If the oxygen supply falls short of the growing demand,
as it often does, further injury to the heart may result. The
additional muscle mass may also stiffen the heart walls
to hamper rather than assist in providing cardiac output.
A particularly severe form of heart failure is congestive
heart failure (CHF) wherein the weak pumping of the
heart leads to build-up of fluids in the lungs and other
organs and tissues.

[0003] The current standard treatment for heart failure
is typically centered on medical treatment using angi-
otensin converting enzyme (ACE) inhibitors, diuretics,
beta-blockade, and digitalis. Cardiac resynchronization
therapy (CRT) may also be employed, if a biventricular
pacing device is implanted. Briefly, CRT seeks to nor-
malize asynchronous cardiac electrical activation and re-
sultant asynchronous contractions associated with CHF
by delivering synchronized pacing stimulus to both ven-
tricles. The stimulus is synchronized so as to improve
overall cardiac function. This may have the additional
beneficial effect of reducing the susceptibility to life-
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threatening tachyarrhythmias. CRT and related thera-
pies are discussedin, forexample, U.S. Patent6,643,546
to Mathis, et al., entitled "Multi-Electrode Apparatus and
Method for Treatment of Congestive Heart Failure"; U.S.
Patent 6,628,988 to Kramer, et al., entitled "Apparatus
and Method for Reversal of Myocardial Remodeling with
Electrical Stimulation"; and U.S. Patent 6,512,952 to
Stahmann, et al., entitled "Method and Apparatus for
Maintaining Synchronized Pacing".

[0004] In view of the potential severity of heart failure,
it is highly desirable to track the progression of the con-
dition so that appropriate therapy can be provided. Many
patients suffering heart failure already have pacemakers
or ICDs implanted therein or are candidates for such de-
vices. Accordingly, it is desirable to provide such devices
with the capability to automatically track progression of
heart failure. Some aspects of the present invention are
directed to this end.

[0005] Pulmonary edema is a swelling and/or fluid ac-
cumulation in the lungs often caused by heart failure (i.e.
the edema represents one of the "congestives" of CHF.)
Briefly, the poor cardiac function resulting from heart fail-
ure can cause blood to back up in the lungs, thereby
increasing blood pressure in the lungs, particularly pul-
monary venous pressure. The increased pressure push-
es fluid -- but not blood cells -- out of the blood vessels
and into lung tissue and air sacs (i.e. the alveoli). This
can cause severe respiratory problems and, left untreat-
ed, can be fatal. Pulmonary edema can also arise due
to other factors besides heart failure, such as infections.
[0006] One therapy delivered to address pulmonary
edema is to administer diuretics to the patientin an effort
to reduce the amount of fluids within the thorax of the
patient. One technique uses thoracic electrical imped-
ance measurements to detect a "fluid overload," i.e. a
significant increase in thoracic fluids. A drop in thoracic
impedance is deemed to be indicative of such a fluid over-
load. In response, diuretics such as furosemide or
bumetanide are administered to the patient to reduce the
fluid overload. (Diuretics are drugs that increase the flow
of urine, thus eliminating water from the body, ultimately
reducing thoracic fluid levels.)

[0007] The use of electrical impedance is promising
since thoracic impedance can be readily measured in
situ using pacemaker or ICDs. However, a significant
concern with thoracic impedance-based techniques is
that the thoracic impedance measurement provides only
a relative measurement of thoracic fluid levels, i.e. the
technique merely detects a drop in impedance indicative
of a possible increase in thoracic fluid levels. It does not
necessarily establish that thoracic fluid levels have in-
creased beyond an acceptable range. Moreover, imped-
ance drops can occur frequently within some patients
without any clinical consequences and are often merely
"false positive" events. When titrating a patient with diu-
retics based on such drops in thoracic impedance, it is
thus possible to overcorrect the fluid overload by dispens-
ing too much diuretic. The patient may then become hy-
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povolemic (a condition wherein there is too little blood).
[0008] Accordingly, it would also be desirable to pro-
vide improved techniques for monitoring thoracic fluid
levels, which avoid the aforementioned problems, and it
is to this end that aspects of the invention are primarily
directed. Itis particularly desirable to provide techniques
for titrating diuretics within patients to keep thoracic fluid
levels within an optimal range and such techniques are
described herein.

[0009] WO-A-2006/068566 discloses a medical de-
vice for obtaining electrical bio-impedance signals in or-
der to monitor or detect changes in a condition of a heart
of a patient. US-A-2005/0090753 discloses a non-inva-
sive device for determining the hemodynamic state of a
subject.

[0010] The invention is set out in the claims.

[0011] Techniques are provided for monitoring thorac-
ic fluids within a patient having an implantable medical
device. In one example, the device detects both thoracic
impedance (Zt) and cardiogenic impedance (Z¢), i.e. an
impedance signal representative of the beating of the
heart of the patient. The device then monitors thoracic
fluids based on a combination of thoracic impedance and
cardiogenic impedance. By exploiting cardiogenic im-
pedancein addition to thoracicimpedance, thoracic fluids
can be monitored more effectively to, for example, allow
for proper titration of diuretics to maintain fluids within an
optimal zone for the patient (as specified in advance by
the physician or other caregiver.)

[0012] In this regard, although thoracic impedance is
helpful for determining whether thoracic fluid levels are
generally increasing or decreasing, the additional use of
cardiogenic impedance permits a more effective deter-
mination of whether thoracic fluid levels have deviated
from an acceptable or optimal range. In particular, car-
diogenic impedance is affected by heart contractility,
which is in turn affected by overall blood fluid levels. If
the patient becomes either hypervolemic or hypovolemic
(i.e. too much or too little fluid in the blood), heart con-
tractility tends to decrease, which, in turn, causes a de-
crease in the maximum time rate of change in cardiogenic
impedance (i.e. max(dZ/dt)).

[0013] Accordingly, in at least some embodiments,
max(dZc/dt) is monitored to detect trends toward hyper-
volemic or hypovolemic states within the patient. The de-
tection of these trends in combination with trends in tho-
racic impedance levels allows for a determination of
whether the thoracic cavity of the patientis generally "too
wet" or "too dry," and thus allows for the titration of diu-
retics to avoid such extremes. For example, a decrease
in thoracic impedance (Zt) in combination with a de-
crease in max (dZg/dt) is indicative of the thorax being
"too wet" (i.e. a fluid overload). Conversely, an increase
in thoracic impedance (Z;) in combination with a de-
crease in max (dZg/dt) is indicative of the thorax being
"too dry" (i.e. a fluid underload).

[0014] In an exemplary embodiment, thoracic imped-
ance is detected by the implantable medical device using
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leads implanted within the heart by delivering impedance
detection pulses along a first detection vector between
a left ventricular (LV) coil shocking electrode (or an LV
pacing electrode) and an electrode mounted to the hous-
ing or "can" of the device. Cardiogenic impedance is in-
stead detected using impedance detection pulses deliv-
ered along a second detection vector between the LV
pacing electrode and aright ventricular (RV) pacing elec-
trode. Alternatively, a single impedance detection vector
may be used, with the thoracic and cardiogenic compo-
nents of the impedance signal identified and extracted
using appropriate filters. Max(dZ/dt) is then determined
from Z for use in combination with Z; to detect trends
toward thoracic fluid overload or underload. In this re-
gard, max(dZ/dt) decreases with diminishing heart con-
tractility (which, as noted, is indicative of trends toward
hypervolemic or hypovolemic states.) Hence,
max(dZ./dt) may be used in combination with Z to detect
trends toward thoracic fluid states that are "too wet" or
"too dry." Alternatively, rather than using max(dZ/dt),
the peak-to-peak excursion within the cardiogenic im-
pedance signal may be exploited. Preferably, when using
peak-to-peak excursion, the cardiogenic impedance sig-
nal is detected between a right atrial (RA) coil and the
device housing.

[0015] In one illustrative embodiment, an implantable
drug pump containing suitable diuretics is employed. The
implantable medical device directly controls the delivery
and titration of the diuretics so as to maintain the patient’s
thoracic fluids within an optimal range. In other embodi-
ments, the implantable device transmits information to
an external device (such as a bedside monitor or hand-
held interface device) for notifying the patient or caregiver
ofthe need to adjust the dosage of diuretics. Forexample,
if the analysis of cardiogenic and thoracic impedance
trends indicates a trend toward fluid overload, the dosage
of diuretics is increased (or initiated). If, instead, the anal-
ysis indicates the patient is becoming hypovolemic, the
dosage of diuretics is decreased or suspended. An expert
system may be used, either within the implanted device
or within an external system, to determine the proper
diuretic dosages for a particular patient so as to maintain
fluid levels within an optimal range. In some examples,
if adjustments to diuretic dosages do not maintain fluid
levels within the optimal range, a physician is notified.
Still further, long-term trend information in both cardio-
genic and thoracic impedance may be generated and
analyzed for tracking the progression or regression of
heart failure.

[0016] Thus, in atleast some embodiments, animped-
ance-based metric is provided to prevent unnecessary
false positive diuresis, excessive diuresis, and to help
maintain the patient in an optimal state of fluids - neither
"too wet" nor "too dry."

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and further features, advantages
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and benefits of the invention will be apparent upon con-
sideration of the present description taken in conjunction
with the accompanying drawings, in which:

[0018] FIG. 1 illustrates pertinent components of an
implantable medical system having a pacemaker or ICD
capable of monitoring thoracic fluid levels based on tho-
racic impedance and cardiogenic impedance;

[0019] FIG. 2 is a flowchart providing an overview of
the impedance-based monitoring technique performed
by the system of FIG. 1;

[0020] FIG. 3 is a graph illustrating variations in car-
diogenic impedance and thoracic impedance relative to
thoracic fluid levels, which are exploited by the technique
of FIG. 3, and particularly illustrating an optimal thoracic
fluid range;

[0021] FIG. 4is a graph illustrating variations or trends
in cardiogenic impedance and thoracic impedance val-
ues over time exploited by the technique of FIG. 3, and
particularly illustrating periods of time wherein imped-
ance values deviate from optimal ranges;

[0022] FIG. 5 is a flowchart providing an exemplary
technique for maintaining thoracic fluid levels within an
optimal range in accordance with the general technique
of FIG. 2;

[0023] FIG. 6 is a simplified, partly cutaway view, illus-
trating the pacer/ICD of FIG. 1 along with at set of leads
implanted into the heart of the patient; and

[0024] FIG. 7 is a functional block diagram of the pac-
er/ICD of FIG. 6, illustrating basic circuit elements that
provide cardioversion, defibrillation and/or pacing stim-
ulation in the heart and particularly illustrating compo-
nents for monitoring thoracic fluids using the techniques
of FIGS. 2 - 5.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0025] The following description includes the best
mode presently contemplated for practicing the inven-
tion. This description is not to be taken in a limiting sense
but is made merely to describe general principles of the
invention. The scope of the invention should be ascer-
tained with reference to the issued claims. In the descrip-
tion of the invention that follows, like numerals or refer-
ence designators will be used to refer to like parts or
elements throughout.

Overview of Implantable System

[0026] FIG. 1 illustrates animplantable medical system
8 capable of monitoring thoracic fluid levels using both
cardiogenic impedance and thoracic impedance. The
system is further capable of titrating dosages of diuretics
to maintain thoracicfluid levels within optimal or preferred
ranges. To these ends, medical system 8 includes a pac-
er/ICD 10 or other cardiac rhythm management device
capable of applying impedance detection pulses to pa-
tient thoracic tissues (including heart tissues) via one or
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more cardiac sensing/pacing leads 12 implanted within
the heart of the patient. (In FIG. 1, two exemplary leads
are shown -- an RV lead and an LV lead, in stylized form.
A more complete set of leads is set forth in FIG. 6.)
[0027] Thoracic impedance and cardiogenic imped-
ance signals are detected based on the impedance de-
tection pulses, with which the pacer/ICD detects and
monitors trends in thoracic fluids. In some embodiments,
the pacer/ICD additionally tracks progression of heart
failure or pulmonary edema based on long-term trends
in thoracic fluids. The pacer/ICD may also be pro-
grammed to titrate diuretics to maintain thoracic imped-
ance within a predetermined range. For example, as
shown, the implantable system may be equipped with a
drug pump 14 capable of the delivering diuretics or other
medications to patient tissues in an attempt to maintain
thoracic fluids within an optimal range. In other embodi-
ments, information pertaining to thoracic fluid levels is
transmitted to an external system, such as bedside mon-
itor 16, which generates diagnostic displays instructing
the patient to take certain dosages of or other medica-
tions.

[0028] In addition, warning signals may be generated
using either the bedside monitor 16 or an internal warning
device 18 to warn the patient of any significant deviation
from the optimal thoracic fluid range, particularly any de-
viation not compensated for by prior adjustments to diu-
retic dosages. Internal warning device 18 may be a vi-
brating device or a "tickle" voltage device that, in either
case, provides perceptible stimulation to the patient to
alert the patient. The bedside monitor may provide audi-
ble or visual alarm signals to alert the patient, as well as
any appropriate textual or graphic displays. In addition,
diagnostic information pertaining to changes in thoracic
fluid levels (and to any medical conditions detected there-
from) may be stored within the pacer/ICD for subsequent
transmission to an external programmer (not shown in
FIG. 1) for review by a physician during a follow-up ses-
sion between patient and physician. The physician then
prescribes any other appropriate therapies to address
the condition. The physician may also adjust the opera-
tion of the pacer/ICD to activate, deactivate or otherwise
control any therapies that are automatically applied. In
addition, the bedside monitor may be directly networked
with a centralized computing system for immediately no-
tifying the physician or other caregiver.

[0029] Additionally, the pacer/ICD performs a wide va-
riety of pacing and/or defibrillation functions such as de-
livering pacing is response to an arrhythmia or generating
and delivering defibrillation shocks in response to fibril-
lation.

[0030] Hence, FIG. 1 provides an overview of an im-
plantable system capable of monitoring thoracic fluid lev-
els based on both thoracic impedance and cardiogenic
impedance and further capable of titrating diuretics or
controlling other forms of therapy and for delivering ap-
propriate warnings, if needed. Embodiments may be im-
plemented that do not necessarily perform all of these
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functions. Rather, embodiments may be implemented
that provide, for example, only for tracking thoracic fluid
levels and generating diagnostic information for review.
In addition, systems provided in accordance with the in-
vention need not include all the components shown in
FIG. 1. In many cases, for example, the implantable sys-
tem will include only the pacer/ICD and its leads. Drug
pumps and warning devices are not necessarily implant-
ed. Some implementations may employ an external mon-
itor for generating warning signals but no internal warning
device. These are just a few exemplary embodiments.
No attempt is made herein to describe all possible com-
binations of components that may be provided in accord-
ance with the general principles of the invention. Also,
note that, although internal signal transmission lines are
shown in FIG. 1 for interconnecting the various implanted
components, wireless signal transmission may alterna-
tively be employed. In addition, the particular shape, size
and locations of the implanted components shown in FIG.
1 are merely illustrative and may not necessarily corre-
spond to actual implant locations. In particular, preferred
implant locations for the leads are more precisely illus-
trated in FIG. 6.

Overview of Impedance-based Fluid Level Monitoring
Technique

[0031] FIG. 2 broadly summarizes the general tech-
nique for monitoring thoracic fluids employed by the sys-
tem of FIG. 1 or other suitably equipped systems. Begin-
ning atsteps 100 and 102, the pacer/ICD detects thoracic
impedance and cardiogenic impedance, respectively. At
step 104, the pacer/ICD then monitors thoracic fluids
based on a combination of thoracic impedance and car-
diogenic impedance. As noted, thoracic impedance is
affected by the degree of thoracic fluids. Cardiogenic im-
pedance is affected by heart contractility. Heart contrac-
tility decreases with either excessive or deficient fluid lev-
els. As such, a combination of thoracic impedance and
cardiogenic impedance provides an effective "cross-
check" tool for assessing thoracic fluid levels.

[0032] FIG. 3 illustrates the relationship between tho-
racic impedance Z; 106 and thoracic fluid levels, which
is shown along a scale from "too dry" (i.e. fluid underload)
to "too wet" (i.e. fluid overload). Being "too wet" creates
a state in which the patient is on the edge of pulmonary
edema, while being "too dry" can lead to hypotension.
Symptoms of hypotension are decreased blood pres-
sure, and poor peripheral perfusion. The patient may be-
come dizzy and weak. As can be seen, thoracic imped-
ance decreases with increasing thoracic fluid levels.
[0033] Additionally, FIG. 3 illustrates the maximum
time rate of change in cardiogenic impedance 108 (i.e.
max(dZ/dt)). As the figure shows, max(dZ/dt) decreas-
es when the thorax is too wet and also when it is too dry.
Max(dZc/dt) is at its peak when thoracic fluid levels are
within an optimal or preferred range 110. As such, a com-
bination of both thoracic impedance and cardiogenic im-
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pedance allows for a robust determination of whether the
thoracic fluid levels of the patient are optimal. In partic-
ular, whereas a decrease in thoracic impedance merely
indicates a relative increase in thoracic fluids, the addi-
tional examination of cardiogenic impedance allows for
a determination of whether the thoracic fluids are within
the optimal range. This allows diuretics to be titrated so
as to maintain thoracic fluid levels within the optimal
range. This also prevents over-diuresis along with its un-
necessary side effects, and improves specificity when
dealing with critical situations indicating need for clinical
consultation.

[0034] FIG. 4 illustrates changes in thoracic imped-
ance Zt 112 and cardiogenic impedance (specifically
max(dZc/dt)) 114 over a period of forty days within a test
subject wherein diuretics are titrated in an effort to keep
thoracic fluid levels within, or close to, an optimal fluid
level range. During a first period of ten days, a fluid overall
is building, which is reflected both in changes in thoracic
impedance and in cardiogenicimpedance. The fluid over-
load increases fluids within the thoracic cavity, which
causes a decrease in thoracic impedance 112. Mean-
while, as the fluid overload builds, the patient tends to
become hypervolemic, which decreases heart contrac-
tility. It is believed this decrease in heart muscle contrac-
tility is due to expansion or stretching of the myocardial
muscle caused by the increased blood volume within the
chambers of the heart arising due to hypervolemia. The
decrease in heart muscle contractility tends to cause a
reduction in max(dZq/dt)).

[0035] Inthisregard, the cardiogenicimpedance signal
Z represents the beating of the heart of the patient. The
slope of Z at any given point in time is indicative of the
rate at which heart muscle is contracting or expanding
at that time. The greater the slope, the faster the con-
traction or expansion. Hence, the maximum of the time
rate of change of Z; represents the point within each
individual heartbeat where the heart muscle is contract-
ing (or expanding) fastest. A decrease in heart muscle
contractility (due, e.g., to stretching of the myocardium
due to hypervolemia) prevents the heart from beating
vigorously and hence max(dZ./dt) values decrease. In
use, then, the pacer/ICD monitors cardiogenic imped-
ance and detects the individual max(dZg/dt) value for
each heartbeat. The individual values are tracked over
time (as shown by trend line 114) to reveal changes, if
any, in heart contractility. As explained, the increase in
fluids causes a decrease in contractility, which, in turn,
causes a decrease in max(dZ/dt) values.

[0036] By Day Ten, both the thoracic impedance and
the max(dZc/dt) values have both dropped below respec-
tive optimal ranges 116, 118 indicating a fluid overload,
i.e. the patient is "too wet." Diuretics are administered
following Day Ten. The diuretics reduce overall blood
fluid levels thus also decreasing thoracic fluid levels (and
hence causing anincrease in thoracic impedance values
112). The reduction in blood fluid levels permits an in-
crease in heart contractility (resulting in a corresponding
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increase in max(dZ./dt) values 114.) Around Day Twen-
ty, thoracic impedance is again within optimal range 116
and max(dZc/dt) is also within optimal range 118. Con-
tinued use of diuretics ultimately results in over-diuresis,
i.e. the patient becomes "too dry." As blood fluid levels
continue to drop, thoracic impedance increases above
its optimal range 116, while max(dZ/dt) again drops be-
low its optimal range 118. The decrease in max(dZq/dt)
when the patient becomes "too dry" is again due to a
decrease in heart muscle contractility. That is, as blood
fluids decrease, the patient becomes hypovolemic, which
decreases heart contractility. It is believed this decrease
in heart muscle contractility is due to reduced blood vol-
ume within the chambers of the heart caused by hypov-
olemia. In particular, the reduction in blood volume per-
mits the myocardium to contract less vigorously than if
the chambers were properly filled, resulting in a reduction
in max(dZg/dt)).

[0037] Around Day 28, when the thoracic impedance
and cardiogenic impedance measurements indicate that
the patient is "too dry," diuretics are suspended. There-
after, blood fluid levels again decease, now causing an
increase in max(dZ./dt) and a decrease in thoracic im-
pedance, with both values returning to their respective
optimal ranges. Eventually, if the impedance values
again deviate from their respective optimal ranges, fur-
ther titration of diuretics may be warranted.

[0038] Preferably, diuretics are only titrated if both the
thoracic impedance and the max(dZ/dt) values deviate
from their optimal ranges. In this regard, max(dZ./dt)
might deviate from its optimal range due to changes in
heart contractility unrelated to changes in patient fluids
(such as changes in heart contractility due to heart dis-
ease). As such, an adjustment of diuretic dosages may
not be appropriate. Likewise, thoracic impedance might
deviate from its optimal range for reasons unrelated to a
fluid overload or underload (such as a possible malfunc-
tion in thoracic impedance measurements). By using
both thoracic impedance and cardiogenic impedance
values, unwarranted adjustments diuretics dosages can
be avoided.

[0039] Thus, FIGS. 2 - 4 provide a broad overview of
a general technique for tracking thoracic fluid levels. A
more detailed example will now be presented.

Diuretic Titration Example

[0040] FIG. 5 sets forth an illustrative method for titrat-
ing diuretics within a patient based on an examination of
thoracic impedance and cardiogenic impedance values.
Beginning at step 200, the pacer/ICD detects thoracic
impedance (Z7) values by applying detection pulses be-
tween the LV shocking coil and an electrode coupled to
the device can or housing. A particularly effective tri-pha-
sicimpedance detection pulse is described in U.S. Patent
Application No. 11/558,194 of Panescu et al., filed No-
vember 9, 2006, entitled "Closed-Loop Adaptive Adjust-
ment of Pacing Therapy Based on Cardiogenic Imped-
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ance Signals Detected by an Implantable Medical De-
vice." However, other suitable impedance detection puls-
es or waveforms may instead be exploited.

[0041] At step 202, the pacer/ICD then evaluates
trends (if any) in the thoracic impedance values, such as
generally increasing impedance values or generally de-
creasing impedance values over a period of hours or
days. Preferably, the impedance values are digitized and
stored in device memory to permit detection of any such
trends. Otherwise conventional signal processing tech-
niques may be applied to identify and quantify trends. In
a simple example, one or more thresholds are defined
to detect deviations from a predetermined optimal tho-
racic range. Suitable thresholds may be preprogrammed
in the pacer/ICD by the manufacturer or specified by the
physician during a post-implant follow-up session where
the physician programs pacer/ICD parameters. Where
appropriate, one or more filters may be applied to the
impedance values to isolate or emphasize thoracic im-
pedance. For example, a filter may be used to exclude
any higher frequency cardiogenic components of the im-
pedance signal.

[0042] Concurrently, beginning at step 204, the pac-
er/ICD also detects cardiogenic impedance (Z) by ap-
plying similar impedance detection pulses between LV
and RV pacing electrodes or between an RA coil and the
device housing. Suitable filters may be employed to help
isolate the cardiogenic portion of the signal and exclude
lower frequency components, such as respiratory com-
ponents. Alternatively, rather than using one detection
vector to detect thoracic impedance and another vector
to detect cardiogenic impedance, a single detection vec-
tor can be used. To obtain the cardiogenic impedance
signal, a low pass filter is applied to filter out respiratory
fluctuations and other low frequency fluctuations, leaving
only the relatively higher frequency cardiogenic fluctua-
tions. To obtain the thoracic impedance signal, a high
pass filter is applied to filter out cardiogenic fluctuations.
[0043] At step 206, the pacer/ICD then evaluates (1)
the maximum time rate of change of the cardiogenic im-
pedance, i.e. max(dZg/dt) and/or (2) the peak-to-peak
excursion in Z.. Max(dZ/dt) has already been described
herein. The peak-to-peak excursion in Z instead repre-
sents the difference between the maximum and minimum
values of the cardiogenic signal within each heartbeat.
As with max(dZq/dt), the peak-to-peak excursion in Zq
is affected by changes in contractility arising due to hy-
per/hypovolemia. In this regard, greater heart muscle
contractility generally corresponds to greater peak-to-
peak excursions in Z¢. Max(dZ/dt) is preferably derived
from an LV-RV impedance signal; whereas the peak-to-
peak excursion in Z¢ is preferably derived from an RA
coil-housing impedance signal.

[0044] At step 208, the pacer/ICD then evaluates
trends (if any) in the Z-based values obtained at 206.
As with the thoracic impedance values, the Z-based val-
ues may be digitized and stored in device memory to
permit detection of trends. Otherwise conventional signal
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processing techniques may be applied to identify and
quantify any such trends. In some examples, both
max(dZq/dt) values and peak-to-peak excursion values
are examined to detect trends or deviations from optimal
ranges.

[0045] At step 210, the pacer/ICD begins titrating diu-
retics based on the trends (if any) identified at steps 202
and 208. If, at step 210, thoracic impedance is found to
be decreasing while max(dZ/dt) or the peak-to-peak ex-
cursion in Z is found to be decreasing, then a fluid over-
load (an excess of thoracic fluids) is thereby detected at
step 212, i.e. the thorax of the patient is deemed to be
"too wet." Diuretics (such as furosemide) are then given
to the patient or, if a low dosage is already being given,
that dosage is increased, so as to reduce overall patient
fluids.

[0046] If the pacer/ICD is equipped with an implanted
drug pump provided with suitable diuretics, the diuretics
may be directly and automatically delivered to the patient.
If not, then suitable signals are relayed to a hand-held
interface device or transmitted directly to a bedside mon-
itor for instructing the patient or caregiver accordingly.
Such instructions might specify the particular diuretic to
be taken, as well as its dosage. In some examples, an
expert system is provided (either within the pacer/ICD or
within the bedside monitor or other external system) for
determining the optimal dosage of the diuretic for the
patient based, for example, on the history of the patient
history, the current dosage levels, the particular trends
detected and other information. For example, a rapid
change in impedance might warrant a significant change
in the dosage of diuretics; whereas a more gradual
change in impedance might warrant less significant ad-
justments in dosage. In addition, such an expert system
may be programmed to detect circumstances where prior
adjustments to diuretic dosages failed to have the intend-
ed effect on patient fluids. The expert system then pref-
erably notifies the physician or caregiver.

[0047] If, at step 214, thoracic impedance is instead
found to be increasing while max(dZ/dt) or the peak-to-
peak excursionin Z is decreasing, then afluid underload
(a deficit of thoracic fluids) is thereby detected at step
216, i.e. the thorax of the patient is deemed to be "too
dry." Delivery of diuretics is then suspended or, in some
cases, the dosage is merely decreased, so as to increase
overall patient fluids. Again, the particular response de-
pends, in part, on the capabilities of the implantable sys-
tem and any external systems used in conjunction there-
with. Again, an expert system may be provided to deter-
mine the particular response that is appropriate and/or
to forward appropriate warning signals to the patient, car-
egiver or physician.

[0048] In one particular example, thoracic impedance
for the patient might drop more than five ohms in a week
and the cardiogenic impedance might decrease 10%.
This triggers the system to deliver or prescribe forty mg
of furosemide, at step 212. If the patient improves the
next day, then the system returns to a previous dosage
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level (e.g. a default physician-prescribed dosage for the
patient.) However, if the patient does not improve, then
furosemide is again prescribed each day. If the thoracic
impedance thereafter increases and the cardiogenic im-
pedance shows a decrease in contractility, the titration
goal is thereby achieved, and the patient is returned to
the basic dosage, at step 216.

[0049] Inany case, following steps 212 or 216, the pac-
er/ICD performs step 218 wherein diagnostics are re-
corded; warning signals are generated (if trends indicate
the degree of thoracic fluids deviates from predetermined
acceptable bounds or if previous attempts at maintaining
optimal fluid levels have not been successful); long-term
trends, if any, are identified; and progression/regression
of heart failure is tracked. Insofar as the warning signals
are concerned, suitable upper and lower impedance-
based thresholds can be defined to identify any levels
that deviate significantly from acceptable bounds, such
that the physician can promptly be warned. In some ex-
amples, a short-term three ohm drop in thoracic imped-
ance triggers a warning such that the physician can im-
mediately review the patient’s impedance trends. Also,
in some examples, if the patient does not show improve-
ment after two days, warnings are also generated.
[0050] Note that step 218 is also performed even if no
fluid overload or underload is detected. This ensures pe-
riodic recordation of suitable diagnostics and periodic ex-
amination of long-term trends (i.e. trends occurring over
time frames of days to weeks or months.) Such long-term
trends might be indicative of progression or regression
of heart failure and suitable warning signals can be gen-
erated. Note that very short trends might be filtered out
by the aforementioned low-pass filters. Preferably, then,
absolute values of the impedance parameters are stored
within the device for long-term trend detection.

[0051] Note also that additional information besides
cardiogenic impedance and thoracic impedance may al-
so be exploited, particularly in conjunction with an expert
system capable of examining trends in several physio-
logical parameters and drawing conclusions therefrom.
For example, the RA coil - housing impedance signal
mentioned above is affected by the expansion ofthe great
vessels of the upper chest including the aorta, the aortic
arch, the subclavian, and carotid arteries. The expansion
of these great vessels relates to cardiac output and blood
pressure changes, which are in turn affected by blood
fluid levels. The peak-to-peak excursion in the upper tho-
rax impedance signal is related to ejection fraction, which
can be separately tracked by the expert system. In other
examples, stroke volume might be detected via suitable
sensors for use by the expert system. Stroke volume can
also be estimated based on LV-RV impedance signal
variations. These and other physiological parameters
can be analyzed by the expert system along with the
aforementioned thoracic and cardiogenicimpedance sig-
nals to provide a more robust analysis technique.
[0052] Still further, note that an examination of long-
term changes in blood pressure (derived, e.g., from an
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examination of the upper thoracic impedance signal or
from suitable blood pressure sensors) can also aid in the
detection of progression/regression of heart failure by
the expert system. In this regard, although congestive
heart failure is initially associated with elevated blood
pressure, when heart failure progresses to more severe
levels the systemic blood pressure drops because the
heart does not pump effectively enough to sustain ele-
vated blood pressure.

[0053] As can be appreciated, a wide variety of phys-
iological parameters detected by the implantable system
can be employed in conjunction with thoracic and car-
diogenic impedance to detect and track various condi-
tions and to control therapy.

[0054] In the following section, an exemplary pac-
er/ICD will be described, which includes components for
performing the impedance-based detection and evalua-
tion techniques or FIGS. 2 - 5.

Exemplary Pacer/ICD

[0055] FIG. 6 provides a simplified block diagram of
the pacer/ICD, which is a dual-chamber stimulation de-
vice capable of treating both fast and slow arrhythmias
with stimulation therapy, including cardioversion, defibril-
lation, and pacing stimulation, as well as capable of per-
forming the impedance-based functions described
above. To provide atrial chamber pacing stimulation and
sensing, pacer/ICD 10 is shown in electrical communi-
cation with a heart 312 by way of a left atrial lead 320
having an atrial tip electrode 322 and an atrial ring elec-
trode 323 implanted in the atrial appendage. Pacer/ICD
10 is also in electrical communication with the heart by
way of a right ventricular lead 330 having, in this embod-
iment, a ventricular tip electrode 332, a right ventricular
ring electrode 334, a right ventricular (RV) coil electrode
336, and a superior vena cava (SVC) coil electrode 338.
Typically, the right ventricular lead 330 is transvenously
inserted into the heart so as to place the RV coil electrode
336 in the right ventricular apex, and the SVC caoil elec-
trode 338 in the superior vena cava. Accordingly, the
right ventricular lead is capable of receiving cardiac sig-
nals, and delivering stimulation in the form of pacing and
shock therapy to the right ventricle.

To sense left atrial and ventricular cardiac signals and to
provide left chamber pacing therapy, pacer/ICD 10 is
coupled to a "coronary sinus" lead 324 designed for
placementin the "coronary sinus region" via the coronary
sinus os for positioning a distal electrode adjacent to the
left ventricle and/or additional electrode(s) adjacent to
the left atrium. As used herein, the phrase "coronary si-
nus region" refers to the vasculature of the left ventricle,
including any portion of the coronary sinus, great cardiac
vein, leftmarginal vein, left posterior ventricular vein, mid-
dle cardiac vein, and/or small cardiac vein or any other
cardiac vein accessible by the coronary sinus. Accord-
ingly, an exemplary coronary sinus lead 324 is designed
to receive atrial and ventricular cardiac signals and to
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deliver left ventricular pacing therapy using at least a left
ventricular tip electrode 326, left atrial pacing therapy us-
ing at least a left atrial ring electrode 327, and shocking
therapy using at least a left atrial coil electrode 328. With
this configuration, biventricular pacing can be performed.
Although only three leads are shown in FIG. 6, it should
also be understood that additional stimulation leads (with
one or more pacing, sensing and/or shocking electrodes)
may be used in order to efficiently and effectively provide
pacing stimulation to the left side of the heart or atrial
cardioversion and/or defibrillation.

A simplified block diagram of internal components of pac-
er/ICD 10is shownin FIG. 7. While a particular pacer/ICD
is shown, this is for illustration purposes only, and one
of skill in the art could readily duplicate, eliminate or dis-
able the appropriate circuitry in any desired combination
to provide a device capable of treating the appropriate
chamber(s) with cardioversion, defibrillation and pacing
stimulation as well as providing for the aforementioned
impedance-based functions.

The housing 340 for pacer/ICD 10, shown schematically
in FIG. 7, is often referred to as the "can", "case" or "case
electrode" and may be programmably selected to act as
the return electrode for all "unipolar" modes. The housing
340 may further be used as a return electrode alone or
in combination with one or more of the coil electrodes,
328, 336 and 338, for shocking purposes. The housing
340 further includes a connector (not shown) having a
plurality of terminals, 342, 343, 344, 346, 348, 352, 354,
356 and 358 (shown schematically and, for convenience,
the names of the electrodes to which they are connected
are shown next to the terminals). As such, to achieve
right atrial sensing and pacing, the connector includes at
least a right atrial tip terminal (Ag TIP) 342 adapted for
connection to the atrial tip electrode 322 and a right atrial
ring (Ag RING) electrode 343 adapted for connection to
right atrial ring electrode 323. To achieve left chamber
sensing, pacing and shocking, the connector includes at
least a left ventricular tip terminal (V| TIP) 344, aleft atrial
ring terminal (A_ RING) 346, and a left atrial shocking
terminal (A COIL) 348, which are adapted for connection
to the left ventricular ring electrode 326, the left atrial tip
electrode 327, and the left atrial coil electrode 328, re-
spectively. To support right chamber sensing, pacingand
shocking, the connector further includes a right ventricu-
lar tip terminal (Vg TIP) 352, a right ventricular ring ter-
minal (Vg RING) 354, a right ventricular shocking termi-
nal (R, COIL) 356, and an SVC shocking terminal (SVC
COIL) 358, which are adapted for connection to the right
ventricular tip electrode 332, right ventricular ring elec-
trode 334, the RV coil electrode 336, and the SVC coil
electrode 338, respectively.

At the core of pacer/ICD 10 is a programmable micro-
controller 360, which controls the various modes of stim-
ulation therapy. As is well known in the art, the microcon-
troller 360 (also referred to herein as a control unit) typ-
ically includes a microprocessor, or equivalent control
circuitry, designed specifically for controlling the delivery
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of stimulation therapy and may further include RAM or
ROM memory, logic and timing circuitry, state machine
circuitry, and 1/O circuitry. Typically, the microcontroller
360 includes the ability to process or monitor input signals
(data) as controlled by a program code stored in a des-
ignated block of memory. The details of the design and
operation of the microcontroller 360 are not critical to the
invention. Rather, any suitable microcontroller 360 may
be used that carries out the functions described herein.
The use of microprocessor-based control circuits for per-
forming timing and data analysis functions are well known
in the art.

As shown in FIG. 7, an atrial pulse generator 370 and a
ventricular/impedance pulse generator 372 generate
pacing stimulation pulses for delivery by the right atrial
lead 320, the right ventricular lead 330, and/or the coro-
nary sinus lead 324 via an electrode configuration switch
374. It is understood that in order to provide stimulation
therapy in each of the four chambers of the heart, the
atrial and ventricular pulse generators, 370 and 372, may
include dedicated, independent pulse generators, multi-
plexed pulse generators or shared pulse generators. The
pulse generators, 370 and 372, are controlled by the mi-
crocontroller 360 via appropriate control signals, 376 and
378, respectively, to trigger or inhibit the stimulation puls-
es.

The microcontroller 360 further includes timing control
circuitry (not separately shown) used to control the timing
of such stimulation pulses (e.g., pacing rate, atrio-ven-
tricular (AV) delay, atrial interconduction (A-A) delay, or
ventricular interconduction (V-V) delay, etc.) as well as
to keep track of the timing of refractory periods, blanking
intervals, noise detection windows, evoked response
windows, alert intervals, marker channel timing, etc.,
which is well known in the art. Switch 374 includes a
plurality of switches for connecting the desired electrodes
to the appropriate I/O circuits, thereby providing complete
electrode programmability. Accordingly, the switch 374,
in response to a control signal 380 from the microcon-
troller 360, determines the polarity of the stimulation puls-
es (e.g., unipolar, bipolar, combipolar, etc.) by selectively
closing the appropriate combination of switches (not
shown) as is known in the art.

Atrial sensing circuits 382 and ventricular sensing circuits
384 may also be selectively coupled to the right atrial
lead 320, coronary sinus lead 324, and the right ventricu-
lar lead 330, through the switch 374 for detecting the
presence of cardiac activity in each of the four chambers
of the heart. Accordingly, the atrial (ATR. SENSE) and
ventricular (VTR. SENSE) sensing circuits, 382 and 384,
may include dedicated sense amplifiers, multiplexed am-
plifiers or shared amplifiers. The switch 374 determines
the "sensing polarity" of the cardiac signal by selectively
closing the appropriate switches, as is also known in the
art. In this way, the clinician may program the sensing
polarity independent of the stimulation polarity. Each
sensing circuit, 382 and 384, preferably employs one or
more low power, precision amplifiers with programmable
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gain and/or automatic gain control, bandpass filtering,
and a threshold detection circuit, as known in the art, to
selectively sense the cardiac signal of interest. The au-
tomatic gain control enables pacer/ICD 10 to deal effec-
tively with the difficult problem of sensing the low ampli-
tude signal characteristics of atrial or ventricular fibrilla-
tion. The outputs of the atrial and ventricular sensing cir-
cuits, 382 and 384, are connected to the microcontroller
360 which, in turn, are able to trigger or inhibit the atrial
and ventricular pulse generators, 370 and 372, respec-
tively, in a demand fashion in response to the absence
or presence of cardiac activity in the appropriate cham-
bers of the heart.

For arrhythmia detection, pacer/ICD 10 utilizes the atrial
and ventricular sensing circuits, 382 and 384, to sense
cardiac signals to determine whether a rhythm is physi-
ologicor pathologic. As used herein"sensing" isreserved
for the noting of an electrical signal, and "detection" is
the processing of these sensed signals and noting the
presence of an arrhythmia. The timing intervals between
sensed events (e.g., P-waves, R-waves, and depolari-
zation signals associated with fibrillation which are some-
times referred to as "F-waves" or "Fib-waves") are then
classified by the microcontroller 360 by comparing them
to a predefined rate zone limit (i.e., bradycardia, normal,
atrial tachycardia, atrial fibrillation, low rate VT, high rate
VT, and fibrillation rate zones) and various other charac-
teristics (e.g., sudden onset, stability, physiologic sen-
sors, and morphology, etc.) in order to determine the type
of remedial therapy thatis needed (e.g., bradycardia pac-
ing, antitachycardia pacing, cardioversion shocks or de-
fibrillation shocks).

Cardiac signals are also applied to the inputs of an ana-
log-to-digital (A/D) data acquisition system 390. The data
acquisition system 390 is configured to acquire intracar-
diac electrogram signals, convert the raw analog data
into a digital signal, and store the digital signals for later
processing and/or telemetric transmission to an external
device 402. The data acquisition system 390 is coupled
to the right atrial lead 320, the coronary sinus lead 324,
and the right ventricular lead 330 through the switch 374
to sample cardiac signals across any pair of desired elec-
trodes. The microcontroller 360 is further coupled to a
memory 394 by a suitable data/address bus 396, wherein
the programmable operating parameters used by the mi-
crocontroller 360 are stored and modified, as required,
in order to customize the operation of pacer/ICD 10 to
suit the needs of a particular patient. Such operating pa-
rameters define, for example, pacing pulse amplitude or
magnitude, pulse duration, electrode polarity, rate, sen-
sitivity, automatic features, arrhythmia detection criteria,
and the amplitude, waveshape and vector of each shock-
ing pulse to be delivered to the patient’s heart within each
respective tier of therapy. Other pacing parameters in-
clude base rate, rest rate and circadian base rate.
Advantageously, the operating parameters of the im-
plantable pacer/ICD 10 may be non-invasively pro-
grammed into the memory 394 through a telemetry circuit
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400 in telemetric communication with the external device
402, such as a programmer, transtelephonic transceiver
or a diagnostic system analyzer. The telemetry circuit
400 is activated by the microcontroller by a control signal
406. The telemetry circuit 400 advantageously allows in-
tracardiac electrograms and status information relating
to the operation of pacer/ICD 10 (as contained in the
microcontroller 360 or memory 394) to be sent to the
external device 402 through an established communica-
tion link 404. Pacer/ICD 10 further includes an acceler-
ometer or other physiologic sensor 408, commonly re-
ferred to as a "rate-responsive" sensor because it is typ-
ically used to adjust pacing stimulation rate according to
the exercise state of the patient. However, the physio-
logical sensor 408 may further be used to detect changes
in cardiac output, changes in the physiological condition
of the heart, or diurnal changes in activity (e.g., detecting
sleep and wake states) and to detect arousal from sleep.
Accordingly, the microcontroller 360 responds by adjust-
ing the various pacing parameters (such as rate, AV De-
lay, V-V Delay, etc.) at which the atrial and ventricular
pulse generators, 370 and 372, generate stimulation
pulses. While shown as being included within pacer/ICD
10, itis to be understood that the physiologic sensor 408
may also be external to pacer/ICD 10, yet still be implant-
ed within or carried by the patient. Acommon type of rate
responsive sensor is an activity sensor incorporating an
accelerometer or a piezoelectric crystal, which is mount-
ed within the housing 340 of pacer/ICD 10. Other types
of physiologic sensors are also known, for example, sen-
sors that sense the oxygen content of blood, respiration
rate and/or minute ventilation, pH of blood, ventricular
gradient, etc.

The pacer/ICD additionally includes a battery 410, which
provides operating power to all of the circuits shown in
FIG. 7. The battery 410 may vary depending on the ca-
pabilities of pacer/ICD 10. If the system only provides
low voltage therapy, a lithium iodine or lithium copper
fluoride cell may be utilized. For pacer/ICD 10, which
employs shocking therapy, the battery 410 must be ca-
pable of operating at low current drains for long periods,
and then be capable of providing high-current pulses (for
capacitor charging) when the patient requires a shock
pulse. The battery 410 must also have a predictable dis-
charge characteristic so that elective replacement time
can be detected. Accordingly, pacer/ICD 10 is preferably
capable of high voltage therapy and appropriate batter-
ies.

As further shown in FIG. 7, pacer/ICD 10 is shown as
having an impedance measuring circuit 412 which is en-
abled by the microcontroller 360 via a control signal 414.
Herein, impedance is primarily detected for use in eval-
uating thoracic and cardiogenic impedance for use in
evaluating thoracic fluids. Other uses for an impedance
measuring circuit include, but are not limited to, lead im-
pedance surveillance during the acute and chronic phas-
es for proper lead positioning or dislodgement; detecting
operable electrodes and automatically switching to an
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operable pair if dislodgement occurs; measuring respi-
ration or minute ventilation; measuring thoracic imped-
ance for determining shock thresholds; detecting when
the device has been implanted; measuring stroke vol-
ume; and detecting the opening of heart valves, etc. The
impedance measuring circuit412 is advantageously cou-
pled to the switch 374 so that any desired electrode may
be used.

In the case where pacer/ICD 10 is intended to operate
as an implantable cardioverter/defibrillator (ICD) device,
it detects the occurrence of an arrhythmia, and automat-
ically applies an appropriate electrical shock therapy to
the heart aimed at terminating the detected arrhythmia.
To this end, the microcontroller 360 further controls a
shocking circuit 416 by way of a control signal 418. The
shocking circuit 416 generates shocking pulses of low
(up to 0.5 joules), moderate (0.5 - 10 joules) or high en-
ergy (11to40 joules), as controlled by the microcontroller
360. Such shocking pulses are applied to the heart of the
patient through at least two shocking electrodes, and as
shown in this embodiment, selected from the left atrial
coil electrode 328, the RV coil electrode 336, and/or the
SVC coil electrode 338. The housing 340 may act as an
active electrode in combination with the RV electrode
336, or as part of a split electrical vector using the SVC
coil electrode 338 or the left atrial coil electrode 328 (i.e.,
using the RV electrode as a common electrode). Cardi-
oversion shocks are generally considered to be of low to
moderate energy level (so as to minimize pain felt by the
patient), and/or synchronized with an R-wave and/or per-
taining to the treatment of tachycardia. Defibrillation
shocks are generally of moderate to high energy level
(i.e., corresponding to thresholds in the range of 5-40
joules), delivered asynchronously (since R-waves may
be too disorganized), and pertaining exclusively to the
treatment of fibrillation. Accordingly, the microcontroller
360 is capable of controlling the synchronous or asyn-
chronous delivery of the shocking pulses.
Microcontroller 360 also includes various components
directed to monitoring thoracic fluids and controlling de-
livery/prescription of diuretics. More specifically, for the
purposes of detecting changes in thoracic fluid levels,
the microcontrollerincludes a thoracic impedance detec-
tor 401 and a cardiogenic impedance detector 403. Also
provided is an on-board thoracic/cardiogenic imped-
ance-based thoracic fluid monitor 405 operative to mon-
itor thoracic fluids based on a combination of thoracic
impedance and cardiogenic impedance. Additionally, or
alternatively, an external thoracic/cardiogenic imped-
ance-based thoracic fluid monitor 409 may be provided
within bedside monitor 16 or within other external devic-
es.

In either case, the thoracic fluid monitor controls gener-
ation of diagnostic data and warning signals based on
thoracic and cardiogenic impedance. For on-board im-
plementations, the diagnostic data is stored within mem-
ory 394. Warning signals may be relayed to the patient
via implanted warning device 18 or via bedside monitor
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16. For on-board implementations, the microcontroller
also includes a diuresis/therapy controller 407, which
controls and titrates the delivery of diuretics (or other ap-
propriate therapies) using the techniques described
above. In implementations where there is no on-board
thoracic fluid monitor, titration of diuretics is typically
achieved by instead providing suitable instructions to the
patient or caregiver via the bedside monitor (or other ex-
ternal device).

Depending upon the implementation, the various com-
ponents of the on-board microcontroller may be imple-
mented as separate software modules or the modules
may be combined to permit a single module to perform
multiple functions. In addition, although shown as being
components of the microcontroller, some or all of these
components may be implemented separately from the
microcontroller. Both the thoracic fluid monitor and the
diuresis controller can exploit or comprise expert sys-
tems.

What have been described are various systems and
methods for use with a pacer/ICD. However, principles
ofthe invention may be exploiting using otherimplantable
medical systems. Thus, while the invention has been de-
scribed with reference to particular exemplary embodi-
ments, modifications can be made thereto without de-
parting from the scope of the invention.

Claims

1. A system (8) for monitoring thoracic liquids within
the lungs of a patient, the patient having an implant-
able medical device implanted therein, the system
comprising:

a thoracic impedance detector (401);

a cardiogenic impedance detector (403);

a processor configured to process a cardiogenic
impedance signal to derive a measure of cardiac
contractility; and

a thoracic liquid monitor (405,409) configured to
monitor thoracic liquids in the lungs based on a
combination of thoracic impedance and cardiac
contractility.

2. The system (8) of claim 1 wherein the thoracic liquid
monitor (405,409) is configured to detect trends with-
in the thoracicimpedance and within the cardiac con-
tractility measure.

3. The system (8) of claim 2 wherein the thoracic liquid
monitor (405,409) is configured to detect excess lig-
uids within the lungs based on a decrease in thoracic
impedance combined with a decrease in the cardiac
contractility.

4. The system (8) of claim 2 wherein the thoracic liquid
monitor (405,409) is configured to detect a deficit of
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liquids within the lungs based on an increase in tho-
racic impedance combined with a decrease in the
cardiac contractility.

5. The system (8) of claim 1 wherein the thoracic liquid
monitor (405,409) is configured to detect long-term
trends within thoracic impedance and within cardio-
genic impedance indicative of progression of heart
failure.

6. The system (8) of claim 1 wherein the thoracic im-
pedance detector (401) is adapted to apply imped-
ance detection pulses between one or more of a left
ventricular (LV) coil shocking electrode or a LV pac-
ing electrode and an electrode mounted to a housing
of the implantable medical device.

7. The system (8) of claim 1 wherein the cardiogenic
impedance detector (403) is adapted to apply im-
pedance detection pulses between aright atrial (RA)
electrode and an electrode mounted to a housing of
the implantable medical device to obtain an RA-
housing impedance signal.

8. The system (8) of claim 1 and further comprising a
therapy controller (407) adapted to deliver therapy
to the patient in response to the thoracic liquid level
of the patient.

9. The system (8) of claim 8 wherein the therapy con-
troller (407) is adapted to modify a quantity of diu-
retics delivered to the patient.

10. The system (8) of claim 8 wherein the therapy con-
troller (407) is adapted to modify one or more cardiac
resynchronization therapy (CRT) parameters.

Patentanspriiche

1. System (8) zum Uberwachen von Thoraxfliissigkeit
in den Lungen eines Patienten, wobei in den Pati-
enten eine implantierbare medizinische Vorrichtung
implantiert ist, wobei das System aufweist:

einen Thoraximpedanzdetektor (401);

einen Herzimpedanzdetektor (403);

einen Prozessor, der dazu konfiguriert ist, ein
Herzimpedanzsignal zu verarbeiten, um einen
Grad der Herzkontraktionsfahigkeit abzuleiten;
und

einen Thoraxflissigkeits-Monitor (405, 409),
der dazu konfiguriert ist, Thoraxflissigkeiten in
den Lungen basierend auf einer Kombination
der Thoraximpedanz und der Herzkontraktions-
fahigkeit zu Gberwachen.

2. System (8) nach Anspruch 1, wobei der Thoraxflls-



10.

21 EP 2 163 195 B1 22

sigkeits-Monitor (405, 409) dazu konfiguriert ist,
Tendenzen in der Thoraximpedanz und im Grad der
Herzkontraktionsfahigkeit zu erkennen.

System (8) nach Anspruch 2, wobei der Thoraxfliis-
sigkeits-Monitor (405, 409) dazu konfiguriert ist,
Uberschissige Flissigkeiten in den Lungen basie-
rend auf einem Abfall der Thoraximpedanz in Kom-
bination mit einem Abfall der Herzkontraktionsféahig-
keit zu erkennen.

System (8) nach Anspruch 2, wobei der Thoraxfliis-
sigkeits-Monitor (405, 409) dazu konfiguriert ist, ein
Defizit von Flissigkeiten in den Lungen basierend
auf einem Anstieg der Thoraximpedanz in Kombina-
tion mit einem Abfall der Herzkontraktionsfahigkeit
zu erkennen.

System (8) nach Anspruch 1, wobei der Thoraxfliis-
sigkeits-Monitor (405, 409) dazu konfiguriert ist,
Langzeittendenzen in der Thoraximpedanz und in
der Herzimpedanz zu erkennen, die die Entwicklung
eines Herzversagens anzeigen.

System (8) nach Anspruch 1, wobei der Thoraxim-
pedanzdetektor (401) dazu ausgelegt ist, Impedan-
zerkennungsimpulse zwischen einer oder mehreren
einer linksventrikularen Spulenschockelektrode
oder einer linksventrikularen Schrittmacherelektro-
de und einer Elektrode, die an einem Gehause der
implantierbaren medizinischen Vorrichtung ange-
bracht ist, anzulegen.

System (8) nach Anspruch 1, wobei der Herzimpe-
danzdetektor (403) dazu ausgelegt ist, Impedanzer-
kennungsimpulse zwischen einer Elektrode im rech-
ten Herzvorhof und einer Elektrode, die an einem
Gehause der implantierbaren medizinischen Vor-
richtung angebracht ist, anzulegen, um ein Gehau-
seimpedanzsignal des rechten Vorhofs zu erhalten.

System (8) nach Anspruch 1, das des Weiteren ein
Therapiesteuergerat (407) aufweist, das dazu aus-
gelegtist, in Reaktion auf den Thoraxflissigkeitspe-
gel des Patienten Therapie abzugeben.

System (8) nach Anspruch 8, wobei das Therapie-
steuergerat (407) dazu ausgelegt ist, die an den Pa-
tienten abgegebene Menge von Diuretika zu &ndern.

System (8) nach Anspruch 8, wobei das Therapie-
steuergerat (407) dazu ausgelegt ist, einen oder
mehrere  Herzresynchronisierungstherapie-Para-
meter zu &ndern.
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Revendications

Systéme (8) pour monitorer les liquides thoraciques
dans les poumons d’un patient, le patient ayant un
dispositif meédical implantable implanté, le systeme
comprenant :

un détecteur d’'impédance thoracique (401);
un détecteur d’impédance cardiogénique
(403) ;

un processeur configuré pour traiter un signal
d'impédance cardiogénique pour dériver une
mesure de contractilité cardiaque ; et

un moniteur de liquide thoracique (405, 409)
configuré pour monitorer les liquides thoraci-
ques dans les poumons sur base de la combi-
naison de I'impédance thoracique et la contrac-
tilité cardiaque.

Systéme (8) selon la revendication 1 dans lequel le
moniteur de liquide thoracique (405, 409) est confi-
guré pour détecter les tendances dans I'impédance
thoracique et dans la mesure de la contractilité car-
diaque.

Systéme (8) selon la revendication 2 dans lequel le
moniteur de liquide thoracique (405, 409) est confi-
guré pour détecter des liquides en excés dans les
poumons sur base d’une diminution de 'impédance
thoracique combinée a une diminution de la contrac-
tilité cardiaque.

Systéme (8) selon la revendication 2 dans lequel le
moniteur de liquide thoracique (405, 409) est confi-
guré pour détecter des liquides en déficit dans les
poumons sur base d’'une augmentation de I'impé-
dance thoracique combinée a une diminution de la
contractilité cardiaque.

Systéme (8) selon la revendication 1 dans lequel le
moniteur de liquide thoracique (405, 409) est confi-
guré pour détecter des tendances de long terme
dans l'impédance thoracique et dans I'impédance
cardiogénique indicatives de la progression d'une
insuffisance cardiaque.

Systéme (8) selon la revendication 1 dans lequel le
détecteur d’'impédance thoracique (401) est adapté
pour appliquer des impulsions de détection d'impé-
dance entre au moins une parmi une électrode bo-
bine de choc au ventricule gauche (LV) ou une élec-
trode de stimulation LV et une électrode et une élec-
trode montée sur un boitier du dispositif médical im-
plantable.

Systéme (8) selon la revendication 1 dans lequel le
détecteur d’impédance cardiogénique (403) est
adapté pour appliquer des impulsions de détection
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d’impédance entre une électrode a l'oreillette droite
(RA) et une électrode montée sur un boitier du dis-
positif médical implantable pour obtenir un signal
d’impédance RA-boitier.

Systeme (8) selon la revendication 1 comprenant en
outre un contréleur de thérapie (407) adapté pour
délivrer une thérapie au patient en réponse au ni-
veau de liquide thoracique du patient.

Systeme (8) selon la revendication 8 dans lequel le
contrbleur de thérapie (407) est adapté pour modifier
une quantité de diurétique délivré au patient.

Systeme (8) selon la revendication 8 dans lequel le
contrbleur de thérapie (407) est adapté pour modifier
un ou plusieurs paramétres de thérapie de resyn-
chronisation cardiaque (CRT).
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DELIVERY OF DIURETICS BASED ON

/—- /G 5 EXEMPLARY TECHNIQUE FOR TITRATING
CARDIOGENIC/THORACIC IMPEDANCE

— 200 l 204
CETECT THORACIC DETECT CARDIOGENIC
T BRIy
APPLYING DETECTION PULSES BETWEEN LV-RV
PULSES BETWEEN LV COIL PACING ELECTRODES OR
AND DEVICE HOUSING
HOUSING ELECTRODES
— 206
EVALUATE (1) THE
MAXIMUM TIME RATE OF
CHANGE OF CARDIOGENIC
IMPEDANCE (MAX(dZc/dt))
AND/OR (2) THE PEAK-TO-
PEAK EXCURSION IN Z
— 202 — 208
EVALUATE TRENDS IN EVALUATE TRENDS IN THE
THORACIC IMPEDANCE (Z7) Z—~BASED PARAMETERS
210 : —212
IF THORACIC IMPEDANCE
IS DECREASING WHILE OvERORACIC FLOID, 6
MAX(dZc/dt) OR THE
PEAK-TO-PEAK EXCURSION | TOO WET OR éylgﬁgggolggms
IN Zc IS DECREASING
214 —216
IF THORACIC IMPEDANCE
IS INCREASING WHILE L e
MAX(dZc/dt) OR THE
PEAK-TO—PEAK EXCURSION | TOO DRY OR ggsgm?g?ggcs
IN Zc IS DECREASING

RECORD DIAGNOSTICS; GENERATE WARNINGS IF TRENDS INDICATE THE
THORACIC FLUID LEVELS DEVIATE FROM PREDETERMINED ACCEPTABLE

BOUNDS; IDENTIFY LONG-TERM TRENDS (IF ANY); TRACK PROGRESSION/
REGRESSION OF HEART FAILURE BASED ON LONG-TERM TRENDS
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