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Description

BACKGROUND OF THE INVENTION

[0001] Heart failure is a condition in which a patient’s
heart works less efficiently than it should, a condition in
which the heart fails to supply the body sufficiently with
the oxygen rich blood it requires, either at exercise or at
rest. Congestive heart failure (CHF) is heart failure ac-
companied by a build-up of fluid pressure in the pulmo-
nary blood vessels that drain the lungs. Transudation of
fluid from the pulmonary veins into the pulmonary inter-
stitial spaces, and eventually into the alveolar air spaces,
is called pulmonary edema, and can cause shortness of
breath, hypoxemia, acidosis, respiratory arrest, and
death.

[0002] Itis estimated that about four million people in
the United States suffer from various degrees of heart
failure. Although CHF is a chronic condition, the disease
often requires acute hospital care. Patients are common-
ly admitted for acute pulmonary congestion accompa-
nied by serious or severe shortness of breath. Acute care
for congestive heart failure accounts for the use of more
hospital days than any other cardiac diagnosis, and con-
sumes in excess of seven and one-half billion dollars in
the United States annually.

[0003] Itis far more cost effective, and much better for
the patient’s health, if chronic CHF can be managed and
controlled by the routine administration of appropriate
drug therapy rather than by hospital treatment upon the
manifestation of acute symptoms. Patients with chronic
CHEF are typically placed on triple or quadruple drug ther-
apy to manage the disease. The drug regimen commonly
includes diuretics, vasodilators such as ACE inhibitors
or A2 receptor inhibitors, and inotropic agents usually in
the form of cardiac glycosides such as Digoxin. Patients
may also be placed on beta blockers such as Carvedilol.
[0004] As with all drugs, these agents must be taken
in doses sufficient to ensure their effectiveness. Prob-
lematically, however, over-treatment can lead to hypo-
tension, renal impairment, hyponatremia, hypokalemia,
worsening CHF, impaired mental functioning, and other
adverse conditions. Adding to the challenge of maintain-
ing proper drug dosage is the fact that the optimal dosage
will depend on diet, particularly salt and fluid intake, level
of exertion, and other variable factors. Adding further to
the problem of managing this condition is the fact that
patients frequently miss scheduled doses by forgetting
to take pills on time, running out of medications, or de-
ciding to stop medications without consulting their phy-
sician. It is important, therefore, that the patient’s condi-
tion be monitored regularly and thoroughly, so that opti-
mal or near optimal drug therapy can be maintained. This
monitoring is itself problematic, however, in that it re-
quires frequent visits with a caregiver, resulting in con-
siderable inconvenience and expense.

[0005] EP 0472411 describes an implanted program-
mable ambulatory electrocardiography patient monitor-
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ing device that senses and analyzes electrocardiograph-
ic signals from at least one subcutaneous precordial sen-
sor chronically and frequently to detect electrocardio-
gram and physiological signal characteristics predictive
of malignant cardiac arrhythmias. The device includes
telemetric capabilities to communicate a warning signal
to an external device when such arrhythmias are predict-
ed.

[0006] US 5,163,429 describes a system for treating
a malfunctioning heart based on hemodynamics, the
pressure at a site in a patient’s circulatory system being
sensed. A signal is developed representative of short
term mean arterial pressure (MAP), mean right atrial
pressure (MRAP), mean right ventricle pressure
(MRVP), mean left atrial pressure (MLAP), mean left ven-
tricle pressure (MLVP), mean central venous pressure
(MCVP), mean pulmonary artery pressure (MPAP),
mean pulmonary vein pressure (MPVP), mean pulmo-
nary capillary wedge pressure (MPCWP), right ventricu-
lar systolic pressure (RVSP), right ventricular end diasto-
lic pressure (RVEDP), or right ventricular pulse pressure
(RVPP).

[0007] It would be highly advantageous, therefore, if
methods and apparatus could be devised by which a pa-
tient’s congestive heart failure could be monitored rou-
tinely or continuously with minimal attendance by a car-
egiver, and then only when actually required. It would be
further advantageous if such methods and apparatus in-
cluded means for communicating diagnostic information
not only to the physician but to the patient himself so that
the patient could continue or modify his own drug therapy
appropriately and generally without the direct interven-
tion of a physician. The present invention provides these
very advantages, along with others that will be further
understood and appreciated by reference to the written
disclosure, figures, and claims included in this document.

SUMMARY OF THE INVENTION

[0008] Aspects of the invention are defined in the ac-
companying claims.

[0009] Anembodiment of theinvention can provide im-
proved apparatus for treating congestive heart failure in
a medical patient. The apparatus can include a pressure
transducer permanently implantable within the left atrium
of the patient’s heart and operable to generate signals
indicative of fluid pressures within the patient’s left atrium.
The pressure transducer can be connected in turn to sig-
nal processing apparatus, which can include digital cir-
cuitry for processing electrical signals. The signal
processing apparatus can process the electrical signals
from the pressure transducer and, based at least in part
on those signals, can generate a signal that indicates a
desired therapeutic treatment for treating the patient’s
condition. That signal can then be communicated to the
patient via a patient signalling device, following which the
patient can administer to him or herself the prescribed
therapeutic treatment indicated by the signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The structure and operation of the invention will
be better understood with the following detailed descrip-
tion of preferred embodiments of the invention, along with
the accompanying illustrations, in which:

Figure 1 depicts apparatus suitable for practicing the
invention;

Figure 2 is a schematic sectional view of a patient’s
heart showing a part of the apparatus of the invention
positioned therein;

Figure 3 depicts a method for anchoring within the
patient’s heart a flexible electrical lead that compris-
es a part of the apparatus for practicing the invention;
Figure 4 shows an alternative method for anchoring
a lead within the heart, including a helical screw for
advancement into the patient’s atrial septum;
Figure 5 shows the apparatus depicted in Figure 4,
with a pressure sensing transducer in place in the
patient’s left atrium;

Figure 6 depicts a flexible lead including deployable
anchors carried inside a removable sheath and
placed through the atrial septum;

Figure 7 shows the flexible lead of Figure 6 with the
sheath withdrawn to deploy the anchors on opposite
sides of the atrial septum;

Figure 8 shows the flexible lead of Figures 6 and 7.
with a pressure sensing transducer in place inside
the patient’s left atrium; and

Figure 9 is a schematic diagram depicting digital cir-
cuitry suitable for use in the invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0011] The invention provides a system for continu-
ously or routinely monitoring the condition of a patient
suffering from chronic congestive heart failure (CHF). As
will be described in detail below, a system incorporating
the invention monitors the patient’s left atrial pressure,
and, depending upon the magnitude of or changes in this
pressure, the system communicates a signal to the pa-
tient indicative of a particular course of therapy appropri-
ate to manage or correct, as much as possible, the pa-
tient’s chronic condition.

[0012] Elevated pressure within the left atrium of the
heart is the precursor of fluid accumulation in the lungs
which is symptomatic of acute CHF. Mean left atrial pres-
sure in healthy individuals is normally less than about
twelve millimeters of mercury (mm Hg). Patients with
CHF that have been medically treated and clinically "well
compensated" may generally have mean left atrial pres-
sures in the range from fifteen to twenty mm Hg. Tran-
sudation of fluid into the pulmonary interstitial spaces can
be expected to occur when the left atrial pressure is
above about twenty-five mm Hg, or at somewhat more
than about thirty mm Hg in some patients with chronic
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CHF. Pulmonary edema has been found to be very reli-
ably predicted by reference to left atrial pressures, and
much less well correlated with conditions in any other
chamber of the heart. Thus, the apparatus of the inven-
tion is expected to prove very useful in treating and pre-
venting pulmonary edema and other adverse conditions
associated with CHF.

[0013] A system according to the invention includes a
pressure sensor that is implanted within the patient and
positioned to measure pressures within the patient’s left
atrium. Signals from the pressure sensor are monitored
continuously or at appropriate intervals. Physician-pro-
grammed coded communications are then transmitted
to the patient corresponding to appropriate drug thera-
pies that the patient may in most cases administer to him
or herself without further diagnostic intervention from a
physician.

[0014] Apparatus 5 for practicing the invention is de-
picted in Figure 1. The apparatus comprises a housing
7 and a flexible, electrically conductive lead 10. The lead
is electrically connectable to the housing through a con-
nector 12 on the exterior of the housing. The housing is
outwardly similar to the housing of an implantable elec-
tronic defibrillator system. Defibrillator and pacemaker
systems are implanted routinely in medical patients for
the detection and control of tachy- and bradyarrythmias.
[0015] The flexible lead 10 is also generally similar to
leads used in defibrillator and pacemaker systems, ex-
cept that a compact pressure transducer 15 is disposed
at the distal end 17 of the lead, opposite the connector
12 on the housing 7. The pressure transducer measures
fluid pressure in itsimmediate vicinity. An electrical signal
or another form of signal indicative of this pressure is
then transmitted along the lead through the connector
and from there to circuitry inside the housing.

[0016] The left atrium can be accessed from the right
atrium through the atrial septum separating the right and
left atria. The flexible lead 10 and pressure transducer
15 will be anchored to the atrial septum. This placement
can be achieved using vascular access techniques that
are well-known to those familiar with the performance of
invasive cardiovascular procedures, and in particular to
interventional cardiologists and cardiovascular sur-
geons. These procedures are commonly performed with
the aid of visualization techniques including standard
fluoroscopy, cardiac ultrasound, or other appropriate vis-
ualization techniques used alone or in combination.
[0017] Access to the central venous circulation may
be achieved by us of the standard Seldinger technique
through the left or right subclavian vein, the right or left
internal jugular vein, or the right or left cephalic vein. Al-
ternatively, access may be made via the Seldinger tech-
nique into the right femoral vein. In either case, a Brock-
enbrough catheter and needle are used to pierce the atri-
al septum for access to the left atrium.

[0018] Figure 2 provides a schematic sectional view
of the patient’s heart and shows the apparatus used to
access the left atrium. Figure 2 depicts an access as-
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sembly 18 comprising a Brockenbrough catheter 20 in-
side a peel-away sheath 22, with a flexible guidewire 25
residing within the Brockenbrough catheter. As Figure 2
indicates, the access assembly has been placed through
the superior vena cava 28 into the right atrium 30 of the
heart 33. Figure 2 shows as well the inferior vena cava
35, the left atrium 36, the right ventricle 37, the left ven-
tricle 40, the atrial septum 41 that divides the two atria,
and the valves 42 between the right atrium and right ven-
tricle, and the left atrium and left ventricle. The reader
will appreciate that the view of Figure 2 is simplified and
somewhat schematic, but that nevertheless Figure 2 and
the other views included herein will suffice to illustrate
adequately the placement and operation of the present
invention.

[0019] Withthe access assembly 18 in place within the
right atrium 30, the Brockenbrough catheter 20 is used
to pierce the atrial septum 41 by extending the Brocken-
brough needle (not shown) through the atrial septum into
the left atrium 36. In the figures, the atrial septum has
been pierced by the needle, the catheter 20 advanced
over the needle, and the needle withdrawn from the cath-
eter leaving the catheter in place inside the left atrium.
Optionally, a guidewire may be advanced through the
needle into the left atrium before or after advancing the
catheter, or it may be placed into the left atrium through
the catheter alone after the needle has been withdrawn.
[0020] As indicated by the arrows 45 in Figure 2, the
peel-away sheath 22 may extend into the left atrium, or
it may remain on the near side of the atrial septum within
the right atrium 30. Figure 2 shows the guidewire 25 ex-
tended from the end of the Brockenbrough catheter to
secure continuous access into the left atrium. As depicted
therein, the guidewire has a curled, "pig-tail" style distal
tip 48 to better secure the guidewire within the left atrium
and to safeguard against inadvertent withdrawal through
the atrial septum. Once the guidewire is in place in the
left atrium, the Brockenbrough catheter is withdrawn so
that the flexible lead 10 (see Figure 3) may be placed
through the peel-away sheath 22.

[0021] The reader may appreciate that the configura-
tion shown in Figure 2 is one that results from an ap-
proach from the superior venous circulation through the
superior vena cava. If the approach is made from the
inferior venous circulation through an entry into the right
femoral vein, access into the right atrium 30 will be made
via the inferior vena cava 35.

[0022] Ifthe approach is made from the inferior venous
circulation, an additional procedure is required to transfer
the proximal end of the guidewire to the superior venous
circulation after its distal end has been placed into the
left atrium. This must be done to allow the sensor and its
lead to be inserted over the guidewire from a superior
vein into the left atrium. One method for transferring the
proximal end of the guidewire from an inferior to a supe-
rior vein is to use a guidewire that has a preformed bend
somewhere along its central body. After the atrial septum
41 is penetrated and the distal tip of the guidewire placed
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in the left atrium 36, the Brockenbrough catheter and
sheath are withdrawn to a point just proximal of the
guidewire bend. Then, with care being used to maintain
the distal tip of the guidewire in place in the left atrium,
the needle and sheath are used to push the central body
of the guidewire into the superior venous circulation. A
guidewire hook (not shown) may then be used to retrieve
the guidewire body through an access sheath placed into
the superior venous system so that the proximal end of
the guidewire extends out of the patient through the pa-
tient’s superior venous circulation.

[0023] Either approach described above results in the
placement of a guidewire with its distal tip in the left atrium
36 and extending (in the proximal direction) through the
atrial septum 41, the right atrium 30, the superior vena
cava 28, and out of the patient’s body through a superior
venous access site. These approaches are generally
conventional and widely known in the medical arts. While
neither is a trivial procedure, they are both well within the
capabilities of a skilled interventional cardiologist, radi-
ologist, vascular or cardiac surgeon, or a similarly skilled
medical practitioner.

[0024] With the guidewire 25 securely in place with its
distal tip 48 inside the left atrium 36, the flexible lead 10
may be advanced into the left atrium. The flexible lead
might itself include a central lumen configured to receive
the proximal end of the guidewire, thereby allowing the
flexible lead to be advanced down the guidewire toward
the left atrium. More commonly, an exchange catheter,
which may be in the form of a peel-away sheath 22, will
be advanced down the guidewire and placed into the left
atrium, after which the flexible lead will be advanced
down the exchange catheter and into position. Once the
pressure transducer of the flexible lead is positioned with-
in the left atrium, the lead should be anchored in place
to ensure that the pressure transducer stays reliably and
permanently in the desired location.

[0025] One method for anchoring the flexible lead 10
in place is depicted in Figure 3, which is like Figure 2 a
somewhat schematic depiction of some of the major
structures of the heart. Figure 3 shows the four pulmonary
veins 50 that connect to the left atrium 36. In the particular
apparatus depicted in Figure 3, the flexible lead 10 in-
cludes a pressure transducer 15 located on the body of
the lead a short distance proximal of the distal end 17 of
the lead.

[0026] As Figure 3 indicates, the distal end 17 of the
flexible lead 10 in this embodiment can be bent by the
operator in much the same way as a distal tip such as
might be found on a steerable angioplasty guidewire or
another similar device. This feature assists the operator
in steering the flexible lead into a selected one of the
pulmonary veins 50, with the pressure transducer 15 dis-
posed within the interior space of the left atrium 36, or
even within the pulmonary vein itself. Placement of the
pressure transducer within the pulmonary vein is effec-
tive because pressures within the pulmonary vein are
very close to pressures within the left atrium. It will be
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appreciated by those skilled in the art that visualization
markers (not shown) may be provided at appropriate lo-
cations on the flexible lead to assist the operator in plac-
ing the device as desired. With the flexible lead in place
as shown, the body’s own natural healing mechanism
will permanently anchor the flexible lead in place both at
the penetration site through the atrial septum 41, and
where the flexible lead contacts the interior surface of
the pulmonary vein in which the tip of the lead resides.
The pressure transducer might also be placed at loca-
tions such as the left atrial appendage or the left ven-
tricular cavity, regions in which pressures are nearly the
same as pressures in the left atrium.

[0027] Figures 4 and 5 show alternative means for an-
choring the pressure transducer in a location appropriate
for measuring pressures within the left atrium 36. The
lead in this embodiment includes a helical screw thread
for anchoring the lead to the atrial septum 41. Similar
configurations are used in some leads for pacemakers
and thus may be familiar to those skilled in the art.
[0028] Referring now specifically to Figure 4, the
guidewire 25 is shown positioned across the atrial sep-
tum 41 between the left atrium 36 and the right atrium
30. A first lead component 53 is delivered over the
guidewire through an appropriate guiding catheter 55 or
sheath. Thisfirstlead componentincludes ahelical screw
57 on its exterior surface. The helical screw is advanced
into the tissue of the atrial septum by applying torque to
the shaft of the first lead component. The helical screw
could also be coupled to a hollow or solid cylindrical man-
drel (not shown), or to a spirally wound mandrel (also not
shown) disposed along substantially the entire length of
the first lead component. When the helical screw has
been turned and advanced sufficiently into the atrial sep-
tum, the guidewire and guiding catheter may then be with-
drawn leaving the firstlead component anchored secure-
ly in place.

[0029] With the guidewire having been removed, a
second lead component 60 is advanced as shown in Fig-
ure 5 through the central lumen of the first lead compo-
nent 53. The first and second lead components are sized
and configured so that when the second lead component
is fully advanced with respect to the first lead component,
a left atrial pressure transducer 62 at the end of the sec-
ond lead component protrudes by an appropriate prede-
termined amount into the left atrium 36. The second lead
component is then securely fixed with respect to the first
lead component.

[0030] It should be noted that the embodiment depict-
ed in Figures 4 and 5 includes a second pressure trans-
ducer 65 on the exterior of the first lead component 53
and exposed to pressure within the right atrium 30. This
illustrates in a simplified way a general principle of the
invention, in which a pressure transducer is used to
measure fluid pressure within the left atrium, but in which
one or more additional transducers or sensors may also
be used to detect a physiologic condition other than left
atrial pressure. These physiologic conditions may in-
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clude pressures in locations other than the left atrium 36,
and physical parameters other than pressure, either with-
in the left atrium or at other locations.

[0031] Figures 6, 7, and 8 show another embodiment
of a flexible lead 10 suitable for use with the invention,
in which folding spring-like fins or anchors deploy to an-
chor the lead in place in the atrial septum 41. Referring
specifically to Figure 6, a first lead component 53 is ad-
vanced through a sheath 67, the sheath having been
advanced across the atrial septum. In this embodiment,
the first lead component includes folding distal anchors
68 and proximal anchors 70, which lie folded and are
held in place inside the interior lumen of the sheath. When
the first lead component and sheath are properly posi-
tioned, which will generally involve the use of fluoroscopy
or an alternative technique forimaging, the operator may
carefully withdraw the sheath from around the first lead
component. As the distal and proximal anchors exit the
sheath, they deploy themselves (as depicted in Figure
7) on either side of the atrial septum, thereby anchoring
the first lead component securely in place. Similar an-
chors are sometimes used with leads for pacemakers
and other medical devices where permanent anchoring
is desired, and the operation of these anchors will thus
be not entirely unfamiliar to the knowledgeable reader.
[0032] Referring now to Figure 8, a second lead com-
ponent 60 is advanced through a central lumen of the
first lead component 53 after the guidewire 25 (see Fig-
ures 6 and 7) and sheath 67 are removed. As in the pre-
vious embodiment, a left atrial pressure transducer 62 is
carried at the distal end of the second lead component.
Again, the first and second lead components are sized
and configured with respect to one another so that the
left atrial pressure transducer protrudes from the first lead
component an appropriate amount into the left atrium 36.
Also as in the previous embodiment, a second pressure
transducer 65 on the exterior of the first lead component
allows for the measurement and transmittal of pressure
within the right atrium 37.

[0033] Alternative systems and methods have been
described for anchoring a flexible lead with a pressure
transducer disposed to measure pressure within the pa-
tient’s left atrium. Other anchoring methods may be de-
vised by those skilled in the relevant arts without depart-
ing in any way from the principles of the invention. More-
over, approaches have been described by which the lead
is positioned between the left atrium and an exit site from
the patient’s superior venous circulation. Alternate lead
routes and exit sites may find use as well.

[0034] Referring back to Figure 1, an exit from the su-
perior venous system is advantageous because, with the
flexible lead 10 connected to the housing 7 via the con-
nector 12, the housing may be surgically implanted into
the patient’s body, typically in a subcutaneous pocket,
which may be formed, e.g., in the shoulder area in prox-
imity to the patient’s clavicle, in a manner quite similar to
that routinely performed to implant pacemakers and im-
plantable cardiac defibrillators. The device described
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herein may thus be implanted and operational within the
patient’s body for extended periods.

[0035] Coaxial lead configurations as described, in
which a central lead portion carrying a sensor is inserted
in an outer lead portion carrying anchoring apparatus af-
ter the anchoring apparatus is deployed, are advanta-
geous for a number of reasons. First, the lead portion
carrying the anchoring apparatus is advanced to the tar-
get site over a guidewire, which remains in place until
the anchoring apparatus is securely deployed. If difficulty
is encountered in deploying the anchoring apparatus, the
outer lead portion may be repositioned or even replaced
with a different outer lead portion, without removing the
guidewire from its position. Secure access to the target
site may thereby be maintained throughout the proce-
dure.

[0036] This configuration has a further advantage in
that the second, inner lead component may be conven-
iently replaced through the first, outer lead component in
the event that the second lead component fails. Moreo-
ver, the inner lead component carrying the sensor may
even be replaced, even at a much later time, if, for ex-
ample, a new and more advanced sensor becomes avail-
able through further development.

[0037] As will be described in more detail below, the
system includes circuitry and signaling means that will
require power from a compact battery located inside the
housing. Those skilled in the art will appreciate that the
device may thus require periodic explantation so the bat-
tery may be refreshed, or more usually so that the entire
unit comprising the housing, the battery, and the internal
circuitry can be replaced with a new unit. Nevertheless,
it should be possible to leave the device in place inside
the patient’s body for extended periods comparable to
those experienced in connection with pacemakers and
implantable defibrillators, and implantation for such ex-
tended periods is described in this document as being
substantially "permanent.”

[0038] The function and operation of the apparatus
housed inside the housing will now be described. Figure
9 is a schematic diagram of operational circuitry located
inside the housing 7 and suitable for use with the inven-
tion. The apparatus depicted in Figure 9 includes digital
processors, but the same concept could also be imple-
mented with analog circuitry.

[0039] Asdescribed above, the system of the invention
includes a pressure transducer 73 permanently implant-
ed to monitor fluid pressure within the left atrium of the
patient’s heart. The system may, moreover, include one
or more additional sensors 75 configured to monitor pres-
sure at a location outside the left atrium, or a different
physical parameter inside the left atrium or elsewhere.
For each sensor, a sensor lead 77 and 80 conveys sig-
nals from the sensor to a monitoring unit 82 disposed
inside the housing of the unit. It should also be noted that
the sensor lead connecting the pressure transducer to
the monitoring apparatus might also be combined with
or run parallel to another lead such as an electrical EKG
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sensor lead or a cardiac pacing lead, either of which might
be placed in or near the left atrium.

[0040] When the signal from the left atrial pressure
transducer 73 enters the monitoring unit 82, the signal is
first passed through a low-pass filter 85 to smooth the
signal and reduce noise. The signal is then transmitted
to an analog-to-digital converter 88, which transforms the
signals into a stream of digital data values, which are in
turn stored in digital memory 90. From the memory, the
data values are transmitted to a data bus 92, along which
they are transmitted to other components of the circuitry
to be processed and archived. An additional filter 95, an-
alog-to-digital converter 97, and digital memory area 100
may be provided as shown for each optional sensor 75
whenever such a sensor is present.

[0041] From the databus 92, the digital data are stored
in a non-volatile data archive memory area 103. This ar-
chive stores the data for later retrieval, for example, by
a physician at the patient’s next regularly scheduled of-
fice visit. The data may be retrieved, for example, by tran-
scutaneous telemetry through a transceiver 105 incor-
porated into the unit. The same transceiver may serve
as a route for transmission of signals into the unit, for
example, for reprogramming the unit without explanting
it from the patient. The physician may thereby develop,
adjust, or refine operation of the unit, for example, as
new therapies are developed or depending on the history
and condition of any individual patient. Means for trans-
cutaneous signal transmission are known in the art in
connection with pacemakers and implantable cardiac de-
fibrillators, and the transceiver used in the present inven-
tion may be generally similar to such known apparatus.
[0042] The digital data indicative of the pressure de-
tected in the left atrium, as well as data corresponding
to the other conditions detected by other sensors, where
such are included, are transferred via the data bus 92
into a central processing unit 107, which processes the
data based in part on algorithms and other data stored
in non-volatile program memory 110. The central
processing unit then, based on the data and the results
of the processing, sends an appropriate command to a
patient signaling device 113, which sends a signal un-
derstandable by the patient and based upon which the
patient may take appropriate action such as maintaining
or changing the patient’s drug regimen or contacting his
or her physician.

[0043] The patient signaling device 113 may be a me-
chanical vibrator housed inside the housing of the sys-
tem, a device for delivering a small, harmless, but readily
noticeable electrical shock to the patient, or in some em-
bodiments, alow power transmitter configured to transmit
information transcutaneously to a remote receiver, which
would include a display screen or other means for com-
municating instructions to the patient. The system may
also include apparatus, e.g., cellular or land-line tele-
phone equipment or a device connected to the Internet,
for communicating information back to a base location.
This could be used, for example, to transmit information
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concerning the patient’s condition back to a hospital or
doctor’s office, or to transmit information concerning the
patient’s prescription usage back to a pharmacy.
[0044] The circuitry of the invention may also include
a power management module 115 configured to power
down certain components of the system, e.g., the analog-
to-digital converters 88 and 97, digital memories 90 and
100, and the central processing unit 107, between times
when those components are in use. This helps to con-
serve battery power and thereby extend the useful life of
the device so that it can remain operational inside the
patient'’s body for extended periods between mainte-
nance or replacement. Other circuitry and signaling
modes may be devised by one skilled in the art.

[0045] Exemplary modes of operation for the system
of the invention will now be described. The system may
be programmed, for example, to power up once per hour
to measure the left atrial pressure and other conditions
as dictated by the configuration of the particular system
and any other sensors that might be present. Left atrial
pressure measurements are taken at a twenty hertz sam-
pling rate for sixty seconds, yielding 1200 data values
reflective of the fluid pressure within the left atrium. The
central processing unitthen computes the mean left atrial
pressure based on the stored values. Then, if the mean
pressure is above a threshold value predetermined by
the patient’s physician, the central processing unit caus-
es an appropriate communication to be sent to the patient
via the patient signaling device.

[0046] A set of coded communications to the patient
can be devised by the treating physician and encoded
into the device either at the time of implantation or after
implantation by transcutaneous programing using data
transmission into the non-volatile program memory 110
via the transceiver 105. For example, assume that the
physician has determined that a particular patient’s mean
left atrial pressure can be controlled at between 15 and
20 mm Hg under optimal drug therapy. This optimal drug
therapy might have been found to comprise a drug reg-
imen including 5 milligrams (mg) of Lisinopril, 40 mg of
Lasix, 20 milliequivalents (mEq) of potassium chloride,
0.25 mg of Digoxin, and 25 milligrams of Carvedilol, all
taken once per twenty-four hour day.

[0047] The patientis implanted with the device and the
device is programmed as follows. Assume that the device
includes a single pressure transducer 73 (see Figure 9)
implanted across the atrial septum inside the patient’s
left atrium, that the device’s programming provides for
four possible "alert levels" that are specified according
to mean left atrial pressures detected by the transducer
and computed in the central processing unit 107, and
that the patient signaling device 113 is a mechanical vi-
brator capable of producing pulsed vibrations readily dis-
cernable by the patient.

[0048] At predetermined intervals, perhaps hourly, the
device measures the patient’'s mean left arterial pressure
as described above, and determines the appropriate alert
level for communication to the patient according to pro-
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gramming specified by the physician. For example, a
mean left atrial pressure of less than 15 mm Hg could be
indicative of some degree of over-medication and would
correspond to alertlevel one. A pressure between 15 and
20 mm Hg would indicate optimal therapy and corre-
spond to alert level two. A pressure between 20 and 30
mm Hg would indicate mild under-treatment or mild wors-
ening in the patient’s condition, and would correspond to
alertlevel three. Finally, a mean left atrial pressure above
30 mm Hg would indicate a severe worsening in the pa-
tient’s condition, and would correspond to alert level four.
[0049] When the proper alert level is determined, the
device sends a two-second vibration pulse to notify the
patient that the device is about to communicate an alert
level through a sequence of further vibrations. A few sec-
onds later, a sequence of one to four relatively short (one
second) vibratory pulses, the number corresponding to
the applicable alert level, are made by the device and felt
by the patient. The patient can easily count the pulses to
determine the alert level, then continue or modify his own
therapy with reference to a chart or other instructions
prepared for him by the physician.

[0050] For example, two pulses would correspond to
alert level two, an optimal or near optimal condition for
that particular patient. In that case, the doctor’s instruc-
tions would tell the patient to continue his or her therapy
exactly as before. The signal for alert level two would be
given once every 24 hours, at a fixed time each day. This
would serve mainly to reassure the patient that the device
is working and all is well with his therapy, and to encour-
age the patient to keep taking the medication on a regular
schedule.

[0051] One pulse, in contrast, would correspond to
alert level one, and most likely some degree of recent
over-medication. The doctor’s orders would then notify
the patient to reduce or omit certain parts of his therapy
untilthe return of alert level two. For example, the doctor’s
instructions might tell the patient temporarily to stop tak-
ing Lasix, and to halve the dosage ofLisinopril to 2.5 mg
per day. The coded signal would be given to the patient
once every twelve hours until the return of the alert level
two condition.

[0052] Three pulses would indicate alert level three, a
condition of mild worsening in the patient’s condition. Ac-
cordingly, the doctor’s instructions would notify the pa-
tient to increase the diuretic components of his therapy
until alert level two returned. For example, the patient
might be instructed to add to his to his normal doses an
additional 80 mg of Lasix, twice daily, and 30 mEq of
potassium chloride, also twice daily. The level three alert
signal would be given every four hours until the patient’s
condition returned to alert level two.

[0053] Four pulses would indicate alert level four, in-
dicating a serious deterioration in the patient’s condition.
In this case, the patient would be instructed contact his
physician and to increase his doses of diuretics, add a
venodilator, and discontinue the beta-blocker. For exam-
ple, the patient might be instructed to add to his therapy
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an additional 80 mg of Lasix, twice daily, an additional
30 mEq of potassium chloride, twice daily, 60 mg of Im-
dur, twice daily, and to stop taking the beta-blocker,
Carvedilol. The signal corresponding to alert level four
would be given every two hours, or until the physician
was able to intervene directly.

[0054] Apparatus as described herein may also be
useful in helping patients comply with their medication
schedule. In that case, the patient signaling device would
be programed to signal the patient each time the patient
is to take medication, e.g., four times daily. This might
be done via an audio or vibratory signal as described
above. In versions of the apparatus where the patient
signaling device includes apparatus for transmitting mes-
sages to a hand held device, tabletop display, or another
remote device, written or visual instructions could be pro-
vided. Apparatus could also be devised to generate spo-
ken instructions, for example, synthesized speech or the
actual recorded voice of the physician, to instruct the pa-
tient regarding exactly what medication is to be taken
and when.

[0055] Where the system includes apparatus for com-
municating information back to a base location, e.g., the
hospital, doctor’s office, or a pharmacy, the system could
be readily adapted to track the doses remaining in each
prescription and to reorder automatically as the remain-
ing supply of any particular drug becomes low.

[0056] Advanced embodiments and further refine-
ments of the invention may incorporate sensors in addi-
tion to the left atrial pressure sensor. This gives rise to
the possibility of further refined diagnostic modes capa-
ble of distinguishing between different potential causes
of worsening CHF, and then of signaling an appropriate
therapeutic treatment depending upon the particular
cause for any particular occurrence.

[0057] For example, increased left atrial pressure is
commonly caused by improper administration of medi-
cation, patient non-compliance, or dietary indiscretion,
e.g., salt binging. These causes will be generally well-
handled by changes in the patient’s drug regimen like
those described above.

[0058] There are other causes of increased left atrial
pressures that are less common, but by no means rare,
and which require different therapies for adequate treat-
ment. For example, one such potential cause is cardiac
arrhythmia, and especially atrial fibrillation with a rapid
ventricular response. Other arrythmias may contribute
as well to worsening heart failure. A system including an
ECGelectrode in addition to the left atrial pressure sensor
would allow the system to diagnose arrythmias and de-
termine whether the arrhythmia preceded or came after
the increase in left atrial pressure. Depending on the
unit’s programming, as specified by the patient’s physi-
cian, specific therapies could be signaled tailored to treat
the specific causes and conditions associated with par-
ticular adverse events.

[0059] Although the pressure transducer in the pre-
ferred embodiment produces an electrical signal indica-
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tive of pressures in its vicinity and, accordingly, an elec-
trical lead is used to transmit the signals to the electronic
circuitry, other types of pressure transducers may find
use as well. For example, the pressure transducer and
lead might comprise a tube filled with an incompressible
fluid leading from the left atrium back to a transducer in
the housing or at another location. Signals in the form of
pressures in the incompressible fluid would then indicate
pressures in the left atrium and those pressures would
in turn be sensed by the transducer and utilized by the
electronic circuitry in generating signals indicative of ap-
propriate therapeutic treatments. Signals in other forms
may be used as well and may be transmitted, for exam-
ple, by fiber optic means, or by any other suitable elec-
trical, electromechanical, mechanical, chemical, or other
mode of signal transmission

[0060] Moreover, although the signal lead in the pre-
ferred embodiment is of an appropriate length so that the
housing containing the electronic circuitry can be implant-
ed in the region of the patient’s shoulder, the lead may
in alternative embodiments be of virtually any useful
length, including zero. It may be that an integrated unit
might be used in which the pressure transducer is dis-
posed directly on the housing and the entire device im-
planted inside or very near to the left atrium of the pa-
tient’s heart.

Claims

1. Apparatus for selecting treatment for congestive
heart failure in a medical patient, the apparatus com-
prising:

an implantable pressure transducer operable to
generate a signal indicate of fluid pressure within
the left atrium;

signal processing apparatus operable to gener-
ate a signal indicative of an appropriate thera-
peutic treatment based at least in part on the
signal generated by the pressure transducer;

a patient signaling device operable to commu-
nicate the signal indicative of the appropriate
therapeutic treatment to the patient; and
apparatus configured to anchor the pressure
transducer to the patient’s atrial septum.

2. The apparatus of claim 1, further comprising an im-
plantable flexible lead providing a signal connection
between the pressure transducer and the signal
processing apparatus.

3. The apparatus of claim 1, wherein the signal
processing apparatus is at least partially contained
within a housing, the housing configured for implan-
tation within the patient’s body.

4. The apparatus of claim 3, wherein the housing is
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configured for permanent implantation within the pa-
tient’s body.

The apparatus of claim 2, wherein the apparatus
configured to anchor the pressure transducer to the
patient’s atrial septum is on the lead.

The apparatus of claim 5, wherein the apparatus on
the lead configured to anchor the pressure transduc-
er to the patient’s atrial septum comprises a helical
screw configured for advancement into and fixation
within the atrial septum.

The apparatus of claim 5, wherein the apparatus on
the lead configured to anchor the pressure transduc-
er to the patient’s atrial septum comprises at least
one anchor deployable by spring force upon the with-
drawal of a removable sheath to expose the anchor.

The apparatus of claim 2, wherein the pressure
transducer is located on the lead a predetermined
distance away from a distal tip of the lead, wherein
the distance is predetermined so that the pressure
transducer will be positioned within the patient’s left
atrium when the distal tip is positioned within a pul-
monary vein connected to the patient’s left atrium.

The apparatus of claim 2, wherein the lead compris-
es afirst lead component carrying apparatus config-
ured to anchor the first lead component to the pa-
tient’s atrial septum and a second lead component
carrying the pressure transducer, wherein the sec-
ond lead component is implantable into the patient
and fixable to the first lead component after the first
lead component is implanted within the patient.

The apparatus of claim 1, further comprising a sec-
ond sensor in addition to the pressure transducer,
the second sensor operable to generate a second
signal indicative of a second condition within the
body of the patient, wherein the signal processing
apparatus is operable to generate a signal indicative
of an appropriate therapeutic treatment based at
least in part on the second signal generated by the
second sensor.

The apparatus of claim 10, wherein the second sen-
sor is a second pressure transducer.

The apparatus of claim 10, wherein the second sen-
sor is an ECG electrode.

The apparatus of claim 10, wherein the second sen-
sor is configured for implantation in the patient’s right
atrium.

The apparatus of claim 10, wherein the second sen-
sor is configured for implantation in a location inside
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the patient’s body outside the atria.

The apparatus of claim 1, wherein the signal
processing apparatus includes an analog-to-digital
converter operable to convert analog signals from
the pressure transducer to digital data reflective of
the fluid pressure within the left atrium.

The apparatus of claim 1, wherein the signal
processing apparatus includes digital memory for
storing data reflective of pressures within the left atri-
um.

The apparatus of claim 1, wherein the signal
processing apparatus is operable to receive modi-
fied programming with the signal processing appa-
ratus implanted within the patient’s body.

The apparatus of claim 16, further comprising appa-
ratus configured to retrieve the data reflective of
pressures within the left atrium from the digital mem-

ory.

The apparatus of claim 18, wherein the data retrieval
apparatus includes a transceiver operable to trans-
mit the data through the patient’s skin.

The apparatus of claim 1. wherein the patient sign-
aling device includes a mechanical vibrator operable
to produce a vibration perceptible by the patient.

The apparatus of claim 1, wherein the patient sign-
aling device includes apparatus configured to pro-
duce an electrical shock perceptible by the patient.

The apparatus of claim 1, wherein the patient sign-
aling device includes a transmitter operable to send
information to a remote receiver.

The apparatus of claim 1, wherein the signal
processing apparatus includes power management
circuitry operable to deny power to at least some
portions of the signal processing apparatus during
periods of relative inactivity between periods of de-
vice operation.

The apparatus of claim 1, wherein the signal
processing apparatus includes apparatus operable
to compute mean left atrial pressures based on mul-
tiple individual signals generated by the pressure
transducer.

The apparatus of claim 1, wherein the patient sign-
aling device is operable to generate at least two dis-
tinct signals distinguishable from one another by the
patient, each said signal indicative of a different ther-
apeutic treatment.
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The apparatus of claim 25, wherein the patient sig-
naling device is operable to generate at least four
distinct signals distinguishable from one another by
the patient, each said signal indicative of a different
therapeutic treatment.

The apparatus of claim 1, wherein the patient sign-
aling device is operable to generate at least one sig-
nal indicative of an appropriate therapeutic treatment
comprising a reduction in the normal dose of at least
one medication taken by the patient.

The apparatus of claim 1, wherein the patient signal
device generates signals in the form of predeter-
mined sequences of individual signal pulses, the sig-
nal pulses being perceptible by the patient

Patentanspriiche

1.

Vorrichtung zum Auswahlen einer Behandlung fir
kongestive Herzinsuffizienz in einem medizinischen
Patienten, wobei die Vorrichtung folgendes aufweist:

einen implantierbaren Druckwandler, der so be-
treibbar ist, dal} er ein Signal erzeugt, welches
den Fluiddruck innerhalb des linken Herzvor-
hofs anzeigt,

eine Signalverarbeitungsvorrichtung, die so be-
treibbar ist, daB sie ein Signal erzeugt, welches
eine geeignete therapeutische Behandlung an-
zeigt, welche wenigstens teilweise auf dem von
dem Druckwandler erzeugten Signal basiert,
eine Patienten-Signalisierungsvorrichtung, die
so betreibbar ist, da® sie das Signal, welches
die geeignete therapeutische Behandlung an-
zeigt, an den Patienten Gbermittelt, und

eine Vorrichtung, die so ausgelegt bzw. konfi-
guriert ist, daf der Druckwandler im Vorhofsep-
tum des Patienten verankert wird.

Vorrichtung nach Anspruch 1, welche weiterhin eine
implantierbare flexible Leitung aufweist, die eine Si-
gnalverbindung zwischen dem Druckwandler und
der Signalverarbeitungsvorrichtung bereitstellt.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung wenigstens teilweise inner-
halb eines Gehauses enthalten ist, wobei das Ge-
hause fir eine Implantation in den Kérper des Pati-
enten ausgelegt ist.

Vorrichtung nach Anspruch 3, wobei das Gehause
fur eine dauerhafte Implantation in den Kérper des
Patienten ausgelegt ist.

Vorrichtung nach Anspruch 2, wobeidie Vorrichtung,
die dafiur ausgelegt ist, den Druckwandler im Vor-
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hofseptum des Patienten zu verankern, auf der Lei-
tung vorliegt.

Vorrichtung nach Anspruch 5, wobei die Vorrichtung
auf der Leitung, die dafiir ausgelegt ist, den Druck-
wandler im Vorhofseptum des Patienten zu veran-
kern, eine Spiralschraube aufweist, welche fir ein
Vorwartsbewegen in das Vorhofseptum und eine Fi-
xierung darin ausgelegt ist.

Vorrichtung nach Anspruch 5, wobei die Vorrichtung
auf der Leitung, die dafiir ausgestaltetist, den Druck-
wandler im Vorhofseptum des Patienten zu veran-
kern, wenigstens einen Anker aufweist, welcher bei
Zurlickziehen bzw. Entfernen einer entfernbaren
Hulle, um den Anker freizulegen, mittels Federkraft
ausfahrbar ist.

Vorrichtung nach Anspruch 2, wobei der Druck-
wandler sich auf der Leitung um einen vorbestimm-
ten Abstand von einer distalen Spitze der Leitung
beabstandet befindet, wobei der Abstand so vorbe-
stimmt wird, dafl der Druckwandler innerhalb des
linken Herzvorhofs des Patienten positioniert wird,
wenn die distale Spitze innerhalb einer Lungenvene,
die mitdem linken Herzvorhof des Patienten verbun-
den ist, positioniert wird.

Vorrichtung nach Anspruch 2, wobei die Leitung eine
erste Leitungskomponente, die eine Vorrichtung
tragt, welche so ausgelegt ist, daR sie die erste Lei-
tungskomponente im Vorhofseptum des Patienten
verankert, und eine zweite, den Druckwandler tra-
gende Leitungskomponente aufweist, wobei die
zweite Leitungskomponente in den Patienten im-
plantierbar und an der ersten Leitungskomponente
fixierbarist, nachdem die erste Leitungskomponente
in den Patienten implantiert wurde.

Vorrichtung nach Anspruch 1, welche weiterhin ei-
nen zweiten Sensor zusatzlich zu dem Druckwand-
ler aufweist, wobei der zweite Sensor so betreibbar
ist, dal er ein zweites Signal erzeugt, welches einen
zweiten Zustand innerhalb des Kérpers des Patien-
ten anzeigt, wobei die Signalverarbeitungsvorrich-
tung so betreibbar ist, dal sie ein Signal erzeugt,
welches eine geeignete therapeutische Behandlung
anzeigt, die wenigstens teilweise auf dem zweiten
Signal basiert, welches von dem zweiten Sensor er-
zeugt wurde.

Vorrichtung nach Anspruch 10, wobei der zweite
Sensor ein zweiter Druckwandler ist.

Vorrichtung nach Anspruch 10, wobei der zweite
Sensor eine EKG-Elektrode ist.

Vorrichtung nach Anspruch 10, wobei der zweite
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Sensor fiir eine Implantation in den rechten Herzvor-
hof des Patienten ausgelegt ist.

Vorrichtung nach Anspruch 10, wobei der zweite
Sensor flr eine Implantation an einer Stelle inner-
halb des Korpers des Patienten auRerhalb der Vor-
hofe ausgelegt ist.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung einen  Analog-zu-Digital-
Wandler beinhaltet, welcher so betreibbar ist, da®
er Analogsignale von dem Druckwandler in Digital-
signale, die den Fluiddruck innerhalb des linken
Herzvorhofs widerspiegeln, umwandelt.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung einen digitalen Speicher be-
inhaltet, um Daten zu speichern, die Driicke inner-
halb des linken Herzvorhofs widerspiegeln.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung so betreibbar ist, daR sie mit
der in den Koérper des Patienten implantierten Si-
gnalverarbeitungsvorrichtung modifizierte Program-
mierung empfangt.

Vorrichtung nach Anspruch 16, welche weiterhin ei-
ne Vorrichtung aufweist, die so ausgelegt ist, daR
sie die Daten, die Driicke innerhalb des linken Herz-
vorhofs widerspiegeln, aus dem digitalen Speicher
abfragt bzw. abruft.

Vorrichtung nach Anspruch 18, wobei die Datenab-
fragevorrichtung einen Transceiver beinhaltet, der
so betreibbar ist, dal® er die Daten durch die Haut
des Patienten Ubertragt.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung eine mechanische Vi-
brationseinrichtung aufweist, die so betreibbar ist,
dafd sie eine durch den Patienten wahrnehmbare Vi-
bration erzeugt.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung eine Vorrichtung auf-
weist, die so ausgelegt ist, daf} sie einen durch den
Patienten wahrnehmbaren Elektroschock erzeugt.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung ein Sendegerat auf-
weist, welches so betreibbar ist, daf® es Informatio-
nen an einen entfernten Empfénger sendet.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung Stromiberwachungseinhei-
ten aufweist, die so betreibbar sind, dal sie in Zeit-
raumen relativer Inaktivitdt zwischen Zeitrdumen
des Gerétebetriebs wenigstens einigen Teilen der
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Signalverarbeitungsvorrichtung Strom bzw. Energie
verwehren.

Vorrichtung nach Anspruch 1, wobei die Signalver-
arbeitungsvorrichtung eine Vorrichtung aufweist, die
so betreibbar ist, dal} sie mittlere Drlicke im linken
Herzvorhof auf Basis von mehreren einzelnen Si-
gnalen, die durch den Druckwandler erzeugt wur-
den, berechnet.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung so betreibbar ist, daf3 sie
wenigstens zwei verschiedene Signale erzeugt, die
der Patient voneinander unterscheiden kann, wobei
jedes dieser Signale eine andere therapeutische Be-
handlung anzeigt.

Vorrichtung nach Anspruch 25, wobei die Patienten-
Signalisierungsvorrichtung so betreibbar ist, daf3 sie
wenigstens vier verschiedene Signale erzeugt, die
der Patient voneinander unterscheiden kann, wobei
jedes dieser Signale eine andere therapeutische Be-
handlung anzeigt.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung so betreibbar ist, daf} sie
wenigstens ein Signal erzeugt, welches eine geeig-
nete therapeutische Behandlung anzeigt, die eine
Reduzierung der normalen Dosis wenigstens eines
vom Patienten eingenommenen Medikaments um-
faRt.

Vorrichtung nach Anspruch 1, wobei die Patienten-
Signalisierungsvorrichtung Signale in Form von vor-
bestimmten Abfolgen einzelner Signalpulse erzeugt,
wobei die Signalpulse durch den Patienten wahr-
nehmbar sind.

Revendications

1.

Appareil pour le choix d’un traitement pour une in-
suffisance cardiaque chez un patient en médecine,
I'appareil comportant :

un transducteur de pression implantable pou-
vant étre mis en oeuvre pour générer un signal
indiquant une pression de fluide dans l'oreillette
gauche ;

un appareil de traitement de signaux pouvant
étre mis en oeuvre pour générer un signal re-
présentatif d’'un traitement thérapeutique appro-
prié basé au moins en partie sur le signal généré
par le transducteur de pression ;

un dispositif de signalisation pour le patient pou-
vant étre mis en oeuvre pour communiquer au
patient le signal représentatif du traitement thé-
rapeutique approprié ; et
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un appareil configuré pour fixer le transducteur
de pression a la cloison de l'oreillette du patient.

Appareil selon la revendication 1, comprenant en
outre un conducteur souple implantable établissant
une connexion de signal entre le transducteur de
pression et I'appareil de traitement de signal.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal est contenu au moins
partiellement dans un boitier, le boitier étant confi-
guré pour étre implanté dans le corps du patient.

Appareil selon la revendication 3, dans lequel le boi-
tier est configuré pour étre implanté de fagon per-
manente dans le corps du patient.

Appareil selon la revendication 2, dans lequel I'ap-
pareil configuré pour fixer le transducteur de pres-
sion a la cloison de l'oreillette du patient se trouve
sur le conducteur.

Appareil selon la revendication 5, dans lequel I'ap-
pareil sur le conducteur configuré pour fixer le trans-
ducteur de pression a la cloison de l'oreillette du pa-
tient comporte une vis hélicoidale configurée pour
étre avanceée et fixée dans la cloison de l'oreillette.

Appareil selon la revendication 5, I'appareil sur le
conducteur configuré pour fixer le transducteur de
pression a la cloison de l'oreillette du patient com-
porte au moins une piéce d’ancrage pouvant étre
déployée parlaforce d’'unressortlors duretraitd’'une
gaine amovible pour mettre a nu la piece d’ancrage.

Appareil selon la revendication 2, dans lequel le
transducteur de pression est situé sur le conducteur
a une distance prédéterminée d’un bout distal du
conducteur, dans lequel la distance est prédétermi-
née afin que le transducteur de pression soit posi-
tionné dans l'oreillette gauche du patient lorsque le
bout distal est positionné dans une veine pulmonaire
reliée a I'oreillette gauche du patient.

Appareil selon larevendication 2, dans lequel le con-
ducteur comporte un premier constituant conducteur
portant un appareil configuré pour fixer le premier
constituant conducteur a la cloison de I'oreillette du
patient, et un second constituant conducteur portant
le transducteur de pression, dans lequel le second
constituant conducteur peut étre implanté dans le
corps du patient et peut étre fixé au premier consti-
tuant conducteur aprés que le premier constituant
conducteur a été implanté dans le corps du patient.

Appareil selon la revendication 1, comportant en
outre un second capteur en plus du transducteur de
pression, le second capteur pouvant étre mis en
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oeuvre pour générer un second signal représentatif
d’un second état dans le corps du patient, dans le-
quel I'appareil de traitement de signal peut étre mis
en oeuvre pour générer un signal représentatif d’'un
traitement thérapeutique approprié basé au moins
en partie sur le second signal généré par le second
capteur.

Appareil selon la revendication 10, dans lequel le
second capteur est un second transducteur de pres-
sion.

Appareil selon la revendication 10, dans lequel le
second capteur est une électrode pour ECG.

Appareil selon la revendication 10, dans lequel le
second capteur est configuré pour une implantation
dans l'oreillette droite du patient.

Appareil selon la revendication 10, dans lequel le
second capteur est configuré pour une implantation
dans un emplacement a l'intérieur du corps du pa-
tient, en dehors de l'oreillette.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal comprend un conver-
tisseur analogique-numérique pouvant étre mis en
oeuvre pour convertir des signaux analogiques pro-
venant du transducteur de pression en données nu-
mériques reflétant la pression de fluide dans
I'oreillette gauche.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal comprend une mémoi-
re numérique destinée a stocker des données reflé-
tant des pressions a l'intérieur de 'oreillette gauche.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal peut étre mis en oeuvre
pour recevoir une programmation modifiée alors que
I'appareil de traitement de signal est implanté dans
le corps du patient.

Appareil selon la revendication 16, comportant en
outre un appareil configuré pour récupérer les don-
nées reflétant des pressions dans l'oreillette gauche
a partir de la mémoire numérique.

Appareil selon la revendication 18, dans lequel I'ap-
pareil de récupération de données comprend un
émetteur-récepteur pouvant étre mis en oeuvre pour
transmettre les données a travers la peau du patient.

Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient comprend un
vibreur mécanique pouvant étre mis en oeuvre pour
produire une vibration perceptible par le patient.
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Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient comprend un
appareil configuré pour produire un choc électrique
perceptible par le patient.

Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient comprend un
émetteur pouvant étre mis en oeuvre pour envoyer
une information a un récepteur éloigné.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal comprend un circuit de
gestion d’énergie pouvant étre mis en oeuvre pour
supprimer I'énergie d’au moins certaines parties de
I'appareil de traitement de signal pendant des pério-
des de relative inactivité comprises entre des pério-
des de fonctionnement du dispositif.

Appareil selon la revendication 1, dans lequel I'ap-
pareil de traitement de signal comprend un appareil
pouvant étre mis en oeuvre pour calculer des pres-
sions moyennes de I'oreillette gauche sur la base de
multiples signaux individuels générés par le trans-
ducteur de pression.

Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient peut étre mis
en oeuvre pour générer au moins deux signaux dis-
tincts pouvant étre distingués 'un de l'autre par le
patient, chaque signal étant représentatif d’un trai-
tement thérapeutique différent.

Appareil selon la revendication 25, dans lequel le
dispositif de signalisation pour le patient peut étre
mis en oeuvre pour générer au moins quatre signaux
distincts pouvant étre distingués les uns des autres
par le patient, chaque signal étant représentatif d’'un
traitement thérapeutique différent.

Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient peut étre mis
en oeuvre pour générer au moins un signal repré-
sentatif d’'un traitement thérapeutique approprié
comprenant une réduction de la dose normale d’au
moins un médicament pris par le patient.

Appareil selon la revendication 1, dans lequel le dis-
positif de signalisation pour le patient génére des
signaux sous la forme de séquences prédétermi-
nées d’impulsions individuelles de signaux, les im-
pulsions des signaux étant perceptibles par le pa-
tient.
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FIG. 1
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FIG. 2
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FIG. 5
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