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Description

Background

Field of the Invention

[0001] Thisinvention relates generally to cardiovascu-
lar anchoring devices and methods of deploying the
same.

Description of the Related Art

[0002] US 2002077555 discloses a method for im-
planting a medical device between tissue comprising the
steps of providing a catheter having a body and a distal
end thereof wherein the catheter includes an implantable
device comprising a housing having a proximal end and
a distal end and a longitudinal axis. The implantable de-
vice further includes a first set of anchoring members
operatively connected to the proximal end of the housing
and a second set of anchoring members operatively con-
nected to the distal end of the housing. Both sets of an-
choring members are movable between a collapsed po-
sition and a deployed position.

[0003] US 3397699 discloses a flexible thin-walled
catheter formed with an occluded distal end and an open
proximal end. A lateral aperture is defined by the tube
wallls of the catheter adjacent to the distal end. A plurality
of slits in a zone adjacent to but proximal of the aperture
define a plurality of folding wings.

[0004] US 5755767 discloses a transvenous endocar-
dial lead comprising an elongated flexible body member
encompassing an electrical conductor which has an elec-
trode atits distal end. A stabilizer adjacent the distal elec-
trode extends outwardly from the flexible body member
by a distance no greater than approximately one-half of
the shortest distance between a longitudinal axis and the
outer peripheral surface for minimizing dislodgment of
the distal end from an intended implanted position into
the myocardial tissue of the heart and for preventing pen-
etration of the distal end of the flexible body member into
the myocardial tissue. The stabilizer may be employed
in conjunction with conventional active or passive fixation
members and may take a variety of forms.

[0005] Heart failure is a cardiovascular condition in
which the heart fails to sufficiently supply the body with
the oxygenrich blood the body requires, either at exercise
or at rest. Congestive heart failure (CHF) is heart failure
accompanied by a build-up of fluid pressure in the pul-
monary blood vessels that drain the lungs. Transudation
of fluid from the pulmonary veins into the pulmonary in-
terstitial spaces, and eventually into the alveolar air spac-
es, is called pulmonary edema, and can cause shortness
of breath, hypoxemia, acidosis, respiratory arrest, and
death.

[0006] It is 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
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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 CHF accounts for the use of more hospital days than
any other cardiac diagnosis, and consumes in excess of
seven and one-half billion dollars in the United States
annually.

[0007] 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.
[0008] 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.

Summary of the Invention

[0009] In view of the above discussion, it is desirable
to provide a system by which a patient’s congestive heart
failure can be monitored routinely or continuously with
minimal attendance by a caregiver, and then only when
actually required. It is also desirable that such a system
include a means for communicating diagnostic informa-
tion not only to the physician but to the patient as well,
so that the patient can continue or modify his own drug
therapy appropriately and generally without the direct in-
tervention of a physician. One example of such a system
is described in U. S.

[0010] Patent No. 6, 328, 699 to Eigler et al., herein
incorporated by reference (referred to herein as"the Ei-
gler patent"). The systems and methods described in sev-
eral embodiments of the Eigler patent generally involve
implantation of a pressure sensor within a portion of the
patient’s heart (such as the left atrium) in order to con-
tinuously monitor a fluid pressure in the portion of the
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heart.

[0011] Notwithstanding the particular advantages of
the systems and methods described in the Eigler patent,
there remains room for improvement to the systems and
methods used for anchoring a sensor to a wall of the
patient’s heart (such as the atrial septum).

[0012] Theinventionis defined in the claims. Preferred
embodiments of the presentinvention provide an anchor-
ing device and a method of delivery which can effectively
be used to deploy an anchoring mechanism for a variety
of clinical applications. In one embodiment, an anchoring
device is configured to cross the septum between the
right and left atrium and trap itself between the two cham-
bers such that a pressure sensing member is exposed
to the left atrium. The device is configured in a manner
that will allow it to position the pressure sensing member
at a desired location relative to the septal wall while con-
forming to anatomical variations.

[0013] According to one embodiment, radiopaque
markers can be provided on the anchor and/or the deliv-
ery and retrieval apparatus. One advantage of such
markers is to enable fluoroscopic guidance of the devices
during delivery and retrieval procedures.

[0014] According to one embodiment, an implantable
device is provided. The device, of this embodiment com-
prises a proximal anchor having at least one anchor leg
configured to follow a helical path. The device also com-
prises a distal anchor having one or more legs.

[0015] The proximal and distal anchors of this embod-
iment are preferably configured to be movable between
a collapsed delivery position and an expanded position
in which the proximal and distal anchors secure the im-
plant to a wall of an organ within a patient. The device
further includes a diagnostic and/or therapeutic implant
configured to be supported by the proximal and distal
anchors. In one embodiment, the diagnostic tool includes
apparatus operable to measure one or more physiolog-
ical parameters. In one embodiment, the diagnostic tool
includes apparatus operable to measure pressure, oxy-
gen levels, or electrical activity, or some combination
thereof. In one embodiment, the therapeutic tool com-
prises apparatus operable to deliver one or more phar-
maceutical agents to the patient. In another embodiment,
the therapeutic tool includes apparatus operable to de-
liver one or more electrical signals or pulses to the patient.
In one embodiment, the implant comprises a pressure
sensor (or pressure transducer). In other embodiments,
the implant includes, but is not limited to, sensors, sens-
ing and stimulating electrodes, ultrasound transducers,
drug delivery systems, pacing leads, electrocardiogram
leads, oxygen partial pressure sensors, oxygen satura-
tion sensors, and any other device that one desires to
securely anchor to a wall of an internal organ.

[0016] Another embodiment provides a system for di-
agnosing and/or treating a condition in a patient. The
system of this embodiment comprises an implant config-
ured to be implanted within a patient, a proximal anchor
comprising at least one helical leg configured to expand
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from a compressed state to a relaxed state, and a distal
anchor comprising at least one leg configured to expand
from a compressed state to an expanded state. The prox-
imal anchor and the distal anchor of this embodiment are
preferably configured to sandwich an atrial septum wall
(or the left atrial free wall, the pulmonary vein wall, or any
other suitable wall of a heart) between the proximal an-
chor leg and the distal anchor leg and to support the
implant in the septum wall. The system of this embodi-
ment also preferably comprises a delivery catheter con-
figured to deploy the sensor, the proximal anchor, and
the distal anchor in the septum wall. In one embodiment,
the system is particularly suited to monitoring congestive
heart failure in the patient.

[0017] Another embodiment provides a system for
monitoring a patient for congestive heart failure compris-
ing animplantable pressure sensor and a means for con-
tacting a proximal wall and a distal wall of an organ to
anchor said pressure sensor to the organ wall. The sys-
tem can further comprise a means for delivering said im-
plantable sensor and said means for contacting to said
organ wall. In another embodiment, the system further
comprises a means for retrieving said implantable pres-
sure sensor from the organ wall.

[0018] According to further embodiments, an appara-
tus is also provided for engaging and removing the an-
choring mechanism from its deployed position. Accord-
ing to one embodiment, a retrieval device is configured
to retrieve a cardiac anchoring device from a position
deployed in a wall of an organ within a patient. The re-
trieval device of this embodiment comprises a retrieval
head having a plurality of grasping hooks extending from
a distal end thereof, aribbon of sufficient length to extend
from a retrieval location within a patient to a location out-
side of a patient. The grasping hooks of this embodiment
are preferably configured to engage a proximal ring of a
proximal anchor.

Brief Description of the Drawings
[0019]

FIG. 1 is a perspective view of one embodiment of
adistal anchorin a compressed state for deployment
in a patient.

FIG. 2 is a perspective view of the distal anchor of
FIG. 1 in an expanded state.

FIG. 3 is a perspective view of one embodiment of
a proximal anchor in a compressed state.

FIG. 4 is a perspective view of the proximal anchor
of FIG. 3 in an expanded state.

FIG. 5is a side view of the proximal anchor of FIG. 4.
FIG. 6 is a front view, looking proximally at the prox-
imal anchor of FIG. 5.

FIG. 7 is a front view, looking proximally at a distal
anchor and a sensor mounted to the distal anchor.
FIG. 8 is a cross-sectional view of the distal anchor
and sensor of FIG. 7 taken through line 8-8.
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FIG. 9is a detail view of a portion of the distal anchor
and sensor of FIG. 8, taken at line 9-9.

FIG. 10 is a perspective view of one embodiment of
an assembly of a proximal anchor, a distal anchor,
and a sensor.

FIG. 11 is a detail view of a portion of the assembly
of FIG. 10, taken through line 11-11.

FIG. 12 is an exploded view of the proximal anchor,
distal anchor and sensor of Figure 10.

FIG. 13 is a perspective view of an alternative em-
bodiment of a distal anchor in an expanded state.
FIG. 14 is a perspective view of an alternative em-
bodiment of the proximal anchor.

FIG. 15 is a perspective view of a delivery catheter
with a portion of a distal anchor visible at the distal
end of the delivery catheter.

FIG. 16 is a perspective view of the assembly of FIG.
15 shown with the delivery catheter removed to show
detail.

FIG. 17 is a perspective view of a distal anchor and
a sensor deployed on a distal side of an atrial septum
wall.

FIG. 18 is a perspective view of the distal anchor and
sensor of FIG. 17 with the delivery catheter further
retracted.

FIG. 19 is a perspective view illustrating a delivery
catheter deploying an anchor and sensor assembly
as viewed from a proximal side of an atrial septum
wall.

FIG. 20 is a side view of an anchor and sensor as-
sembly deployed and anchored to a thin atrial sep-
tum wall (shown in cross-section).

FIG. 21 is a side view of an anchor and sensor as-
sembly deployed and anchored to a thicker atrial
septum wall (shown in cross-section).

FIG. 22 is a perspective view of one embodiment of
aretrieval device for retrieving the anchor and sensor
assembly.

FIG. 23 is a detail view of a portion of the retrieval
device of FIG. 22, taken through line 23-23.

FIG. 24 is a side view of one embodiment of a re-
trieval device.

FIG. 25 is a detail view of the retrieval head of the
retrieval device of FIG. 24.

FIG. 26 is a side view of one embodiment of a re-
trieval device.

FIG. 27 is a detail view of the retrieval head of the
retrieval device of FIG. 26.

FIG. 28 is a perspective view of an alternative em-
bodiment of a retrieval device.

FIG. 29 is a detail view of a distal portion of the re-
trieval device of FIG. 28, taken through line 29-29.
FIG. 30 is a detail view of a proximal portion of the
retrieval device of FIG. 28, taken through line 30-30.
FIG. 31 is a side perspective view illustrating a re-
trieval device positioned for retrieving the anchor and
sensor assembly.

FIG. 32 is a detail view of the retrieval device and
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the anchor and sensor assembly of FIG. 31 taken
through line 32-32.

FIG. 33 is a side perspective view of the retrieval
device and the anchor and sensor assembly of FIG.
31, shown with the proximal anchor partially with-
drawn into the retrieval catheter.

FIG. 34 is the side perspective view of FIG. 33 shown
with the catheter removed to show detail.

FIG. 35 is a detail view of a portion of the retrieval
device of FIG. 34, taken through line 35-35.

Detailed Description of the Preferred Embodiments

[0020] The following embodiments are describedinre-
lation to the placement of an anchoring and pressure
measurement device within an atrial septum wall. The
skilled artisan will recognize that certain aspects of the
present invention can be applied to other applications as
well. For example, the anchor devices described herein
can be configured to anchor any suitable diagnostic
and/or therapeutic implant to a wall of an organ within a
patient. Therefore, it is intended that the scope of the
present invention not be limited by the particular embod-
iments described below, but should be determined only
by a fair reading of the claims.

[0021] Throughout the following description, the terms
"proximal" and "distal" are used to describe relative po-
sitions, locations and/or orientations of various compo-
nents. As used herein, the term "distal" is used in its or-
dinary sense, and generally refers to objects and loca-
tions that are further along a trans-vascular path. Simi-
larly, the term "proximal" is used in its ordinary sense,
and refers without limitation, to objects and locations that
are closer along a trans-vascular path to an operator of
a trans-vascular device. For example, in some embodi-
ments the most proximal end of a catheter is the end that
is operated by a clinician performing a procedure within
a patient with the catheter. Similarly, in such embodi-
ments the distal-most end of a catheter is the end placed
furthest into the body of the patient and furthest from the
clinician performing the procedure. The terms "proximal"
and "distal" are used herein with reference to certain pre-
ferred embodiments of the orientation of certain compo-
nents during a procedure. The skilled artisan will recog-
nize however, that in alternative embodiments the direc-
tions of "proximal’ and "distal" as used herein may be
reversed with respect to a single component used in a
similar procedure.

[0022] Turning now to the figures, embodiments of car-
diovascular anchoring devices for use in anchoring an
implantable diagnostic or therapeutic implant to an organ
wall (such as an atrial septum wall) will now be described.
In one embodiment, the diagnostic tool comprises appa-
ratus operable to measure one or more physiological pa-
rameters. In one embodiment, the diagnostic tool com-
prises apparatus operable to measure pressure, oxygen
levels, and/or electrical activity. In one embodiment, the
therapeutic tool comprises apparatus operable to deliver
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one or more pharmaceutical agents to the patient. In an-
other embodiment, the therapeutic tool includes appara-
tus operable to deliver one or more electrical signals or
pulses to the patient. Implants also include, but are not
limited to, sensors, sensing and stimulating electrodes,
ultrasound transducers, drug delivery systems, pacing
leads, electrocardiogram leads, oxygen partial pressure
sensors, oxygen saturation sensors, and any other de-
vice that one desires to securely anchor to a wall of an
internal organ. In some embodiments, the implant com-
prises a sensor, and in one particular embodiment, the
implant is a pressure sensor or transducer. The figures
included herein illustrate a straight device and deploy-
ment apparatus for the purpose of demonstration. How-
ever, one skilled in the art will understand that, in use,
the delivery catheter and contained components will typ-
ically be substantially flexible or may assume other non-
straight shapes. For example, a delivery catheter can be
configuredtoinclude a pre-shaped curve or a pre-shaped
stylet in order to facilitate navigation of a patient’s tortu-
ous vasculature. As will also be clear to the skilled artisan,
the flexibility of certain components will be particularly
advantageous for navigation through tortuous anatomy.
[0023] Figures 1-14 illustrate embodiments of an an-
chor and sensorassembly 100 comprising adistal anchor
110 and a proximal anchor 112 configured to secure a
sensor 120 to a wall of an internal organ (such as a left
atrium of a heart) within a patient. The proximal and distal
anchor components 110 and 112 are configured to be
compressed to a delivery state such that they can be
placed within a tubular delivery catheter. The anchors
110 and 112 are further configured such that when they
are released from their compressed state, they will relax
to assume a preformed, expanded configuration in which
they engage opposite sides of a septum wall 210 (e.g.
see Figures 20 and 21) in order to support the sensor
120 in an operative position.

[0024] Many of the embodiments of implantable devic-
es shown and described herein are preferably configured
to be deployed via a tubular, flexible delivery catheter
that can be guided either alone or over a guidewire to a
delivery location within a patient. A delivery catheter for
use in delivering and deploying an implantable device
preferably comprises an internal diameter that is at least
as large as the outer diameter of the distal and proximal
anchors in their compressed states. In some embodi-
ments, a delivery catheter can be configured to be suffi-
ciently large in diameter to allow the catheter to be filled
with a continuous column of fluid. This advantageously
allows for simultaneous monitoring of a fluid pressure at
the distal end of the catheter through the continuous fluid
column surrounding the anchoring system in the cathe-
ter. Such an arrangement would also advantageously
allow for the injection of a radiographic contrast medium
through the delivery catheter in order to determine the
precise location of the catheter tip in the cardiovascular
system. The skilled artisan will recognize that other em-
bodiments of delivery catheters incorporating additional
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fluid-carrying lumens can also be used to deliver an im-
plantable anchoring device.

[0025] Inorderto allow the proximal and distal anchors
110 and 112 to self-expand from a compressed state to
an expanded state, they are preferably made from ma-
terials that exhibit superelastic and/or shape memory
characteristics. Alternatively, the anchors could be made
from other non-superelastic or non-shape memory ma-
terials as desired. For example, suitable materials for fab-
rication of the proximal and distal anchors include, but
are not limited to, nickel titanium alloys (NiTior NITINOL),
cobalt-chromium alloys, stainless steel, ELGILOY,
MP35N or other biocompatible, superelastic, and/or
shape memory materials that are well known to those
skilled in the art of clinical medical devices. The anchors
can be made by any suitable process appropriate for a
particular material. For example, the anchors could be
molded, machined, laser cut, etc as desired.

[0026] Figures 1 and 2 illustrate one embodiment of a
distalanchor 110 ina compressed state and an expanded
state respectively. The distal anchor 110 generally com-
prises a circular base portion 122 with a plurality of legs
124 extending distally therefrom. In the illustrated em-
bodiment, the legs 124 include slots 126 to advanta-
geously promote tissue overgrowth in a deployed posi-
tion, which will advantageously aid in securement of the
device to the septum wall. In alternative embodiments,
the legs 124 can be solid. As shown, the distal anchor
112 also comprises struts or locking tabs 130 configured
to engage a portion of the sensor 120 as will be further
described below. In its compressed state, as shown in
Figure 1, the distal anchor 124 occupies a substantially
cylindrical shape, thereby allowing it to be placed within
a cylindrical, tubular delivery catheter or delivery sheath.
[0027] In an expanded shape, as shown in Figure 2,
the legs 124 of the distal anchor 110 bend outwards and
proximally. In one embodiment, the legs 124 bend out-
wards until they are substantially perpendicular to the
longitudinal axis of the cylindrical base portion 122. In
alternative embodiments, the legs bend proximally until
they are oriented at more than 90° to the longitudinal axis
ofthe cylindrical base 122 as shown for example in Figure
8. In such embodiments, the angle 6 (which represents
the amount beyond perpendicular to the longitudinal axis
that the legs 124 can bend) can be between about 0°
and about 20°. In some preferred embodiments, the an-
gle 6 can be between about 5° and about 15°, and in one
specific preferred embodiment, the angle 6 can be about
10°. In one preferred embodiment, the angle 6 will pref-
erably be reduced to zero degrees when the distal anchor
110 is deployed on a distal side of a septum wall 210
(see FIG. 20) with a proximal anchor 112 on the proximal
side of the wall 210 due to the opposing force of the prox-
imal anchor 112. Thus, in a preferred embodiment, the
angle 6 is selected along with a spring constant of the
distal anchor legs 124 such that an opposing force ap-
plied by the proximal anchor 112 through a septum wall
of a particular thickness (as will be further described be-
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low) will cause the angle 6 to be substantially reduced to
zero or to deflect a small amount in the distal direction
so as to conform with a substantially concave left atrial
surface..

[0028] Figures 3-6illustrate one embodiment of a prox-
imal anchor 112 in compressed (Figure 3) and expanded
(Figures 4-6) states. In its compressed state, the proximal
anchor 112 occupies a substantially cylindrical space
such thatit can be placed in a cylindrically tubular delivery
catheter. The proximal anchor 112 generally includes a
proximal ring 140 and a distal ring 142 with a plurality of
legs 144 extending therebetween. The proximal anchor
112 can include any number of anchor legs 144 as de-
sired. For example, in the embodiment illustrated in Fig-
ure 3, the proximal anchor comprises six anchor legs
144. Alternatively, the proximal anchor 112 can include
a greater or lesser number of anchor legs 144. The prox-
imal anchor 112 can also include struts or locking tabs
150 which can be used to secure the sensor 120 to the
proximal anchor as will be further described below.
[0029] Inthe embodiment of Figure 3, the anchor legs
144 are configured to follow a helical path between the
proximal ring 140 and the distal ring 142. In one preferred
embodiment, the helical path of the anchorlegs 144 pass-
es through 360 degrees between the proximal ring 140
and the distal ring 142. In alternative embodiments, the
proximal anchor 112 can be longer and/or the legs 144
can pass through 720 degrees. In general, it is desirable
that the legs pass through a substantially whole number
of complete circles between the proximal and distal rings
140, 142. This configuration allows the proximal anchor
112 to negotiate the tortuous path that is typically en-
countered during delivery of the device to a desired lo-
cation within a patient. The spiral or helical shape of the
proximal anchor is particularly advantageous because
this configuration equalizes bending stresses experi-
enced by the anchor legs 144 in order to maintain an
internal lumen (typically with a circular cross-section) of
the proximal anchor 112 as the device is navigated
through a tortuous path. Additionally, the illustrated con-
figuration advantageously increases flexibility of the
proximal anchor 112 and reduces its diameter to allow
the anchor to be more effectively negotiated through a
tortuous anatomy without damaging the device orinjuring
the patient.

[0030] Figures 4-6 illustrate the proximal anchor 112
in its expanded state. As shown, proximal anchor 112
preferably assumes a substantially "mushroomed"
shape in its expanded state. In moving between the com-
pressed and expanded states (assuming the distal ring
142 is held substantially stationary), the anchor legs 144
preferably unwind and buckle outwards and distally rel-
ative to the proximal ring 142. As shown, the proximal
anchor 112 preferably "unwinds" such that the proximal
ring 140 rotates relative to the distal ring 142 as the an-
chor 112 moves between its compressed and expanded
states. The amount of rotation of the proximal ring relative
to the distal ring will typically be a function of the final
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resting distance between the proximal ring and the distal
ring.

[0031] In their fully expanded state, the anchor legs
144 preferably bend outwards and distally until each leg
144 forms a loop 152 with a distal most edge 154 that is
positioned substantially distally from the distal edge of
the distal ring 142. In some preferred embodiments, the
anchor assembly can be configured such that, in free
space (i.e. with no tissue or material between the proxi-
mal and distal anchors), the distal edge 154 of the prox-
imal anchor leg loops 152 and the proximal tissue-con-
tacting surface of the distal anchor 110 can actually over-
lap by up to about 0.06". In some preferred embodiments
the overlap can be between about 0.03" and about 0.05",
and in one specifically preferred embodiment, the dis-
tance is about 0.04". In some embodiments (as shown
in Figure 5), the distance 156 between the distal edge
154 of the proximal anchor leg loops 152 and the distal
edge of the distal ring 142 of the proximal anchor can be
between about 0.040" and about 0.070". In some pre-
ferred embodiments, the distance 156 is between about
0.050" and about 0.060", and in one particular preferred
embodiment, the distance 156 is about 0.054". By pro-
viding the proximal and distal anchor legs 144 and 124
with sufficient resilience that they relax to overlapping
positions, it can be assured that the assembly will be able
to securely anchor to even the thinnest of septum walls.
[0032] Figures 7-9 illustrate the distal anchor 110
mounted to a sensor 120. In the illustrated embodiment,
the sensor 120 is a pressure sensor having a substan-
tially cylindrical body 160 with a pressure sensing face
162 at its distal end, and a lead-attachment interface 164
at its proximal end. In one preferred embodiment, as
shown, the lead-attachment interface comprises a series
of annular notches which can be engaged by a tightly-
wound coil to secure the electrical lead. In some embod-
iments, a lead-attachment mechanism can be welded in
place (such as by laser welding) on the sensor 120 in
order to provide a more secure connection. In another
embodiment, the lead-attachment interface 164 can
comprise screw threads. Alternatively, the skilled artisan
will recognize that any number of suitable alternative in-
terfaces could also be used. Additional details of a suit-
able pressure sensor are provided, for example, in U.S.
Patent No. 6,328,699 to Eigler et al. ("the Eigler patent"),
which is incorporated herein by reference and made part
of the present disclosure. In alternative embodiments,
the sensor 120 can be configured to sense and/or monitor
any desired parameter within a patient.

[0033] Inthe embodiment of Figures 7-9, the distal an-
chor 110 is secured to the sensor 120 by struts or locking
tabs 130 on the anchor, which engage an angled annular
groove 170 which circumscribes a distal portion of the
sensor 120. The locking tabs 130 extending distally from
the distal anchor 110 (as shown in Figures 1 and 2) are
preferably bent slightly radially inwards such that they
will engage the distal annular groove 170 in the sensor
as shown in the detail view of Figure 9. Similarly, a prox-
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imal annular groove 172 is provided to be engaged by
the locking tabs 150 of the proximal anchor 112 (shown
in Figure 3). The anchor-to-sensor attachment system
illustrated in Figures 7-9 allows the anchors 110 and 112
to rotate about the sensor 120. In some situations it is
desirable to prevent rotation of the anchors relative to
the sensor 120 by spot-welding the proximal and/or distal
anchors to an annular flange 174 provided on the sensor
120. Alternatively, in place of an annular groove, the sen-
sor could comprise angled notches for receiving the lock-
ing tabs in a single rotational orientation on the sensor
120. Alternatively still, other attachment systems can also
be used, such as welds, adhesives, and other mechan-
ical fasteners.

[0034] Figure 8 illustrates a cross-sectional view of the
sensor 120 attached to a distal anchor. In some embod-
iments, it may be desirable to vary the distance 166 be-
tween a distal most edge of a distal anchor leg 124 (in
an expanded state as shown) and the pressure sensing
face 162 of the sensor 120. In one preferred embodiment,
the distance 166 is preferably zero, i.e. the pressure
sensing face 162 is preferably substantially co-planar
with the distal most point of a deployed distal anchor leg
124. Such a configuration will preferably advantageously
place the pressure sensing face 162 substantially flush
with the atrium wall, thereby reducing the hemodynamic
effect experienced by the sensor 120. In alternative em-
bodiments, it may be desirable that the sensor 120 be
moved distally such that the pressure sensing face ex-
tends distally outwards from the distal anchor. Alterna-
tively still, it may be desirable to support the sensor 120
within the distal anchor 110 such that the sensor face
162 is recessed within the distal anchor 110. The location
of the sensor face relative to the distal anchor can be
varied by changing a location of the distal annular groove
170 and/or by varying a size of the locking tabs 130.
[0035] Figures 10-14 illustrate an alternative embodi-
ment of an anchor and sensor assembly 100 wherein the
components are attached to one another with interlocking
mechanical fasteners. As shown, the proximal anchor
112, the distal anchor 110, and the sensor 120 include
interlocking structures configured to mechanically inter-
connect the assembly components in such a way as to
limit both axial and rotational movement of the compo-
nents relative to one another.

[0036] The distal anchor of Figures 10-12 comprises
a plurality of fingers 180 which extend proximally from
the cylindrical base portion 122. As shown, each finger
180 can include a narrow neck section 132 and a wider
proximal tab section 184. The proximal anchors 112 can
include correspondingly shaped slots 186 in the distal
ring 142 to receive the fingers 180. The sensor 120 can
also include corresponding interlocking structures con-
figured to engage structures on the distal and/or proximal
anchors 110, 112. As shown the sensor 120 can include
raised sections 188 around the circumference of the cy-
lindrical body 160. The raised sections 188 can be posi-
tioned so as to leave gaps 190 for receiving the neck
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sections 182 of the fingers 180. The raised sections 188
can be machined into the cylindrical body 160 of the sen-
sor, orthey can comprise independent segments welded,
adhered, or otherwise secured to the cylindrical body 160
of the sensor 120. The components can be assembled
as shown in Figure 10 to provide a secure and substan-
tially immobile connection between the proximal anchor
112, the sensor 120 and the distal anchor 110. The spe-
cific geometry of the interlocking structures of Figures
10-12 are intended to be merely exemplary, and the spe-
cific shapes of the fingers 180, slots 186, and spaces 190
can alternatively include a variety of different geometric
shapes in order to provide a secure connection between
the components. If desired, the interlocking structures
can also be welded together once they are assembled,
thereby further securing the connection.

[0037] Figures 13 and 14 illustrate the proximal and
distal anchors of Figures 10-12 with the addition of a plu-
rality of radiopaque markers 200 for facilitating visualiza-
tion of the assembly under fluoroscopy during deploy-
ment. As shown, radiopaque markers 200 can be applied
to the legs 124 of the distal anchor 110 and/or to the
proximal ring 140 of the proximal anchor 112. Radio-
paque markers can also be provided on other portions
of the proximal anchor 112, the distal anchor 110 and/or
the sensor 120. The radiopaque markers are preferably
placed in "low flex zones," such as the tips of the distal
anchor legs 124 and the proximal ring 140 of the proximal
anchor. Generally, "low flex zones" are portions of the
anchor that experience substantially minimal flexing or
bending. This insures that the materials used in the ra-
diopaque markers do not negatively affect the elasticity
of the flexing anchor sections, and also insures that the
radiopaque materials to not separate from the anchor
within a patient.

[0038] Radiopaque markers are typically made of no-
ble metals, such as gold, platinum/ iridium, tantalum, etc,
and are typically attached to the anchor by selective plat-
ing or ion beam deposition. Alternatively, the markers
could be micro rivets and/or rings that are mechanically
attached to portions of the system components. In order
to reduce the risk of galvanic corrosion which can be
experienced by dissimilar metals exposed to blood, the
radiopaque material can be selected to have a galvanic
corrosion potential that is substantially similar to a gal-
vanic corrosion potential of the material from which the
anchors and/or sensor are made. For example, if the an-
chors 110, 112 are to be made of NITINOL, the radio-
paque markers 200 can be made of tantalum. Alterna-
tively, an electrically insulating coating (conformal coat-
ings) such as parylene or other biocompatible synthetic
material can be used to cover the radiopaque markers
in order to isolate the marker and anchor section from
exposure to the blood or other bodily fluid.

[0039] Figures 15-21 illustrate embodiments of sys-
tems and methods for delivering and deploying the an-
chor assembly 100 to secure a sensor 120 in a septum
wall 210. According to one embodiment, a guidewire is
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placed through the septum wall 210 at the target site. A
dilator sheath can then be fed over the guide wire and
into the left atrium. The guidewire and dilator sheath can
then be removed. A delivery catheter can then be fed
over the dilator sheath until it crosses the septum and
enters the left atrium.

[0040] As shown in Figures 15 and 16, an assembly
100 of a proximal anchor 112, a distal anchor 110 and a
sensor 120 is provided within an introducer sheath con-
figured to introduce the anchor assembly into the proxi-
mal end of the delivery catheter 220. A stylet 224 is ad-
vanced through a central lumen of the electrical lead 226
to provide column strength and guidance to the device.
[0041] The introducer sheath containing the anchor
and sensor assembly is then inserted into the proximal
end of the delivery catheter, and the sheath is retracted
and withdrawn. The anchor assembly is then guided
through the delivery catheter 220 (which was previously
positioned through the septum wall) until the legs of the
distal anchor 110 are positioned at the distal end of the
delivery catheter 220, which can be visually verified un-
der fluoroscopy by noting the position of the distal radi-
opaque marker 225 on the distal edge of the delivery
catheter220. The delivery catheter 220 can be withdrawn
while holding the anchor and sensor assembly 100 in
place with the stylet 224 extending through the center of
the sensor lead 226. The stylet 224 is preferably config-
ured to provide sufficient column strength to allow the
anchor and sensor assembly 100 to be held in place rel-
ative to the septum 210 while the catheter 220 is retracted
to expose and deploy the anchors.

[0042] As the catheter 220 is retracted to expose the
distal anchor 110, the distal anchor legs 124 will expand
to assume their expanded state on a distal side of the
septumwall 210. Continued retraction of the catheter 220
will expose the proximal anchor 112, allowing it to relax
to its expanded state on a proximal side of the septum
wall 210 as shown in Figure 19. The fully deployed prox-
imal 112 and distal 110 anchors preferably resiliently en-
gage the septum wall 210 in order to firmly secure the
sensor 120 to the septum wall 210.

[0043] Inoneembodiment,the legs 144 of the proximal
anchor 112 apply a lower spring force to the septum wall
210 than the legs 124 of the distal anchor 110 so that
variations in septum wall thickness are accommodated
by variations in the position of the proximal anchor legs
144 as shown in Figures 20 and 21. Figure 20 shows a
relatively thin septum wall 210 with a thickness 230. In
order to securely anchor the sensor, the legs 144 of the
proximal anchor 112 will extend distally until their distal
motion is stopped by the pressure of the septum wall
210. In the embodiment of Figure 21, the septum wall
210 is substantially thicker 231, thereby causing the legs
144 of the proximal anchor 112 to extend a shorter dis-
tance distally than in the embodiment of Figure 20. This
difference in anchored position of the proximal anchor
legs 144 can also be seen in the difference in the dimen-
sions 232 and 234. As shown in Figures 20 and 21, the

10

15

20

25

30

35

40

45

50

55

distance 232 in Figure 20 between the proximal edge of
the proximal ring 140 and the proximal surface of the
septumwall 210 is greater than a corresponding distance
234 for the thicker septum wall of Figure 21.

[0044] Inone embodiment, the lead 226 shown in Fig-
ures 16, 19 and 20 is part of a pressure monitoring ap-
paratus and is used to relay electrical signals to a sign-
aling device as described, for example, in the Eigler pat-
ent mentioned above.

[0045] Figures 22-35 illustrate systems and methods
for retrieving an anchor and sensor assembly 100 from
its position anchored to a septum wall 210. Retrieval de-
vices having preferred features and advantages are gen-
erally configured to be placed within a catheter and guid-
ed to the location of the anchor and sensor assembly 100
within a patient. A retrieval device can then be operated
tograspthe anchorassembly 100 and drawitintoalumen
of the catheter for removal from the patient’s body.
[0046] In one embodiment, a retrieval apparatus 250
such as that shown in Figures 22-27 generally comprises
a retrieval head 252 with a plurality of grasping hooks
254 extending distally from a cylindrical body 256. The
cylindrical body 256 of the retrieval head 252 comprises
as small an axial length as possible in order to allow the
retrieval device to be easily guided through the tortuous
anatomy of a patient’s vasculature.

[0047] Withreference to Figure 23, the grasping hooks
254 can be configured to comprise return legs 258 which
are substantially parallel to the attachment portion of the
legs 259. In their relaxed position, the legs 259 are bent
radially outwards as shown in Figures 24 and 25 in order
to allow the hooks 254 to be advanced distally past the
proximal ring 140. When the retrieval device 250 is drawn
into the catheter, the legs 254 assume a compressed
state as shown in Figures 26 and 27. In their compressed
state, the legs 259 are substantially parallel to the longi-
tudinal axis of the cylindrical body 256 of the retrieval
device 250.

[0048] As shown in Figures 22-27, the cylindrical body
256 caninclude a slot 260 configured to allow the retrieval
head to allow the retrieval device 250 to be assembled
onto the lead by "side loading," e.g, by placing the cylin-
drical body 256 beside the lead and pressing the lead
226 sideways through the slot 260 of the cylindrical body
256. This is particularly advantageous in embodiments
in which the lead 226 comprises an enlarged proximal
end (such as an electrical connector), since side-loading
the retrieval head onto the lead 226 allows the retrieval
head to have aninternal diameter only slightly larger than
the diameter of the lead.

[0049] Inanalternative embodiment, the retrieval head
252 can be configured to be moved from an open position
to a closed position by compressing the cylindrical body
256 to a smaller diameter. According to this embodiment,
the slot 260 in the cylindrical body 256 is provided to
allow the retrieval head to expand to assume an internal
diameter that is sufficiently large that the cylindrical body
256 can be fed over a sensor lead 226 (e.g. see Figure
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34). The retrieval head of this embodiment can be con-
stricted to assume a smaller diameter, and to cause the
grasping hooks to engage the proximal anchor.

[0050] Figures 28-30 illustrate an alternative embodi-
ment of a retrieval device 280 that comprises a retrieval
head 252 with a plurality of helical legs 282 extending
between and attached to proximal 284 and distal 286
rings. The construction of the retrieval device 280 advan-
tageously allows the device to be more easily guided
through a patient’s tortuous vasculature. The proximal
ring 284 of the retrieval device 280 can be configured to
receive an attachment loop 278 of a push/pull ribbon 262.
Theretrieval device 280 also includes a plurality of grasp-
ing hooks 292 for engaging and removing the anchor and
sensor assembly 100. This embodiment is also advan-
tageously longer than the previous retriever embodiment
in orderto allow it to be extended further out of the delivery
catheter. With reference to the detail view of Figure 29,
the grasping hooks 292 generally include attachment
legs 294 and return legs 296. The return legs 296 as
shown, are oriented to be substantially perpendicular to
a longitudinal axis of the retrieval device 282. The return
legs 296 also preferably include radiopaque markers 300
to facilitate visualization of the distal end of the retrieval
device 280 under fluoroscopy.

[0051] The retrieval devices 250, 280 are generally
configured such that the grasping hooks 254, 292 can
be moved between an "open" or expanded position and
a "closed" position. In the open position, the hooks 254,
292 are spaced sufficiently to be placed distally of the
proximal ring 140 of the proximal anchor 112. The grasp-
ing hooks 254, 292 can be moved to their closed position
for example by advancing the catheter 220 distally rela-
tive to the retrieval device 250, 280. The distal edge of
the catheter 220 will compress the hooks 254, 292 to
their closed position. In the alternative embodiment of
Figures 26 and 27, the device can be moved to a closed
position by radially compressing the cylindrical body 256
of the retrieval device. In order to fully engage the hooks
on the proximal ring, the ribbon 262 can be pulled prox-
imally slightly.

[0052] Methods of retrieving the anchor and sensor
assembly will now be described with reference to Figures
31-35. Once aretrieval device 250, 280 is in position with
the grasping hooks 254, 292 engaged on a proximal ring
140 of the proximal anchor 112, the retrieval device 250,
280 is pulled proximally until the proximal ring 140 of the
proximal anchor 112 enters the distal end of the delivery
catheter 220. At this point, the radiopaque markers of the
retrieval device (300), the proximal ring 140 and the de-
livery catheter (225) are all aligned with one another. The
stylet 224 is then held fixed to maintain the position of
the sensor while the proximal anchor 112 is stretched,
causingitto compress, by drawing back both the catheter
and the retrieval implant. Once the proximal anchor 112
is stretched to its compressed state, it can be introduced
into the catheter 220 by holding the ribbon 262 stationary
and advancing the delivery catheter 220 over the proxi-
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mal anchor 112, while holding the sensor 120, the prox-
imal anchor 112 and distal anchor 110 substantially sta-
tionary with the stylet 224.

[0053] Once the proximal anchor 112 has been is fully
compressed and is contained within the catheter 220,
the catheter 220 can be advanced distally while holding
the retrieval device stationary. The catheter is advanced
until the distal edge of the catheter extends through the
septum wall 210 and is positioned adjacent the legs 124
of the distal anchor 110. The legs 124 of the distal anchor
110 can be compressed by further advancing the cath-
eter 220 distally while pulling the ribbon 262 proximally,
and allowing the stylet to move proximally. Once the legs
124 of the distal anchor 110 have been fully compressed,
the distal anchor can be pulled back into the lumen of
the catheter 220. The catheter 220 containing the an-
chors 110, 112 and the sensor 120 can then be removed
from the patient’s vasculature.

[0054] Additionally, removal of a chronically implanted
device can also involve the adjunctive use of a commer-
cial cardiac lead removal system including a lead grasp-
ing stylet, such as a SPECTRANETICS LEAD LOCKING
DEVICE (LLD™ model 518-018, 518-019, or 518-021)
and/or a suitable lead removal sheath or excimer laser
lead removal catheter, such as a SPECTRANETICS LA-
SER SHEATH (SLSII™ model 500-001, 500-012, or
500-013). The skilled artisan will recognize that additional
equipmentcan also be used in order to effectively remove
an implanted anchor device from within a patient.
[0055] Inmostsituations, itis not necessary to remove
the sensor from an implant site, however in some situa-
tions removal may be necessary. In general, the reasons
for removing the anchor and sensor assembly from its
position anchored to a septum wall might include: incor-
rect placement of the device, device failure, infections,
etc. As mentioned above, the hole through which the sen-
sor and anchor assembly 100 extends is preferably
formed by stretching a very small guidewire access hole.
Thus, upon removal of the sensor and anchor assembly
from the septum wall, the hole will typically substantially
collapse to a small size. In time, the hole will typically
heal on its own. If necessary, however any one of a
number of devices and systems for closing septal defects
can be used to substantially close a hole in the septum
wall.

[0056] Insome embodiments, itis desirable to provide
one or more radiopaque markers on one or more of the
system components in order to facilitate visualization of
the various system components under fluoroscopy dur-
ing deployment or retrieval procedures and/or to verify
correct placement of the anchor and sensor assembly
100 after deployment. Radiopaque markers can advan-
tageously allow a physician to visually confirm a location
of the device within a patient during placement and re-
trieval of the sensor assembly 100. As shown throughout
the Figures, in several embodiments, radiopaque mark-
ers can be applied to portions of one or more of the prox-
imal and distal anchors 110 and 112 (e.g. see markers
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200 in Figures 10-14), the delivery and/or retrieval cath-
eters 220 (e.g. see markers 225 in Figures 15-21, 32 and
33), the retrieval heads 252 (e.g. see markers 300 in
Figures 23 and 29), and the sensor itself. In some em-
bodiments, the sensor can comprise components made
of a sufficiently dense material, including but not limited
to zirconia ceramic materials, such that portions of the
sensor itself are radiopaque.

[0057] Radiopaque markers can be formed on the var-
ious system components by any suitable process or
method. For example, in some embodiments, the mark-
ers are plated orion deposited onto portions of the system
components. The radiopaque markers are preferably
placedin"low flexzones" of the system components such
as the tips of the distal anchor legs 124, the proximal ring
140 of the proximal anchor 112, and the return legs 258,
296 of the grasping hooks 254, 292. Generally, "low flex
zones" are portions of a device that experience substan-
tially minimal flexing or bending. This insures that the
materials used in the radiopaque markers do not nega-
tively affect the elasticity of the flexing sections, (e.g. the
flexing anchor legs) and also insures that the radiopaque
materials to not undesirably delaminate from the devices
within a patient due to differencesin ultimate strain values
of the materials of the anchor and the markers.

[0058] Radiopaque markers are typically made of no-
ble metals, such as gold, platinum/iridium, tantalum, etc.
In order to reduce the risk of galvanic corrosion which
can be experienced by dissimilar metals exposed to
blood, the radiopaque material can be selected to have
a galvanic corrosion potential that is substantially similar
to a galvanic corrosion potential of the material from
which the anchors, retrieval device(s) and/or the sensor
are made. For example, if the anchors 110, 112 are to
be made of NITINOL, the radiopaque markers 200 can
be made of tantalum to reduce the possibility of galvanic
corrosion. Alternatively, an electrically insulating or con-
formal coatings such as parylene or other biocompatible
synthetic material can be used to cover the radiopaque
markers in order to isolate the marker and/or other me-
tallic sections from exposure to the blood.

[0059] Several arrangements are set out in the follow-
ing numbered clauses.

1. An implantable device, comprising:

a proximal anchor having at least one helical leg
extending between a proximal ring and a distal
ring;

a distal anchor having at least one leg; and

an implant configured to be supported by the
proximal and distal anchors,

wherein the proximal and distal anchors arc con-
figured to be movable between a collapsed de-
livery position and an expanded position in
which the proximal and distal anchors secure
the implant to a wall of an organ within a patient.
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2. The device of clause 1, wherein the implant is a
diagnostic tool.

3. The device of clause 1, wherein the implant is a
therapeutic tool.

4. The device of clause 2, wherein the diagnostic
tool comprises apparatus operable to measure one
or more physiological parameters.

5. The device of clause 2, wherein the diagnostic
tool comprises apparatus operable to measure pres-
sure.

6. The device of clause 2, wherein the diagnostic
tool comprises apparatus operable to measure oxy-
gen levels.

7. The device of clause 2, wherein the diagnostic
tool comprises apparatus operable to measure elec-
trical activity.

8. The device of clause 3, wherein the therapeutic
tool comprises apparatus operable to deliver one or
more pharmaceutical agents to the patient.

9. The device of clause 3, wherein the therapeutic
tool comprises apparatus operable to deliver one or
more electrical signals to the patient.

10. The device of clause 1, wherein the implant is
selected from the group consisting of one or more
of the following: stimulating electrodes, ultrasound
transducers, drug delivery systems, pacing leads,
and electrocardiogram leads.

11. The device of clause 1, wherein the implant is a
sensor.

12. The device of clause 11, wherein the sensor is
a sensing electrode, oxygen partial pressure sensor
or an oxygen saturation sensor.

13. The device of clause 11, wherein the sensor is
a pressure sensor.

14. The device of clause 1, wherein said proximal
anchor comprises at least three legs.

15. The device of clause 1, wherein the at least one
proximal anchor leg passes through substantially a
whole number of complete circles between the prox-
imal ring and the distal ring of the proximal anchor.
16. The device of clause 1, wherein said at least one
proximal anchor leg has a lower spring force than
said at least one distal anchor leg.

17. The device of clause 16, wherein the proximal
anchor leg and the distal anchor leg are configured
to secure the implant to organ walls with varying
thicknesses.

18. The device of clause 1, wherein said anchoring
device is made from a biocompatible material select-
ed from the group consisting of: nickel titanium al-
loys, stainless steel, ELGILOY, and MP35N.

19. The device of clause 11, wherein the sensor com-
prises a pressure sensing face configured to meas-
ure afluid pressure in aleft atrium of a patient’s heart.
20. The device of clause 19, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is substan-
tially coplanar with a distal side of an atrial septum
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wall.

21. The device of clause 19, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is spaced
distally from a plane of a distal side of an atrial septum
wall.

22. The device of clause 19, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is spaced
proximally from a plane of an atrial septum wall.
23. The device of clause 1, wherein the proximal
anchor, the distal anchor and the implant comprise
interlocking structures configured to rigidly secure
the proximal anchor, the distal anchor and the im-
plant to one another.

24. The device of clause 11, wherein the sensor is
configured to attach to an electrical lead.

25. The device of clause 1, wherein at least one
member of the group consisting of the proximal an-
chor, the distal anchor and the implant comprises
one or more radiopaque markers configured to facil-
itate visualization under fluoroscopy.

26. The device of clause 25, wherein a portion of an
element comprising said one or more radiopaque
markers is coated with a polymeric material adapted
to prevent galvanic corrosion.

27. The device of clause 25, wherein said one or
more radiopaque markers are placed in low flex
zones.

28. The device of clause 27, wherein tips of the at
least one distal anchorleg comprise said one ormore
radiopaque markers.

29. The device of clause 27, wherein the proximal
ring of the proximal anchor comprises said one or
more radiopaque markers.

30. The device of clause 27, wherein the distal ring
of the proximal anchor comprises said one or more
radiopaque markers.

31. Thedevice of clause 11, wherein the sensor com-
prises a cylindrical body with at least one annular
groove configured to engage a portion of the proxi-
mal anchor or a portion of the distal anchor in order
to retain the proximal or distal anchor against axial
movement relative to the sensor.

32. The device of clause 1, wherein the distal anchor
comprises a plurality of legs comprising slots config-
ured to promote tissue overgrowth.

33. A system for diagnosing and/or treating a condi-
tion in a patient, the system comprising:

an implant configured to be implanted within a
patient;

a proximal anchor comprising atleast one helical
leg configured to expand from a compressed
state to a relaxed state;

a distal anchor comprising at least one leg con-
figured to expand from a compressed state to
an expanded state;
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wherein the proximal anchor and the distal an-
chor are configured to sandwich an atrial septum
wall between the at least one proximal anchor
leg and the at least one distal anchor leg and to
support the implant in the septum wall; and

a delivery catheter configured to deploy the im-
plant, the proximal anchor, and the distal anchor
in the septum wall.

34. The system of clause 33, wherein the implant is
a diagnostic tool.

35. The system of clause 34, wherein the diagnostic
tool comprises apparatus operable to measure one
or more parameters selected from the group consist-
ing of: pressure, oxygen and electrical activity.

36. The system of clause 33, wherein the implant is
a therapeutic tool.

37.The system of clause 36, wherein the therapeutic
tool comprises apparatus operable to deliver one or
more pharmaceutical agents to the patient.

38. The system of clause 36, wherein the therapeutic
tool comprises apparatus operable to deliver one or
more electrical pulses to the patient.

39. The system of clause 33, wherein the proximal
anchor further comprises a proximal ring and a distal
ring attached to opposite ends of the at least one
helical leg.

40. The system of clause 34, further comprising a
retrieval device configured to grasp the proximal ring
of the proximal anchor in the relaxed state, and to
retract the proximal ring of the proximal anchor prox-
imally relative to the distal ring, thereby returning the
proximal anchor to the compressed state.

41. The system of clause 40, wherein the retrieval
device comprises a cylindrical body with a plurality
of distally-extending grasping hooks.

42. The system of clause 40, wherein the retrieval
device comprises a distal ring with at least one dis-
tally-extending grasping hook, a proximal ring, and
at least one helical leg extending between the prox-
imal ring and the distal ring.

43. The system of clause 33, wherein the retrieval
device comprises a push/pull ribbon.

44. The system of clause 33, wherein the retrieval
head comprises an internal diameter configured to
allow the retrieval head to pass over a sensor lead.
45. The system of clause 33, wherein said proximal
anchor comprises at least three legs.

46. The system of clause 33, wherein the at least
one proximal anchor leg passes through substantial-
ly a whole number of complete circles between the
proximal ring and the distal ring of the proximal an-
chor.

47. The system of clause 33, wherein said at least
one proximal anchor leg has a lower spring force
than said at least one distal anchor leg.

48. The system of clause 47, wherein the at least
one proximal anchor leg and the at least one distal
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anchor leg are configured to secure the implant to
organ walls with varying thicknesses.

49. The system of clause 33, wherein said anchoring
device is made from a biocompatible material select-
ed from the group consisting of: nickel titanium al-
loys, stainless steel, ELGILOY, and MP35N.

50. The system of clause 33, wherein the implant
comprises a pressure sensor with a pressure sens-
ing face configured to measure a fluid pressure in a
left atrium of a patient’s heart.

51. The system of clause 50, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is substan-
tially coplanar with a distal side of an atrial septum
wall.

52. The system of clause 50, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is spaced
distally from a plane of a distal side of an atrial septum
wall.

53. The system of clause 50, wherein the proximal
and distal anchors are configured to support the sen-
sor such that the pressure sensing face is spaced
proximally from a plane of an atrial septum wall.
54. The system of clause 33, wherein the proximal
anchor, the distal anchor and the implant comprise
interlocking structures configured to rigidly secure
the proximal anchor, the distal anchor and the im-
plant to one another.

55. The system of clause 33, wherein the implant is
configured to attach to an electrical lead.

56. The system of clause 33, wherein at least one
member of the group consisting of the proximal an-
chor, the distal anchor and the implant comprises a
radiopaque marker configured to facilitate visualiza-
tion under fluoroscopy.

57. The system of clause 56, wherein a portion of an
element comprising a radiopaque marker is coated
with a polymeric material adapted to prevent galvan-
ic corrosion.

58. The system of clause 56, wherein the radiopaque
marker is placed in one or more low flex zones.

59. The system of clause 58, wherein the at least
one distal anchor leg comprises the radiopaque
marker.

60. The system of clause 56, wherein the proximal
ring and/or the distal ring of the proximal anchor com-
prise the radiopaque marker.

61. The system of clause 33, wherein the implant
comprises a sensor.

62. The system of clause 33, wherein the implant
comprises a pressure sensor having a cylindrical
body with at least one annular groove configured to
engage a portion of the proximal anchor or a portion
of the distal anchor in order to retain the proximal or
distal anchor against axial movement relative to the
sensor.

63. The system of clause 33, wherein the distal an-
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chor comprised plurality of legs having slots config-
ured to promote tissue overgrowth.

64. A system for monitoring a patient for congestive
heart failure, the system comprising:

an implantable pressure sensor;

means for contacting a proximal wall and a distal
wall of an organ to anchor said pressure sensor
to the organ wall.

65. The system of clause 64, further comprising a
means for delivering said implantable sensor and
said means for contacting to said organ wall.

66. The system of clause 65, further comprising a
means for retrieving said implantable pressure sen-
sor from the organ wall.

67. A method of monitoring congestive heart failure
in a patient, the method comprising:

providing a pressure sensor secured to a prox-
imal anchor and a distal anchor;

delivering the pressure sensor to a hole in an
atrial septum of the patient’s heart;

deploying the pressure sensor with the proximal
anchor on a proximal side of the septum, and
the distal anchor on a distal side of the septum;
and

monitoring a fluid pressure in the left atrium of
the patient’s heart.

68. The method of clause 67, further comprising ori-
enting a sensor face of the pressure sensor to be
substantially coplanar with a left atrium side surface
of the atrial septum wall.

69. The method of clause 67, further comprising ori-
enting a sensor face of the pressure sensor to extend
beyond the atrial septum into a left atrium of the
heart.

70. The method of clause 67, further comprising ori-
enting a sensor face of the pressure sensor to be
proximally recessed with respect to a left atrium side
surface of the atrial septum wall.

71. The method of clause 67, wherein deploying the
sensor comprises expanding the proximal and distal
anchors to compress the atrial septum wall between
the proximal anchor and the distal anchor.

72. A method of monitoring congestive heart failure
within a patient, the method comprising:

providing an implantable pressure sensor;
coupling said implantable pressure sensor to a
means for anchoring said pressure sensor in an
organ wall;

delivering said pressure sensor and said means
for anchoring to said organ wall; and

causing said means for anchoring said pressure
sensor in said organ wall to expand, thereby
capturing said organ wall.
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73. The method of clause 72, further comprising re-
moving said pressure sensor and said means for an-
choring from said organ wall.
74. A method of anchoring a device in the heart of a
mammal using an implantable cardiac anchoring de-
vice, the method comprising:

providing an implantable cardiac anchoring de-
vice comprising a proximal anchor having at
least one helical leg and a distal anchor having
at least one linear leg;

attaching an implant to the implantable cardiac
anchoring device;

positioning a tubular delivery catheter in a wall
of a patient’s heart;

inserting said implant and said implantable car-
diac anchoring device into said tubular delivery
catheter; and

deploying said implant and said implantable car-
diac anchoring device such that said implant is
retained in the wall.

75. The method of clause 74, wherein attaching an
implant further comprises providing a diagnostic tool
or therapeutic tool.

76. The method of clause 74, wherein attaching an
implant further comprises providing apparatus se-
lected from the group consisting of one or more of
the following: sensors, stimulating electrodes, ultra-
sound transducers, drug delivery systems, pacing
leads, and electrocardiogram leads.

77. The method of clause 74, wherein attaching an
implant comprises providing a pressure sensor hav-
ing a pressure sensing face.

78. The method of clause 74, wherein said providing
an implantable cardiac anchoring device comprises
placing said anchoring device into a lumen of a de-
livery catheter and advancing said cardiac anchoring
device through said lumen to a distal end of the de-
livery catheter.

79. The method of clause 78, wherein deploying said
implant comprises withdrawing said delivery cathe-
ter while holding said anchoring device in a desired
location, said anchoring device being configured to
relax to an expanded shape in which the anchoring
device is secured in a desired location within a pa-
tient.

80. The method of clause 74, wherein providing an
implantable cardiac anchoring device comprises in-
serting said anchoring device into said delivery cath-
eter in a first compressed shape, and wherein said
deploying comprises expanding said anchoring de-
vice to a second expanded shape.

81. The method of clause 74, wherein attaching said
implant to said implantable cardiac anchoring device
comprises providing at least one locking tab extend-
ing from the implantable cardiac anchoring device
and configuring the tab to engage in an annular
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groove in the implant.

82. The method of clause 75, wherein deploying said
sensor comprises orienting a sensor face to be sub-
stantially coplanar with a surface of the wall.

83. The method of clause 75, wherein deploying said
sensor comprises orienting a sensor face to be lo-
cated distally from a surface of the wall.

84. The method of clause 75, wherein deploying said
sensor comprises orienting a sensor face to be lo-
cated proximally to a surface of the wall.

85. The method of clause 75, wherein deploying the
sensor comprises anchoring said pressure sensor
in an atrial septum wall so as to measure a fluid pres-
sure in the left atrium of the heart.

86. The method of clause 74, further comprising pro-
viding one or more radiopaque markers on the de-
livery catheter, the proximal anchor, and the distal
anchor; and wherein the markers are employed dur-
ing said deploying so as to facilitate visualization of
the delivery catheter, the proximal anchor, and the
distal anchor.

87. The method of clause 74, further comprising pro-
moting tissue overgrowth by providing slots in the at
least one leg of said distal anchor.

88. Aretrieval device configured to retrieve a cardiac
anchoring device from a position deployed in a wall
of an organ within a patient, the retrieval device com-
prising:

a retrieval head comprising a plurality of grasp-
ing hooks extending from a distal end thereof;
a ribbon of sufficient length to extend from a re-
trieval location within a patient to a location out-
side of a patient; and

wherein the grasping hooks are configured to
engage a proximal ring of a proximal anchor.

89. The retrieval device of clause 88 wherein the
grasping hooks comprise return legs oriented so as
to be substantially perpendicular to a longitudinal ax-
is of the retrieval device.

90. The retrieval device of clause 88, wherein the
grasping hooks comprise return legs oriented so as
to be substantially parallel to a longitudinal axis of
the retrieval device.

91. The retrieval device of clause 88, wherein the
retrieval head comprises a substantially cylindrical
body with an axial slot configured to permit the di-
ameter of the cylindrical body to increase or de-
crease.

92. The retrieval device of clause 88, wherein the
retrieval head comprises an internal diameter con-
figured to allow the retrieval head to pass over a sen-
sor lead.

93. The retrieval device of clause 88, wherein the
retrieval head comprises a plurality of helical legs
extending between a proximal ring and a distal ring,
and wherein the grasping hooks extend distally from
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the distal ring.

94. The retrieval device of clause 93, wherein the
helical legs pass through a substantially whole
number of complete circles between the proximal
and distal rings.

95. A method of retrieving a cardiac anchoring device
from a heart of a patient using a retrieval device, the
method comprising:

placing a retrieval device in a delivery catheter,
the retrieval device comprising a retrieval head
with a plurality of distally-extending grasping
hooks and a control ribbon attached to the re-
trieval device;

guiding said delivery catheter into a position ad-
jacent an sensor device anchored to a wall of
the patient’s heart;

engaging a proximal ring of a proximal anchor
secured to said sensor device;

pulling said proximal ring of said proximal anchor
into said delivery catheter;

holding the sensor device stationary while pull-
ing the retrieval device, the proximal ring of the
proximal anchor and the delivery catheter prox-
imally, thereby returning an anchor leg of said
proximal anchor to a compressed position;
advancing said delivery catheter distally while
holding the proximal anchor and the sensor de-
vice stationary to compress atleast one expand-
ed leg of the distal anchor attached to the sensor
device;

pulling the sensor device, the proximal anchor
and the distal anchor completely into the lumen
of the delivery catheter; and

removing said delivery catheter from the patient.

[0060] The apparatus and methods of the present in-
vention may be embodied in other specific forms and for
other applications without departing from the scope
thereof. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive.
[0061] Although certain embodiments and examples
have been described herein, it will be understood by
those skilled in the art that many aspects of the methods
and devices shown and described in the present disclo-
sure may be differently combined and/or modified to form
still further embodiments. Additionally, it will be recog-
nized that the methods described herein may be prac-
ticed using any device suitable for performing the recited
steps. Such alternative embodiments and/or uses of the
methods and devices described above and obvious mod-
ifications and equivalents thereof are intended to be with-
in the scope of the present disclosure. Thus, itis intended
that the scope of the present invention should not be
limited by the particular embodiments described above.
[0062] Additionally, the skilled artisan will recognize
that the embodiments of anchoring devices and methods
described herein may be advantageously applied for an-

EP 1 549 394 B1

10

15

20

25

30

35

40

45

50

55

14

26

choring any other diagnostic and/or therapeutic implant
to a wall of any organ within a patient In addition to sen-
sors, suchimplants include, but are not limited to, sensing
and stimulating electrodes, ultrasound transducers, drug
delivery systems, pacing leads, electrocardiogram leads,
oxygen partial pressure sensors, oxygen saturation sen-
sors, or any other device that one desires to securely
anchor to a wall of an internal organ. It will also be ap-
parent to one skilled in the art that the field of use of the
embodiments of devices and methods described herein
extends beyond the specific condition of heart failure to
any cardiovascular condition or other condition in a med-
ical patient where a device is implanted through a wall
of a chamber or vessel is affixed to a wall of that chamber
of vessel.

Claims
1. Animplantable device, comprising:

a proximal anchor (112);

a distal anchor (122) having at least one leg
(124); and

an implant (120) configured to be supported by
the proximal and distal anchors,

wherein the proximal and distal anchors are con-
figured to be movable between a collapsed de-
livery position and an expanded position in
which the proximal and distal anchors secure
the implant to a wall of an organ within a patient:

characterised by the proximal anchor hav-
ing a proximal ring (140) and a distal ring
(142) and atleast one anchor leg (144) con-
figured to follow a helical path between the
proximal ring and the distal ring in the col-
lapsed delivery position.

2. The implantable device of Claim 1, wherein the im-
plant is a diagnostic tool.

3. The implantable device of Claim 1, wherein the im-
plant is a therapeutic tool.

4. The implantable device of Claim 2, wherein the di-
agnostic tool comprises apparatus operable to
measure one or more physiological parameters
comprising pressure, oxygen level or electrical ac-
tivity.

5. Theimplantable device of Claim 3, wherein the ther-
apeutic tool comprises apparatus operable to deliver
one or more pharmaceutical agents or electrical sig-
nals to the patient.

6. The implantable device of any one of Claims 1 to 5,
wherein said proximal anchor comprises at least
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three legs.

The implantable device of any one of Claims 1 to 6,
wherein said at least one proximal anchor leg has a
lower spring force than said at least one distal anchor

leg.

The implantable device of any one of Claims 1 to 7,
wherein at least one member of the group consisting
of the proximal anchor, the distal anchor and the im-
plant comprises one or more radiopaque markers
configured to facilitate visualization under fluorosco-

py.

The implantable device of Claim 8, wherein a portion
of an element comprising said one or more radio-
paque markers is coated with a polymeric material
adapted to prevent galvanic corrosion.

The implantable device of any one of Claims 1 to 9,
wherein the distal anchor comprises a plurality of
legs comprising slots (126) configured to promote
tissue overgrowth.

The implantable device of any one of Claims 1 to 10,
further comprising:

a delivery catheter configured to deploy the im-
plant, the proximal anchor, and the distal anchor
in the wall of the organ of the patient.

The implantable device of any one of Claims 1 to 11,
further comprising a retrieval device configured to
grasp the proximal ring of the proximal anchor in the
relaxed state, and to retract the proximal ring of the
proximal anchor proximally relative to the distal ring,
thereby returning the proximal anchor to the com-
pressed state.

The implantable device of Claim 12, wherein the re-
trieval device comprises:

a retrieval head comprising a plurality of grasp-
ing hooks (254) extending from a distal end
thereof;

a ribbon of sufficient length to extend from a re-
trieval location within a patient to a location out-
side of a patient; and

wherein the grasping hooks are configured to
engage a proximal ring of a proximal anchor.

The implantable device of any one of Claims 1to 13,
wherein at least said proximal anchor or said distal
anchor is made from a biocompatible material se-
lected from the group consisting of one or more of
the following: a nickel titanium alloy, stainless steel,
ELGILOY, and MP35N.
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The implantable device of Claim 1, wherein the im-
plant comprises a pressure sensor with a pressure
sensing face configured to measure a fluid pressure
in a left atrium of a patient’s heart.

The implantable device of Claim 15, wherein the
proximal and distal anchors are configured to sup-
port the sensor such that the pressure sensing face
is substantially coplanar with a distal side of an atrial
septum wall, spaced distally from a plane of a distal
side of an atrial septum wall or spaced proximally
from a plane of an atrial septum wall.

Patentanspriiche

1.

Implantierbare Vorrichtung, die aufweist:

einen proximalen Anker (112),

einen distalen Anker (122) mit zumindest einem
Bein (124), und

ein Implantat (120), das konfiguriert ist, um von
dem proximalen und dem distalen Anker getra-
gen zu werden,

wobei der proximale und der distale Anker kon-
figuriert sind, um zwischen einer Zusammenge-
zogenen Zufiihrposition und einer weiteren Po-
sition, in der der proximale und der distale Anker
das Implantat an einer Wand eines Organs in-
nerhalb eines Patienten sichern, bewegbar ist:

dadurch gekennzeichnet, dass der pro-
ximale Anker einen proximalen Ring (140)
und einen distalen Ring (142) und zumin-
dest ein Ankerbein (144) hat, das konfigu-
riert ist, um einen spiralférmigen Pfad zwi-
schen dem proximalen Ring und dem dista-
len Ring in der zusammengezogenen Zu-
fihrungsposition zu folgen.

Implantierbare Vorrichtung nach Anspruch 1, bei
dem das Implantat ein diagnostisches Werkzeug ist.

Implantierbare Vorrichtung nach Anspruch 1, bei der
das Implantat ein therapeutisches Werkzeug ist.

Implantierbare Vorrichtung nach Anspruch 2, bei
dem das diagnostische Werkzeug eine Vorrichtung
aufweist, die betreibbar ist, um ein oder mehrere
physiologische Parameter zu messen, die Druck,
Sauerstoffniveau oder elektrische Aktivitat umfas-
sen.

Implantierbare Vorrichtung nach Anspruch 3, wobei
das therapeutische Werkzeug eine Vorrichtung auf-
weist, die betreibbar ist, um ein oder mehrere phar-
mazeutische Mittel oder elektrische Signale zu dem
Patient zu liefern.
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Implantierbare Vorrichtung nach einem der Anspri-
che 1 bis 5, wobei der proximale Anker zumindest
drei Beine aufweist.

Implantierbare Vorrichtung nach einem der Anspri-
che 1 bis 6, wobei das zumindest eine proximale
Ankerbein eine geringere Federkraft hat als das zu-
mindest eine distale Ankerbein.

Implantierbare Vorrichtung nach einem der Anspri-
che 1bis 7, bei dem zumindest ein Element der Grup-
pe bestehend aus dem proximalen Anker, dem di-
stalen Anker und dem Implantat ein oder mehrere
rontgendichte Marker aufweist, die konfiguriert sind,
um die Visualisierung bei der Radioskopie zu unter-
stutzen.

Implantierbare Vorrichtung nach Anspruch 8, bei der
ein Abschnitt eines Element, welches ein oder meh-
rere rontgendichte Marker aufweist, mit einem poly-
merischen Material beschichtet ist, das angepasst
ist, um galvanische Korrosion zu verhindern.

Implantierbare Vorrichtung nach einem der Anspri-
che 1 bis 9, bei der der distale Anker eine Mehrzahl
von Beinen aufweist, die Schlitze (126) aufweisen,
die konfiguriert sind, um ein Uberwachsen des Ge-
webe zu verstarken.

Implantierbare Vorrichtung nach einem der Anspri-
che 1 bis 10, die weiterhin aufweist:

einen Zufuhrungskatheter, der konfiguriert ist,
um das Implantat, den proximalen Anker und
den distalen Anker in der Wand eines Organs
des Patienten einzusetzen.

Implantierbare Vorrichtung nach einem der Anspru-
che 1 bis 11, die weiterhin aufweist eine Rettungs-
vorrichtung, die konfiguriert ist, um den proximalen
Ring des proximalen Ankers in dem relaxierten Zu-
stand zu greifen und den proximalen Ring des pro-
ximalen Ankers in Richtung zu dem distalen Ring
zuriickzuziehen, wodurch der proximale Anker in
den komprimierten Zustand zurlckkehrt.

Implantierbare Vorrichtung nach Anspruch 12, bei
der die Rettungsvorrichtung aufweist:

einen Rettungskopf, der eine Mehrzahl von
Greifhaken (254) aufweist, die sich von einem
distalen Ende hiervon wegerstrecken,

eine Rippe von gentigender Lange, um sich von
einem Ruickholort innerhalb eines Patienten zu
einem Ort aufRerhalb eines Patienten zu erstrek-
ken, und

wobei die Greifhaken konfiguriert sind, um mit
einem proximalen Ring eines proximalen An-
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kers in Eingriff zu treten.

Implantierbare Vorrichtung nach einem der Anspri-
che 1 bis 13, bei der zumindest der proximale Anker
oder der distale Anker aus einem biokompatiblen
Material hergestellt sind, das ausgewahlt ist aus der
Gruppe, die eine oder mehrere der Folgenden ent-
halt: Nickeltitanlegierung, rostfreier Stahl, ELGILOY
und MP35N.

Implantierbare Vorrichtung nach Anspruch 1, wobei
das Implantat einen Drucksensor mit einer drucker-
fassende Flache aufweist, die konfiguriert ist, um ei-
nen Fluiddruck in einem linken Vorhof eines Herzens
eines Patienten zu messen.

Implantierbare Vorrichtung nach Anspruch 15, bei
der der proximale und der distale Anker konfiguriert
sind, um den Sensor zu tragen, so dass die drucker-
fassende Flache im Wesentlichen komplanar mit ei-
ner distalen Seite einer Vorhofseptumwand liegt und
distal von einer Ebene einer distalen Seite einer Vor-
hofseptumwand oder proximal von einer Ebene ei-
ner Vorhofseptumwand beabstandet ist.

Revendications

1.

Dispositif implantable, comportant :

un moyen d’ancrage proximal (112) ;
un moyen d’ancrage distal (122) ayant au moins
une jambe (124) ; et
un implant (120), configuré pour étre soutenu
par les moyens d’ancrage proximal et distal,
dans lequel les moyens d’ancrage proximal et
distal sont configurés pour étre mobiles entre
une position de fourniture repliée et une position
déployée dans laquelle les moyens d’ancrage
proximal et distal fixent I'implant a une paroi d’un
organe au sein d’un patient ;
caractérisé en ce que le moyen d’ancrage
proximal (112) a un anneau proximal (140) et
un anneau distal (142) et au moins une jambe
d’ancrage (144) configurée pour suivre un trajet
sous forme d’hélice entre 'anneau proximal et
'anneau distal dans la position de fourniture re-
pliee.

Dispositif implantable selon la revendication 1, dans

lequel I'implant est un outil diagnostique.

Dispositifimplantable selon la revendication 1, dans
lequel 'implant est un outil thérapeutique.

Dispositif implantable selon la revendication 2, dans
lequel I'outil diagnostique comprend un appareillage
capable de mesurer un ou plusieurs paramétres phy-
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siologiques incluant la pression, le niveau d’oxygéne
ou l'activité électrique.

Dispositifimplantable selon la revendication 3, dans
lequel I'outil thérapeutique comprend un appareilla-
ge capable de fournir un ou plusieurs agents phar-
maceutique ou signaux électriques au patient.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a 5, dans lequel ledit moyen d’ancra-
ge proximal comprend au moins trois jambes.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a 6, dans lequel ladite au moins une
jambe d’ancrage proximale posséde une force de
ressort inférieure a celle de ladite au moins jambe
d’ancrage distale.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a7, dans lequel au moins un membre
du groupe constitué du moyen d’ancrage proximal,
du moyen d’ancrage distal et de I'implant comprend
un ou plusieurs marqueurs radio-opaques configu-
rés pour faciliter la visualisation sous examen fluo-
roscopique.

Dispositifimplantable selon la revendication 8, dans
lequel une portion d’'un élément comprenant ledit(s)
un ou plusieurs marqueurs radio-opaques est ou
sont revétu(s) d’'un matériau polymére propre a em-
pécher la corrosion galvanique.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a 9, dans lequel le moyen d’ancrage
distal comprend une pluralité de jambes comportant
des fentes (126) configurées pour promouvoir la sur-
croissance des tissus.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a 10, comprenant en outre :

un cathéter de fourniture configuré pour dé-
ployer I'implant, le moyen d’ancrage proximal et
le moyen d’ancrage distal dans la paroi de I'or-
gane du patient.

Dispositifimplantable selon 'une quelconque des re-
vendications 1 a 11, comportant en outre un dispo-
sitif de récupération configuré pour saisir 'anneau
proximal du moyen d’ancrage proximal a I'état rela-
ché, et pour rétracter 'anneau proximal du moyen
d’ancrage proximal, relatif de maniére proximale a
I'anneau distal, en ramenant ainsile moyen d’ancra-
ge proximal a I'état comprimé.

Dispositif implantable selon la revendication 12,
dans lequel le dispositif de rétraction comporte :
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une téte de récupération comprenant une plu-
ralité de crochets de préhension (254) se pro-
longeant a partir d'une extrémité distale de ces
derniers ;

un ruban d’une longueur suffisante a se prolon-
ger d’'un emplacement de récupération au sein
d’'un patient a un emplacement a I'extérieur du
patient; et

dans lequel les crochets de préhension sont
configurés pour entrer en prise avec un anneau
proximal d’'un moyen d’ancrage proximal.

Dispositifimplantable selon'une quelconque des re-
vendications 1 a 13, dans lequel ledit au moins un
moyen d’ancrage proximal ou ledit moyen d’ancrage
distal est fait d’'un matériau biocompatible sélection-
né parmi le groupe d’'un ou de plusieurs des maté-
riaux suivants : un alliage nickel titane, I'acier inoxy-
dable, les alliages ELGILOY et MP35N.

Dispositif implantable selon la revendication 1, dans
lequel l'implant comporte un capteur de pression
ayant une face de détection de la pression configu-
rée pour mesurer une pression de fluide dans une
oreillette gauche du coeur d'un patient.

Dispositif implantable selon la revendication 15,
dans lequel les moyens d’ancrage proximal et distal
sont configurés pour soutenir le capteur de telle sorte
que la face de détection de la pression soit substan-
tiellement coplanaire avec le c6té distal d’'une paroi
de septum inter auriculaire, placé a distance d’'un
plan d’un c6té distal d’une paroi de septum inter auri-
culaire ou placé au voisinage d’un plan d'une paroi
de septum inter auriculaire.
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