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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to de-
vices for analysis and treatment of the heart and more
particularly to a multimodality device for left atrial append-
age occlusion.

BACKGROUND OF THE RELATED ART

[0002] Atrial fibrillation (AF) is the leading cause of
strokes due to thrombi (e.g., blood clots) that predomi-
nantly form in the left atrial appendage (LAA) and then
subsequently embolize.
[0003] There are, of course, a number of treatments
to prevent, or more accurately reduce the risk of, stroke.
But the treatments are lacking. For example, although
systemic anticoagulation using warfarin has been used
to minimize the risk of stroke, warfarin is nonetheless
associated with a 0.5-1% per year risk of major bleeding
including intracranial bleeding. Furthermore, not all pa-
tients are eligible to take warfarin due to risk of bleeding.
More importantly, patients at highest risk for strokes often
are also at highest risk of bleeding and cannot take war-
farin.
[0004] Document US 6,551,303 B1 discloses a mem-
brane or plug structure applied to the ostium of an atrial
appendage for preventing blood flow and physical con-
nection between an atrium of the heart and the associ-
ated atrial appendages to isolate an atrial appendage
and prevent thrombus leaving therefrom.
[0005] There is need for a device that will effectively
prevent thrombi formation and embolism, and preferably
provide additional functionality to treat a patient experi-
encing AF.

SUMMARY OF THE INVENTION

[0006] The present application describes an apparatus
that hinders or even prevents thrombus buildup in the
first instance. The apparatus not only occludes the LAA,
the apparatus eliminates the potential space within the
LAA where thrombus formation could form. Numerous
examples are described, but principally, an occlusion de-
vice is used to block the orifice opening of the LAA, i.e.,
the ostium, where the occlusion device is configured to
allow injection of a biocompatible, inert material into the
LAA during implantation. This material is used to fill the
LAA acting as a bulking agent. The material may be in-
jected directly into the LAA or in an expandable balloon
within the LAA and is maintained in a liquid phase during
implantation, which allows the material to better fill the
entire LAA volume. In some examples, the occlusion de-
vice caps the fluid preventing it from spilling out of the
LAA, and thus avoiding the possibility of embolism. In
other examples, the fluid levels are monitored during in-
sertion to prevent spillover. Either way, preferably the

material is maintained in the liquid phase throughout in-
sertion and then actively converted it into a solid phase
by a controllable mechanism, such as application of a
catalyst material into the LAA that induces a solid phase
in the material or application of an electrical current, ra-
diofrequency energy, heat, light, etc that solidifies the
material. In other examples, the transition from liquid
phase to solid phase occurs naturally over time, in re-
sponse to body temperature, or in response to blood en-
tering the LAA. In some examples, the biocompatible,
inert material is conductive.
[0007] The device includes a delivery catheter through
which the apparatus is deployed, including the occlusion
device and the inert material. The occlusion device may
take the form of an umbrella, butterfly or a balloon design
to include the orifice of the LAA during deployment.
[0008] In some examples, the apparatus also includes
a MEMS transponder unit, which is deployed into the LAA
before, during, or after injection of the biocompatible ma-
terial, and then retained in the material after hardening
to the solid phase. The transponder serves to record and
transmit electrical activity of the LAA, either through con-
ductive media or by direct contact to the LAA wall. The
transponder may record electrical activity and electro-
grams, pressure, transthoracic impedance, temperature,
pH, oxygen saturation. The recorded values are then
transmitted wirelessly to an interface communications
device, which may be located internally, within the body,
or external to the body, and which performs preprocess-
ing on the signals from the transponder, such as, band-
width filtering, noise reduction, and signal amplification.
In some examples, the interface device performs prelim-
inary analysis of the received signal, e.g., converting raw
signal data into numerically representative form.
[0009] The transponder is preferably self-powered,
through a rechargeable power unit that may be recharged
inductively using the interface device or other device.
[0010] An embodiment of the present invention is an
implantable apparatus for blocking a left atrial append-
age, the apparatus comprising: an occlusion device hav-
ing a positioning stage in which the occlusion device is
collapsed for positioning the occlusion device at an open-
ing of the left atrial appendage, the occlusion device hav-
ing a cover that in a deployed stage encloses the opening
and a strut support structure that in a deployed stage
fixedly engage the cover to enclose the opening; and a
transponder unit configured to sense a physiological con-
dition, the transponder unit having a wireless transmitter
for transmitting reporting signals indicating the sensed
physiological condition, the transponder unit is connect-
ed to the strut support structure such that in the deployed
stage the strut support structure maintains engagement
with the transponder unit and positions the transponder
unit within the left atrial appendage for sensing the phys-
iological condition within the left atrial appendage.
[0011] In another embodiment, an implantable appa-
ratus for blocking a left atrial appendage comprises: an
occlusion device having a positioning stage in which the
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occlusion device is collapsed for positioning the occlu-
sion device at an opening of the left atrial appendage,
the occlusion device having a cover that in a deployed
stage encloses the opening and a strut support structure
that in a deployed stage fixedly engages the cover to
enclose the opening; a transponder unit configured to
sense a plurality of physiological conditions and config-
ured to wirelessly transmit sensed measurements of the
physiological conditions to an external receiver; and a
biocompatible, inert material in liquid phase inserted into
the left atrial appendage, wherein the biocompatible, inert
material freely suspends the transponder unit within the
left atrial appendage.
[0012] The features, functions, and advantages can be
achieved independently in various embodiments of the
present invention or may be combined in yet other em-
bodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 illustrates an implantable apparatus for block-
ing the left atrial appendage, showing an implanted
transponder, interface communication unit, and port-
able control device, in accordance with an example;

FIG. 2A is block diagram of an example transponder
unit as may be used in the implantable apparatus of
FIG. 1;

FIG. 2B is block diagram of another example trans-
ponder unit as may be used in the implantable ap-
paratus of FIG. 1;

FIG. 3A illustrates the deployment stage of an im-
plantable apparatus for blocking the left atrial ap-
pendage, with the apparatus implanted in direct con-
tact with an inner wall of the LAA;

FIG. 3B illustrates the deployment stage of an im-
plantable apparatus for blocking the left atrial ap-
pendage, with the apparatus implanted suspended
within the LAA out of direct contact with an inner wall;

FIG. 3C illustrates the deployment stage of an im-
plantable apparatus for blocking the left atrial ap-
pendage, with the apparatus implanted suspended
in the LAA by a strut support structure of an occlusion
device;

FIG. 3D illustrates another example of the deploy-
ment stage of an implantable apparatus for blocking
the left atrial appendage;

FIG. 4 illustrates a process for deploying an implant-
able apparatus for blocking the left atrial appendage;

FIG. 5 illustrates a process for treating atrial fibrilla-
tion or atrial flutter ;

FIGS. 6A - 6G illustrate various example occlusion
devices that may be used in the apparatus of claim
1 to close off the ostium of the LAA;

DESCRIPTION OF DETAILED EXAMPLES

[0014] Fig. 1 illustrates an implantable apparatus 100
for blocking a left atrial appendage 102 of the heart 104.
The apparatus includes an implanted transponder unit
106, an interface communication unit 108, and portable
control device 110.
[0015] The transponder unit 106 has a sensing mode
in which the device senses one or more physiological
conditions that are detectable within the LAA. Different
embodiments will provide sensing of one or more phys-
iological conditions. These physiological conditions in-
clude rhythm of the atria, pressure, transthoracic imped-
ance, temperature, oxygen saturation, pH, etc.
[0016] A sensing mode that senses pressure within the
LAA indicates left ventricular filling pressures. Analyzing
these pressure measurements, healthcare professionals
may diagnose whether the patient is developing heart
failure or there is contractile dysfunction of the heart.
[0017] A sensing mode that senses transthoracic im-
pedance indicates the impedance across the chest wall.
This impedance is reduced with fluid build up in the lungs
and thus suggestive of heart failure. The sensed imped-
ance may be automatically or manually compared to pre-
vious impedance measurements, for example, to deter-
mine change over time.
[0018] A sensing mode that sensing temperature indi-
cates core body temperature. From the measurement,
healthcare professionals may diagnose any febrile ill-
ness.
[0019] A sensing mode that records electrograms with-
in the LAA can enable immediate diagnosis of whether
the patient is in sinus rhythm or AF. In some examples,
the transponder unit 106 senses heart rhythms longitu-
dinally so that arrhythmia burden can be defined over a
period of time. The data may be stored on an optional
local memory 179 of the transponder unit 106, see Fig.
2A, or may be stored in a remote interface or controller
as discussed further below.
[0020] In the illustrated example, the transponder unit
106 is a multimodal device capable of sensing in each
mode. The sensing measurements may be made at pe-
riodic intervals, but are typically performed continuously.
Furthermore, a control unit 110 with the transponder unit
106 is programmed to automatically alert the patient
and/or physician if any of the measured physiological
conditions reach a threshold level or otherwise indicate
a warning condition for the patient. Such automatic de-
tection and alert, based on the measured values from
the transponder unit 106, is valuable because ~30% of
patients with AF may be asymptomatic. Timely diagnosis
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of AF can be critically important to prevent thromboem-
bolic complications such as stroke, unnecessary treat-
ment with blood thinners which can lead to major poten-
tially fatal bleeding complications and prevention of heart
failure due to rapid rates during AF.
[0021] As shown in FIG. 2A, the transponder unit 106
includes a sensor stage 150 that is able to sense one or
more physiological conditions within the LAA. That sen-
sor stage may perform electrical monitoring of electrical-
ly-determined physiological conditions and/or monitoring
for hemodynamically-determined physiology conditions
(pressure, etc.). The sensor stage may for example in-
clude a MEMS/NEMS fabricated oxygen content/satura-
tion filter 151, a MEMS/NEMS fabricated pressure sensor
152, a MEMS/NEMS fabricated temperature sensor 154,
and an MEMS/NEMS fabricated impedance measuring
sensor 156, and a MEMS/NEMS fabricated rhythm sen-
sor 158. The latter may be include capability to record,
filter, amplify, process and transmit electrograms. As
used herein MEMS refers to Micro Electromechanical
Systems; and NEMS refers to Nano Electromechanical
Systems. For both known fabrication techniques suitable
to form the devices described herein are contemplated.
[0022] The transponder under 106 communicates with
the communication interface unit 108, which may be ex-
ternal to the patient, for example on a belt etc., or alter-
natively may be implanted internally within the patient,
as shown in FIG. 1. Either way the interface unit 108
includes a transceiver and wirelessly communicates with
the transponder unit, in particular transceiver 184 (184’)
of the transponder unit 106. The transceiver 184 com-
municates the sensed reporting signals, corresponding
to the sensed measured values, to the interface unit 108.
These include measurements of any of physiological
conditions mentioned herein.
[0023] The unit 108 may communicate the received
reporting signals from the transponder unit 106 to the
control device 110, after signal amplification, noise re-
duction, any pre-filtering, and any preliminary data anal-
ysis. That communication may be wireless or through a
wired means, such as through a universal serial bus
(USB) connection to the control device 110.
[0024] The control device 110 may be a dedicated
handheld, portable device displaying physiological con-
ditions, such as pressure, temperature, and/or imped-
ance. The device 110 may display rhythm data for the
heart as well. The device 110 can display any of the
sensed data from the transponder unit 106.
[0025] The wireless communications may be imple-
mented using any standard protocol or specification,
such as WiFi or any of the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 a, b, g, or n standards,
Bluetooth™, Near Field Communication, radio-frequen-
cy identification (RFID) or others. The wireless commu-
nication may alternatively be implemented using a pro-
prietary protocol.
[0026] In some examples, the device 110 analyzes the
received sensed signals and determines the physiolog-

ical condition of the patient, such as the rhythm status,
sinus rhythm (SR) and AF. The device 110 also deter-
mines alarm conditions that can alert the patient and phy-
sician or other care provider, where such alarm condi-
tions are displayed to the patient or care provider. A treat-
ment instruction or instruction regimen can be prepared
in response to the analysis of the device 110. In some
examples, the device 110 is programmed to present ac-
tual instructions on a screen as to how to address the
alarm condition.
[0027] The control device 110 may indeed be a stand-
alone wireless device or incorporated into an existing
system, such as a pacing/defibrillation system.
[0028] In some examples, the transponder unit is a
multi-mode device, which in addition to the sensing mode
capabilities described above, optionally includes a treat-
ment mode, in which the device is able to treat conditions
in the LAA or in the heart, more generally, such as atrial
fibrillation or atrial flutter. In Fig. 2B, the transponder unit
106’ is shown having similar elements to those of Fig. 2A
and also including a treatment stage 180 that, in the il-
lustrated example, includes an electrical pulsing stage
182, which is used to apply an electrical pulse to the heart
in response to a sensed atrial fibrillation condition or
bradycardia (slow heart rate) condition such as may oc-
cur after conversion of AF to sinus rhythm sensed by the
stage 150’. The transponder unit 106’ further includes
another treatment device in the form of a pharmaceutical
agent release stage 183, which releases a pharmaceu-
tical agent into the left atrial appendage for treatment of
AF or heart failure or otherwise as determined from the
sensor data from the sensor stage 150’.
[0029] In some examples, the pulse stage 182 and the
pharmaceutical agent release stage 183 are part of a
control system in which, the sensor stage 150’ deter-
mines one or more physiological conditions indicating,
either alone or when combined with other condition data,
an arrhythmia condition. In that control system, the sen-
sor stage 150’ then communicates the sensed signals to
the communication interface 108, which then analyzes
the signals to determine if an arrhythmia condition exists.
[0030] While the control system of Fig. 2B may be an
open loop system, in other examples, the control system
is a closed loop system where the sensor stage 150’ con-
stantly senses the one or more physiological conditions
and feeds the sensed signals into the interface 108 or
control device 110 (of Fig. 1), which constantly update
the treatment signals communicated to the treatment
stage 180. Such control loop adjustment may occur at
predetermined time intervals, for example, to achieve
constant adjustment.
[0031] To facilitate both sensing and treatment, the
transponder 106/106’ may be placed within the LAA us-
ing a conductive element. First, as shown in the example
of Fig. 3B (discussed further below), when the transpond-
er unit 106 - unit 106’ though not shown would be used
in the illustrated example the same way - is suspended
within the LAA 102, then a biocompatible, inert filler ma-
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terial 200 injected into the LAA 102 may be conductive,
such that the sensor may sense a signal through or an
electrical pulse generate may produce a signal through
the material 200 to the inner walls 202 of the LAA 102.
[0032] Fig. 3C, the transponder unit 106 is supported
by a strut support structure 300 which has conductive
struts 302 extending from the transponder 106 to the
walls of the LAA 102, such that sensing is from or treat-
ment is applied to the walls of the LAA through struts
302. In the illustrated example these conductive struts
302 are also anchoring struts that engage the inner wall
202 of the LAA 102 and retain the transponder unit 106
without direct contact.
[0033] FIG. 3D illustrates a similar configuration to that
of FIG. 3C, but with both struts 302 and the inert material
200 supporting the transponder unit 106 within the LAA
102.
[0034] In some examples, the transceiver 184 receives
treatment instructions signals from the unit 108 for con-
trolling one or both of the electrical pulse generator 182
and the pharmaceutical agent release stage 183.
[0035] The transponder unit 106 includes an inductive
power storage 186 which powers the unit 106 and which
may be recharged by the interface unit 108 through an
inductive recharging. In such a configuration, the unit 108
may be battery powered, for example.
[0036] In some examples, the charging is achieved
through radiofrequency induction, which may use a fre-
quency of 125 MHz. For example, the passive power
mechanism may be implemented by having the interface
unit 108 interrogate the transponder unit 106 for new
measurements using a poll signal.
[0037] FIG. 4 is a process 400 used to deploy the trans-
ponder unit 106. At an initial block 402, insertion of a
delivery catheter occurs. First a transeptal puncture is
made using either one of the conventional catheter sys-
tems or using the delivery sheath, and dilator included in
this description. If a conventional transeptal sheath is
used, this is later exchanged with delivery sheath de-
scribed herein using over the wire technique once the
transeptal puncture and access to the left atrium is ob-
tained. Then the delivery system that includes a delivery
sheath through which a delivery catheter, such as cath-
eter 190 in FIG. 3A, is positioned into the left atrium 192,
the catheter 190 may be a 8-14 Fr sized catheter. Once
the catheter 190 is positioned in place, with a distal end
extending into the left atrium, the transponder unit 106,
the material 200, and an occlusion device 194 (shown in
FIG. 3A) may be implanted.
[0038] As shown in Fig. 4, with the delivery catheter in
position, at a block 404, a biocompatible, inert material
is injected into the LAA to serve as a volume filler material,
such as the material 200. To deliver the material 200, the
delivery catheter 190 may be used with a dedicated de-
livery lumen formed inside the catheter 190.
[0039] In this initial stage of the process, the material
200 is in a liquid phase form and has not been converted
to a solid phase. Preferably the material is maintained in

this liquid phase throughout injection into the LAA 102,
thereby allowing the material 200 to better fill the entire
LAA volume.
[0040] The material 200 is preferably biocompatible
and inert, which means that it will not adversely affect
conditions in the LAA or the blood flow system if intro-
duced in the blood circulation. The inert biocompatible
material 200 may be, for example, silicone oil, a variety
of polymers, polyethylene, polyester, and expanded pol-
ytetrafluoroethylene, PET, ePET, biomimetic hydrogels,
polyvinyl alcohols (PVA), polycaprolactone, ovalbumin,
biocompatible hydrogels, collagen, alginate hydrogel,
polyethylene glycol, fibrin glue, poly(2-hydroxyethyl
methacrylate) (PHEMA) and poly N-(2-hydroxypropyl)-
methacrylamide (PHPMA), liquid embolic materials such
as isobutyl-2 cyanoacrylate, and particulate embolic ma-
terial such as spheres coated with iron or barium, or sil-
icone particles, N-butyl cyanoacrylate (NBCA) (that hard-
ens a soon as it gets in contact with blood or ionic material
such as saline) polyvinyl alcohol sponge (PVA), gelfoam,
ethanol or other alcohols, or microcoils. Other biocom-
patible, inert materials may also be used. However, it
may be desirable to prevent that material from exiting the
LAA during this initial injection stage. Therefore, the
amount of material 200 introduced into the LAA 102 may
be monitored against leakage of the biocompatible ma-
terial. This material can also be radio-opaque or echo-
genic so that delivery of the material can be monitored
by X-ray or ultrasound (intracardiac, transesophageal or
surface echocardiography).
[0041] To monitor the amount of material 200 delivered
to the LAA 102, more specifically to monitor the fluid lev-
els and prevent leakage, at a block 406, an RCA (radio
contrast agents), i.e., radiopaque dye, may be used in
the material to visually indicate if there is leakage. An x-
ray imaging system will be able to display RCA and there-
by identify if any of the material is escaping the LAA.
Other visualizable media may be introduced instead. In
either example, the delivery catheter may contain a de-
liver lumen or capillary used to introduce the agent from
the catheter to the material trapped in the LAA. In another
example, an intracardiac ultrasound (or some other ul-
trasound) may be used to visualize the material, relying
upon the difference in density of the injected material
versus that of the heart tissue. An example is a trans-
esophageal ultrasound device, which when inserted into
the esophagus can be used for highly identifiable imaging
of the left atrium. In any event, these techniques may be
particularly useful as they are also often used for catheter
positioning anyway.
[0042] Various biocompatible, inert compositions may
be used for the material 200. These include classes of
materials, such as various polymers.
[0043] While example classes of materials are de-
scribed, it will be apparent that any suitable materials
may be used, where the materials are biocompatible, in-
ert, lightweight and low density. Preferably the materials
have a liquid phase that may be controllably converted
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into a solid phase by a stimulus.
[0044] Generally speaking, after the material 200 has
been delivered, the process 400 determines whether the
appropriate amount of the material 200 has been deliv-
ered, e.g., whether the material has completely or suffi-
ciently filled the LAA.
[0045] If the appropriate amount of the material 200
has been delivered, the process enters a second stage
(indicated by block 408) to convert the material from a
liquid phase to a solid phase. Specifically, the material
within the LAA 102 is actively converted from a liquid
phase to a solid phase, where active conversion refers
to using a controllable mechanism to initiate conversion
from the liquid phase to the solid phase. An example
active mechanism is the introduction of a catalyst mate-
rial into the LAA that induces a solid phase in the material
200, e.g., where that catalyst is formed of another bio-
compatible, inert material.
[0046] Another example technique for actively convert-
ing the material 200 within the LAA 102 from a fluid to a
solid phase is by applying an electrical current, heat or
light to induce the phase change in the material 200.
[0047] By using an active mechanism, the medical pro-
fessional can more accurately control when the injected
material will be solidified, which helps reduce the risk of
embolism during the procedure and which also allows
the medical professional to better control the amount of
material inserted into the LAA. The latter is important for
maximizing the amount of LAA volume closed off.
[0048] Non-active techniques for liquid-to-solid phase
conversation are also contemplated. These include tran-
sitions that occur naturally over time, e.g., in response
to body temperature, or in response to blood entering the
LAA.
[0049] FIGS. 3A-3D illustrate various examples appa-
ratuses for implanting transponders, each shown in a de-
ployed stage. In FIG. 3A, the transponder unit 106 is in-
serted into the LAA 102 by the delivery catheter 190 and
during the material injection process of FIG. 4, for exam-
ple, between the first stage of injection and the second
stage of active phase change. The transponder unit 106
may be inserted through another lumen channel in the
catheter 190, while in other examples, the transponder
unit 106 is maintained at a distal end of the catheter 190,
for example, along with the occlusion device 194, which
as shown in FIGS. 6a-6g can have an umbrella, butterfly,
balloon or other design. FIG. 3B provides a more focused
view of the configuration of FIG. 3A, showing the material
200 filling the entire volume and with the occlusion device
194 in place occluding the ostium 120 of the LAA 102.
[0050] Fig. 3C illustrates another example apparatus
in which the transponder unit 106 is injected into the LAA
102 as part of the occlusion device 194. That occlusion
device 194 includes a membrane structure 304 that cov-
ers the entire ostium 120 of the LAA 102 when deployed
and is retained in place against the ostium 120 and the
LAA 102 through the strut support structure 300. The
struts 302 form anchor struts that are initially collapsed

at least partially or fully along a longitudinal mainstay
strut 306 until sufficiently deployed in the LAA 102. The
struts 302 may then be deployed from which they will
extend radially outward from the mainstay strut 306 to
engage the inner wall 202 of the LAA 102. Preferably the
struts 302 are in a staggered length and engage the inner
wall 202 transversely, from the mainstay strut 306, and
engage the inner wall 202 in an articulated fashion, in
which longer struts engage portions of the inner wall 202
such that at least a portion of any lateral pulling force on
the strut support structure 300 (i.e., pulling on the main-
stay strut 306) will be counteracted by a lateral retaining
force from these struts.
[0051] Fig. 3D illustrates an example similar to that of
FIG. 3C, but showing the filler material 200 in place.
[0052] The struts 302 may be maintained against the
inner wall 202 through means such as a spring force,
pinch attachment, hooking end, etc.
[0053] The filtering membrane 304 may be made of
biocompatible materials, such as, for example, ePFTE
(e.g., Gortex.RTM.), polyester (e.g., Dacron.RTM.), PT-
FE (e.g., Teflon.RTM.), silicone, urethane, metal fibers,
or other biocompatible polymers.
[0054] The membrane 304 may be impermeable to
blood ingress. In other examples, the membrane 304
may be porous allowing blood to flow therethrough while
blocking or inhibiting the passage of thrombus, clots, or
emboli formed within the atrial appendage from entering
the atrium of the heart and, the patient’s bloodstream.
Using a permeable membrane may reduce the risk of
leakage about the periphery of the filtering membrane,
or of dislodgement of the occlusion device that may result
from the exertion of pressure against the surface of the
occlusion device. Allowing the blood flow through and
across the membrane 304 may relieve this pressure, suf-
ficiently and in a controlled manner, to reduce such leak-
age or dislodgement. Tissue in-growth may additionally
secure the occlusion device 194 to the opening of the
LAA 102. More particularly, the growth of tissue may oc-
cur along the outer periphery of the occlusion device.
This tissue growth, in cooperation with the pressure relief
provided by the permeable structure, may provide addi-
tional means of reducing leakage about the periphery of
the occlusion device. Tissue growth may eventually cov-
er additional surface area of the membrane of the occlu-
sion device.
[0055] Fig. 5 illustrates a process 500 for diagnosing
atrial fibrillation or atrial flutter. At a block 502 , a trans-
ponder unit senses one or more physiological conditions
and then wirelessly transmits (e.g., block 504) reporting
signals corresponding to those sensed physiological
conditions to the control device, either directly (as dis-
cussed in relation to Fig. 5) or through a communication
interface unit. At a block 506, the control device analyzes
the received reporting signals and determines rhythm
state of heart, e.g., whether the heart is experiencing SR,
or AF. In response to the determination, the control de-
vice alerts the patient and/or the physician, via a block
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508. In some examples, the process may further auto-
matically develop treatment instructions and send those
instructions wirelessly to the transponder, via a block
510. Such treatment instructions may include instruc-
tions to the stage 182 for application of electrical pulse
signals to heart through LAA and/or instructions to the
stage 183 to deliver of a treatment agent into the LAA,
which instructions may then be performed using the
transponder device and the treatment stage 180, via
block 512. For the later, the stage 183 is connected to
an external, deployed therapeutic agent reservoir within
the LAA or to reservoir within the transponder unit 106.
[0056] FIGS. 6a-6g illustrate various example occlu-
sion devices that are configured to allow for injection of
a filler material into the LAA and implantation of a trans-
ponder unit into the LAA for sensing and wireless com-
munications.
[0057] In each of the examples illustrated by Figs. 6A-
6G, the inert filler material 200 may have any of the char-
acteristics, features, or functions described in the exam-
ples above.
[0058] Fig. 6A illustrates another example apparatus
in which the occlusion device 194 has an inverted um-
brella design and the transponder unit 106 is part of the
occlusion device 194. The occlusion device 194 includes
a membrane structure 601 that covers the entire ostium
120 of the LAA 102 when deployed and is retained in
place against the ostium 120 and the LAA 102 through
the strut support structure 600. The support ring 604,
strut base 603, and filler material 200 maintains the struts
602 in the proper configuration. The struts 602 may be
configured for attachment to the walls of the ostium 120
on the outer sides thereof through similar means as with
struts 302 in Fig. 3C above.
[0059] The struts 602 are initially collapsed at least par-
tially or fully collapsed along the longitudinal axis of the
catheter 190 until the delivery sheath causes the struts
602 to extend radially outward and engage the outer wall
of the ostium 120.
[0060] Fig. 6D illustrates another example apparatus
in which the occlusion device 194 has an umbrella de-
sign. In some examples, the membrane structure 605 is
drawn up against the ostium 120 by ratcheting the mem-
brane structure along pole 610, shown in Fig. 6B. Shown
in Fig. 6C, the pawl mechanism 606 engages teeth 607
on pole 610 and is moved forward to snugly position the
membrane structure 605 across the ostium 120. The filler
material 200 provides additional support, in conjunction
with the strut support structure comprised of struts 608,
to help maintain the membrane structure 605 in place.
[0061] Figs. 6B-6C illustrate a method of delivery and
deployment for the example apparatus of Fig. 6D. The
umbrella opening structure 609 can be pushed to the
open position (by a surgeon) or have a spring loaded
mechanism to push the struts 608 to the open position.
The ends of the umbrella struts 608 engage the LAA wall
around the ostium 120 and prevent the umbrella design
strut support structure from being withdrawn from the

LAA.
[0062] Fig. 6E illustrates another example apparatus
in which the occlusion device 194 has a balloon design.
The transponder unit 106 is embedded within the balloon
occlusion device 194 in inflation material 611. The bal-
loon 612 may be made from a compliant or non-compliant
polymer, examples of which include silicone, polyethyl-
ene, polyurethane, and PET. The outside surface of the
balloon may contain a material to induce fibrosis.
[0063] Inflation material 611 can be gas, fluid or gel
that is injected under pressure through the delivery cath-
eter 190. The inflation material could also be a polymer
that can be hardened. The inflation material can also con-
tain a radiopaque dye or other visualizable media.
[0064] Fig. 6F illustrates another example apparatus
in which the occlusion device 194 that utilizes an anchor
balloon design. In one example, the balloon 613 expands
within the LAA and secures the membrane structure 614
in place. In an alternative example, the balloon 613 is
expanded prior to complete placement within the LAA,
and the expanded balloon is then inserted into the distal
end of the LAA cavity. The transponder 106 is attached
to connecting rod 615 which is itself fixedly attached to
and in between both the balloon 613 and the membrane
structure 614.
[0065] In some examples, the transponder unit 106
may be conductively paired with the interior LAA wall 202
through conductive balloon 612. In alternative examples,
the balloon 612 does not provide a conductive channel
and instead serves only to provide support and stability
for the occlusion device 194 and transponder unit 106.
The balloon and filler material may be the same as de-
scribed above with regards to the example illustrated in
Fig. 6E.
[0066] Fig. 6G illustrates another example apparatus
in which the occlusion device 194 is of a butterfly design.
Membrane structure 616 is secured in place by the an-
chor balloon 617 and positioned across the ostium 120.
The outer edge of the membrane structure 616 may be
directly engaged with the atrial wall surrounding the os-
tium 120. The anchor balloon 617 is initially collapsed
and later expanded once inserted into the LAA. The trans-
ponder unit 106 is attached to the anchor balloon 617
and embedded in filler material 200 within the LAA.
[0067] Certain examples may be better suited for cer-
tain individual characteristics, such as the size and shape
of the ostium 120 and LAA 102. The umbrella design
illustrated in Figs. 6A-6D and the balloon design illustrat-
ed in Fig. 6E may be better suited where the interior wall
of ostium 120 is small such that it does not form a ledge
on the interior of the LAA 102. The umbrella and balloon
design examples of Figs. 6A-6D and 6E, respectively,
are further advantageous as being adaptable to fit a wide
range of LAA sizes and shapes, providing near-universal
fit. The anchor balloon design of Fig. 6F may be design
more suited for where the distal end of the LAA 102 is
larger. Alternatively or additionally, the anchor balloon
can serve to expand the distal end of the LAA 102 to
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more securely engage the anchor inside the LAA. The
butterfly design illustrated in Fig. 6G may be more effec-
tive where the size of the ostium 120 and the shape of
the LAA 102 coincide such that the interior ostium wall
120 forms a ledge against which an anchor-structure may
engage along the interior of the LAA 102.
[0068] Certain examples may additionally be advanta-
geous as providing more rigid placement across the os-
tium 120, or alternatively, more flexible placement adapt-
able to movement of the ostium 120 and LAA 102.
[0069] Certain examples may additionally provide a
simpler deployment procedure than others. In one exam-
ple, the inverse-umbrella structure of Fig. 6A requires
just a two step deployment process, involving the open-
ing of the umbrella-shaped membrane structure 605 and
the securing of the membrane structure across the os-
tium. This may be advantageous over other more com-
plicated processes, such as the three step deployment
example illustrated in Figs. 6B-6D.
[0070] In some examples, the filler material is injected
into the LAA prior to deployment of the occlusion device
194 and transponder unit 106. In alternative examples,
the filler material is injected after the occlusion device
and transponder unit have been deployed and secured
into place. In the latter, the filler material might be injected
through a delivery catheter operatively coupled to an in-
jection mechanism on the occlusion device 194.
[0071] In any of the design described above, the LAA
102 might first be evacuated of thrombi through the use
of an aspiration catheter or other aspirational means prior
to injection of the filler material 200. Alternatively, the
filler material 200 might be injected without prior aspira-
tion. In both cases, the filler material serves to obliterate
the left atrial appendage space.
[0072] Although the present techniques are described
for use in the LAA, they may be also be implemented on
the right atrial appendage or more generally in any vessel
or aperture in the body in which blood is permitted to flow
therethrough, in which blood clots may be formed and
thus it desired to prevent such formations from emboliz-
ing and entering into the blood stream.
[0073] More broadly, while the above techniques have
been described with reference to patients with AF or atrial
flutter, the present application is not limited to this or any
particular AF patient. The present techniques, for exam-
ple, may be applied to arterial or venous aneurysms, etc.
[0074] Various blocks, operations, and techniques de-
scribed above may be implemented in hardware,
firmware, software, or any combination of hardware,
firmware, and/or software. When implemented in hard-
ware, some or all of the blocks, operations, techniques,
etc. may be implemented in, for example, a custom inte-
grated circuit (IC), an application specific integrated cir-
cuit (ASIC), a field programmable logic array (FPGA), a
programmable logic array (PLA), etc.
[0075] When implemented in software, the software
may be stored in any computer readable memory such
as on a magnetic disk, or other storage medium, in a

RAM or ROM or flash memory of a computer, processor,
hard disk drive, optical disk drive, tape drive, etc.
[0076] Stored on any one or on a combination of com-
puter readable media, the present invention thus may
include software for controlling hardware (e.g., a compu-
ter) capable of executing instructions stored on the com-
puter readable medium and for enabling that hardware
to interact with a human user. Such software may include,
but is not limited to, device drivers, operating systems
and user applications, such as development tools. Such
computer readable media further includes the computer
program product of the present invention for performing
the inventive method of the present invention. The com-
puter code devices of the present invention can be any
interpreted or executable code mechanism, including but
not limited to scripts, interpreters, dynamic link libraries,
Java classes, and complete executable programs. More-
over, parts of the processing of the present invention may
be distributed for better performance, reliability, and/or
cost. For example, an outline or image may be selected
on a first computer and sent to a second computer for
remote diagnosis.
[0077] The invention may also be implemented by the
preparation of application specific integrated circuits or
by interconnecting an appropriate network of convention-
al component circuits, as will be readily apparent to those
skilled in the art.
[0078] Moreover, while the present invention has been
described with reference to specific examples, which are
intended to be illustrative only and not to be limiting of
the invention, it will be apparent to those of ordinary skill
in the art that changes, additions and/or deletions may
be made to the disclosed embodiments without departing
from the scope of the invention.
[0079] Thus, although certain apparatus constructed
in accordance with the teachings of the invention have
been described herein, the scope of coverage of this pat-
ent is not limited thereto. On the contrary, this patent
covers all embodiments of the teachings of the invention
fairly falling within the scope of the appended claims.

Claims

1. An implantable apparatus (100) for blocking a left
atrial appendage, the apparatus comprising:

an occlusion device (194) having a positioning
stage in which the occlusion device is collapsed
for positioning the occlusion device at an open-
ing (120) of the left atrial appendage (102), the
occlusion device having a cover (304) that in a
deployed stage encloses the opening and a strut
support structure (300) that in a deployed stage
fixedly engages the cover to enclose the open-
ing; and
a transponder unit (106, 106’) configured to
sense a physiological condition, the transponder
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unit having a wireless transmitter (184) for trans-
mitting reporting signals indicating the sensed
physiological condition wherein the transponder
unit (106, 106’) is connected to the strut support
structure (300) such that in the deployed stage
the strut support structure (300) maintains en-
gagement with the transponder unit (106, 106’)
and positions the transponder unit (106, 106’)
within the left atrial appendage (102) for sensing
the physiological condition within the left atrial
appendage (102).

2. The apparatus of claim 1, wherein the strut support
structure (300) is configured to extend into the left
atrial appendage (102) to retain the transponder unit
(106, 106’) suspended in the left atrial appendage in
the deployed stage.

3. The apparatus of claim 1, wherein the strut support
structure is configured to (300) extend into the left
atrial appendage (102) to retain the transponder unit
(106, 106’) against an inner wall (202) of the left atrial
appendage (102) in the deployed stage.

4. The apparatus of claim 1, wherein the transponder
unit (106, 106’) is a multimodal device having a sens-
ing mode in which the physiological condition is
sensed and a treatment mode in which the trans-
ponder unit (106, 106’) performs a treatment opera-
tion in the left atrial appendage (102).

5. The apparatus of claim 4, wherein the treatment op-
eration is the application of an electrical signal to the
left atrial appendage to alter the heartbeat rhythm of
the heart.

6. The apparatus of claim 1, wherein the transponder
unit is configured to be passively powered by a power
storage device (186) within the transponder unit
(106’), the power storage device being configured to
be inductively powered from an external inductive
power source.

7. The apparatus of claim 1, further comprising an im-
plantable interface unit (108) that is configured to
communicate with the transponder unit (106, 106’)
to receive the reporting signals, wherein the implant-
able interface unit (108) is configured to communi-
cate instructions to program operation of the trans-
ponder unit (106, 106’).

8. The apparatus of claim 7, wherein the implantable
interface unit (108) has a power supply mode in
which the implantable interface unit (108) inductively
recharges the transponder unit (106, 106’).

9. The apparatus of claim 1, further comprising an ex-
ternal interface unit that is configured to communi-

cate with the transponder unit to receive the reporting
signals.

10. The apparatus of claim 9, wherein the external inter-
face unit (108) has a power supply mode in which
the external interface unit inductively recharges the
transponder unit (106, 106’).

11. The apparatus of claim 1, wherein the transponder
unit (106, 106’) is configured to sense any of the
following physiological conditions: temperature with-
in the left atrial appendage, pressure within the left
atrial appendage, transthoracic impedance, electri-
cal activity, as either voltage or current, or rhythm
within the left atrial appendage.

12. The apparatus of claim 1, wherein the cover (304)
is impermeable to prevent blood from entering the
left atrial appendage (102).

13. The apparatus of claim 1, wherein the cover (304)
is permeable to partially allow blood entry into the
left atrial appendage (102) but impermeable to pen-
etration by blood clots or thrombi formed within the
left atrial appendage (102).

14. An implantable apparatus (100) for blocking a left
atrial appendage (102), the apparatus comprising:

an occlusion device (194) having a positioning
stage in which the occlusion device (194) is col-
lapsed for positioning the occlusion device at an
opening (120) of the left atrial appendage (102),
the occlusion device having a cover (304) that
in a deployed stage encloses the opening (120)
and a strut support structure (300) that in a de-
ployed stage fixedly engages the cover (304) to
enclose the opening (120);
a transponder unit (106, 106’) configured to
sense one or more a plurality of physiological
conditions and configured to wirelessly transmit
sensed measurements of the physiological con-
ditions to an external receiver (108); and
a biocompatible, inert material (200) in liquid
phase insertable into the left atrial appendage
(102), wherein the biocompatible, inert material
(200) is configured to freely suspend the trans-
ponder unit (106, 106’) within the left atrial ap-
pendage (102).

15. The implantable apparatus of claim 14, wherein the
inert material (200) is configured to be maintained in
the liquid phase within the left atrial appendage (102)
until an activation event is triggered that converts the
biocompatible, inert material (200) into a solid phase.
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Patentansprüche

1. Implantierbare Apparatur (100) zum Blockieren ei-
nes linken Vorhofohrs, wobei die Apparatur folgen-
des aufweist:

eine Okklusionsvorrichtung (194), die eine Po-
sitionierstufe aufweist, in der die Okklusionsvor-
richtung zusammengelegt ist, um die Okklusi-
onsvorrichtung an einer Öffnung (120) des lin-
ken Vorhofohrs (102) zu positionieren, wobei die
Okklusionsvorrichtung eine Abdeckung (304)
aufweist, die in einer Einsatzstufe die Öffnung
verschließt, und eine Stützstrebenstruktur (300)
aufweist, die in einer Einsatzstufe die Abde-
ckung derart fest einsetzt, dass letztere die Öff-
nung umschließt; und
eine Transpondereinheit (106, 106’), die ausge-
staltet ist, um einen physiologischen Zustand zu
erfassen, wobei die Transpondereinheit einen
drahtlosen Transmitter (184) aufweist, um Mel-
designale zu übertragen, die den erfassten phy-
siologischen Zustand anzeigen, wobei die
Transpondereinheit (106, 106’) mit der Stütz-
strebenstruktur (300) derart verbunden ist, dass
in der Einsatzstufe die Stützstrebenstruktur
(300) im Eingriff mit der Transpondereinheit
(106, 106’) verbleibt und die Transpondereinheit
(106, 106’) innerhalb des linken Vorhofohrs
(102) positioniert, um den physiologischen Zu-
stand innerhalb des linken Vorhofohrs (102) zu
erfassen.

2. Apparatur nach Anspruch 1, wobei die Stützstreben-
struktur (300) ausgestaltet ist, um sich in das linke
Vorhofohr (102) zu erstrecken, um in der Einsatz-
stufe die Transpondereinheit (106, 106’) in dem lin-
ken Vorhofohr aufgehangen zu halten.

3. Apparatur nach Anspruch 1, wobei die Stützstreben-
struktur (300) ausgestaltet ist, um sich in das linke
Vorhofohr (102) zu erstrecken, um in der Einsatz-
stufe die Transpondereinheit (106, 106’) gegen eine
innere Wand (202) des linken Vorhofohrs (102) zu
halten.

4. Apparatur nach Anspruch 1, wobei die Transponder-
einheit (106, 106’) eine multimodale Vorrichtung ist,
die einen Erfassungsmodus aufweist, in dem der
physiologische Zustand erfasst wird, und einen Be-
handlungsmodus aufweist, in dem die Transponder-
einheit (106, 106’) eine Behandlungsoperation in
dem linken Vorhofohr (102) durchführt.

5. Apparatur nach Anspruch 4, wobei die Behand-
lungsoperation die Verabreichung eines elektri-
schen Signals auf das linke Vorhofohr ist, um den
Herzschlagrhythmus des Herzens zu verändern.

6. Apparatur nach Anspruch 1, wobei die Transponder-
einheit ausgestaltet ist, um durch eine Energiespei-
chervorrichtung (186) innerhalb der Transponder-
einheit (106’) passiv energiegespeist zu werden, wo-
bei die Energiespeichervorrichtung (186) ausgestal-
tet ist, um von einer externen induktiven Energie-
quelle induktiv energiegespeist zu werden.

7. Apparatur nach Anspruch 1, die ferner eine implan-
tierbare Schnittstelleneinheit (108) aufweist, die aus-
gestaltet ist, um mit der Transpondereinheit (106,
106’) zu kommunizieren, um die Meldesignale zu
empfangen, wobei die implantierbare Schnittstellen-
einheit (108) ausgestaltet ist, um Anweisungen zu
kommunizieren, um die Operation der Transponder-
einheit (106, 106’) zu programmieren.

8. Apparatur nach Anspruch 7, wobei die implantierba-
re Schnittstelleneinheit (108) einen Energieversor-
gungsmodus aufweist, in dem die implantierbare
Schnittstelleneinheit (108) die Transpondereinheit
(106, 106’) induktiv wiederauflädt.

9. Apparatur nach Anspruch 1, die ferner eine externe
Schnittstelleneinheit aufweist, die ausgestaltet ist,
um mit der Transpondereinheit zu kommunizieren,
um die Berichtsignale zu empfangen.

10. Apparatur nach Anspruch 9, wobei die externe
Schnittstelleneinheit (108) einen Energieversor-
gungsmodus aufweist, in dem die externe Schnitt-
stelleneinheit die Transpondereinheit (106, 106’) in-
duktiv wiederauflädt.

11. Apparatur nach Anspruch 1, wobei die Transponder-
einheit (106, 106’) ausgestaltet ist, um eine der fol-
genden physiologischen Zustände zu erfassen:
Temperatur innerhalb des linken Vorhofohrs, Druck
innerhalb des linken Vorhofohrs, transthorakale Im-
pedanz, elektrische Aktivität, wie entweder Span-
nung oder Strom, oder Rhythmus innerhalb des lin-
ken Vorhofohrs.

12. Apparatur nach Anspruch 1, wobei die Abdeckung
(304) undurchlässig ist, um den Eintritt von Blut in
das linke Vorhofohr (102) zu verhindern.

13. Apparatur nach Anspruch 1, wobei die Abdeckung
(304) durchlässig ist, um partiell den Eintritt von Blut
in das linke Vorhofohr (102) zu ermöglichen, jedoch
undurchlässig ist für einen Eintritt von Blutgerinnseln
oder Thromben, die sich innerhalb des linken Vor-
hofohrs (102) bilden.

14. Implantierbare Apparatur (100), um ein linkes Vor-
hofohr zu blockieren, wobei die Apparatur folgendes
aufweist:
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eine Okklusionsvorrichtung (194), die eine Po-
sitionierungsstufe aufweist, in der die Okklusi-
onsvorrichtung zusammengelegt ist, um die Ok-
klusionsvorrichtung an einer Öffnung (120) des
linken Vorhofohrs (102) zu positionieren, wobei
die Okklusionsvorrichtung eine Abdeckung
(304) aufweist, die in einer Einsatzstufe die Öff-
nung (120) umschließt, und eine Stützstreben-
struktur (300) aufweist, die in einer Einsatzstufe
die Abdeckung (304) derart fest einsetzt, dass
letztere die Öffnung (102) umschließt;
eine Transpondereinheit (106, 106’), die ausge-
staltet ist, um einen oder mehrere einer Vielzahl
von physiologischen Bedingungen zu erfassen,
und die ausgestaltet ist, um kabellos erfasste
Messungen der physiologischen Zustände an
einen externen Empfänger (108) zu übermitteln;
und
ein biokompatibles, inertes Material (200) in
flüssiger Phase, das in das linke Vorhofohr (102)
einsetzbar ist, wobei das biokompatible inerte
Material (200) ausgestaltet ist, um die Trans-
pondereinheit (106, 106’) im Inneren des linken
Vorhofohrs (102) frei aufzuhängen.

15. Implantierbare Apparatur nach Anspruch 14, wobei
das inerte Material (200) ausgestaltet ist, um inner-
halb des linken Vorhofohrs (102) in flüssiger Phase
zu bleiben, bis ein Aktivierungsereignis ausgelöst
wird, das das biokompatible, inerte Material (200) in
eine feste Phase überführt.

Revendications

1. Appareil implantable (100) destiné à bloquer un ap-
pendice auriculaire gauche, l’appareil comprenant :

un dispositif d’occlusion (194) ayant un étage
de positionnement où le dispositif d’occlusion
s’affaisse pour positionner le dispositif d’occlu-
sion au niveau d’une ouverture (120) de l’ap-
pendice auriculaire gauche (102), le dispositif
d’occlusion ayant un couvercle (304) qui, dans
un étage déployé, entoure l’ouverture et une
structure de support d’entretoise (300) qui, dans
un étage déployé, engage de manière fixe le
couvercle pour entourer l’ouverture ; et
une unité de transpondeur (106, 106’) configu-
rée pour détecter un état physiologique, l’unité
de transpondeur ayant un émetteur sans fil (184)
pour émettre des signaux de rapport indiquant
l’état physiologique détecté, où l’unité de trans-
pondeur (106, 106’) est reliée à la structure de
support d’entretoise (300) de sorte que, dans
l’étage déployé, la structure de support d’entre-
toise (300) maintienne l’engagement avec l’uni-
té de transpondeur (106, 106’) et positionne

l’unité de transpondeur (106, 106’) à l’intérieur
de l’appendice auriculaire gauche (102) pour
détecter l’état physiologique à l’intérieur de l’ap-
pendice auriculaire gauche (102).

2. Appareil de la revendication 1, dans lequel la struc-
ture de support d’entretoise (300) est configurée
pour s’étendre dans l’appendice auriculaire gauche
(102) pour retenir l’unité de transpondeur (106, 106’)
suspendue dans l’appendice auriculaire gauche
dans l’étage déployé.

3. Appareil de la revendication 1, dans lequel la struc-
ture de support d’entretoise (300) est configurée
pour s’étendre dans l’appendice auriculaire gauche
(102) pour retenir l’unité de transpondeur (106, 106’)
contre une paroi interne (202) de l’appendice auri-
culaire gauche (102) dans l’étage déployé.

4. Appareil de la revendication 1, dans lequel l’unité de
transpondeur (106, 106’) est un dispositif multimodal
ayant un mode de détection où l’état physiologique
est détecté, et un mode de traitement où l’unité de
transpondeur (106, 106’) effectue une opération de
traitement dans l’appendice auriculaire gauche
(102).

5. Appareil de la revendication 4, dans lequel l’opéra-
tion de traitement est l’application d’un signal élec-
trique à l’appendice auriculaire gauche pour modifier
le rythme cardiaque du coeur.

6. Appareil de la revendication 1, dans lequel l’unité de
transpondeur est configurée pour être alimentée de
manière passive par un dispositif de stockage de
puissance (186) à l’intérieur de l’unité de transpon-
deur (106’), le dispositif de stockage de puissance
étant configuré pour être alimenté par induction à
partir d’une source de puissance inductive externe.

7. Appareil de la revendication 1, comprenant en outre
une unité d’interface implantable (108) qui est con-
figurée pour communiquer avec l’unité de transpon-
deur (106, 106’) pour recevoir les signaux de rapport,
où l’unité d’interface implantable (108) est configu-
rée pour communiquer des instructions pour pro-
grammer le fonctionnement de l’unité de transpon-
deur (106, 106’).

8. Appareil de la revendication 7, dans lequel l’unité
d’interface implantable (108) a un mode d’alimenta-
tion électrique où l’unité d’interface implantable
(108) recharge par induction l’unité de transpondeur
(106, 106’).

9. Appareil de la revendication 1, comprenant en outre
une unité d’interface externe qui est configurée pour
communiquer avec l’unité de transpondeur pour re-
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cevoir les signaux de rapport.

10. Appareil de la revendication 9, dans lequel l’unité
d’interface externe (108) a un mode d’alimentation
électrique où l’unité d’interface externe recharge par
induction l’unité de transpondeur (106, 106’).

11. Appareil de la revendication 1, dans lequel l’unité de
transpondeur (106, 106’) est configurée pour détec-
ter l’un des états physiologiques suivants : la tem-
pérature à l’intérieur de l’appendice auriculaire gau-
che, la pression à l’intérieur de l’appendice auricu-
laire gauche, l’impédance transthoracique, l’activité
électrique, en tant que tension ou courant, ou le ryth-
me à l’intérieur de l’appendice auriculaire gauche.

12. Appareil de la revendication 1, dans lequel le cou-
vercle (304) est imperméable pour empêcher le sang
d’entrer dans l’appendice auriculaire gauche (102).

13. Appareil de la revendication 1, dans lequel le cou-
vercle (304) est perméable pour permettre partielle-
ment au sang d’entrer dans l’appendice auriculaire
gauche (102) mais imperméable à la pénétration par
des caillots sanguins ou des thrombus formés à l’in-
térieur de l’appendice auriculaire gauche (102).

14. Appareil implantable (100) destiné à bloquer un ap-
pendice auriculaire gauche (102), l’appareil
comprenant :

un dispositif d’occlusion (194) ayant un étage
de positionnement où le dispositif d’occlusion
(194) s’affaisse pour positionner le dispositif
d’occlusion au niveau d’une ouverture (120) de
l’appendice auriculaire gauche (102), le dispo-
sitif d’occlusion ayant un couvercle (304) qui,
dans un étage déployé, entoure l’ouverture
(120) et une structure de support d’entretoise
(300) qui, dans un étage déployé, engage de
manière fixe le couvercle (304) pour entourer
l’ouverture (120) ;
une unité de transpondeur (106, 106’) configu-
rée pour détecter un ou plusieurs état(s) parmi
une pluralité d’états physiologiques et configu-
rée pour émettre sans fil des mesures détectées
des états physiologiques à un récepteur externe
(108) ; et
un matériau inerte, biocompatible (200) en pha-
se liquide pouvant s’insérer dans l’appendice
auriculaire gauche (102), où le matériau inerte,
biocompatible (200) est configuré pour suspen-
dre librement l’unité de transpondeur (106, 106’)
à l’intérieur de l’appendice auriculaire gauche
(102).

15. Appareil implantable de la revendication 14, dans
lequel le matériau inerte (200) est configuré pour être

maintenu en phase liquide à l’intérieur de l’appendi-
ce auriculaire gauche (102) jusqu’à ce qu’un événe-
ment d’activation soit déclenché qui convertit le ma-
tériau inerte, biocompatible (200) en phase solide.
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