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WIRELESS MEMS LEFT ATRIAL PRESSURE
SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 13/767.398, filed Feb. 14, 2013,
which is a continuation of U.S. patent application Ser. No.
13/755,379, filed Jan. 31, 2013. The contents of the fore-
going applications and patents are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] Aspects of the present disclosure relate to systems
and methods related to implantable cardiac monitoring
devices and, more specifically, to a left atrial pressure sensor
implanted through a septal wall.

BACKGROUND OF THE INVENTION

[0003] Monitoring the left atrial pressure (LAP) of heart
failure patients is an effective method of assessing and
managing a patient’s heart failure progression. Timely inter-
ventions including medication taken as immediately as
possible after an increase in LAP would more effectively
treat a patient and reduce unnecessary hospitalization. To
date, devices and approaches to monitor surrogates of LAP
have encountered significant technical challenges.

[0004] Hemodynamic monitoring systems using other
measurements as a surrogate for direct measurement of LAP
have been tested in clinical trials with mixed results. Lead-
based pressure sensors situated in the right ventricle outflow
tract (RVOT) were relatively ineffective in managing heart
failure and were additionally vulnerable to lead-related
reliability issues. Wireless MEMS pressure sensors situated
in the pulmonary artery are ill-suited for at least a subpopu-
lation of patients presenting with heart failure. For example,
the assessment of LAP using surrogate measurements within
the pulmonary artery may not be suitable for patients
suffering from pulmonary hypertension or other pulmonary
conditions.

[0005] A silicone lead-based LAP sensor has been shown
to be relatively effective at managing heart failure in initial
feasibility studies. However, silicone-based leads used in
other medical devices have exhibited a vulnerability to
reliability-related performance degradation. In addition,
obtaining LAP measurements using the silicone lead-based
LAP sensor may present several challenges that may be
exacerbated by the routing of the leads necessary for the
operation of the pressure sensor. In particular, access to the
left atrium of the heart must be provided in a safe manner
and the pressure sensors need to be implanted in a manner
that ensures accurate pressure measurements and that mini-
mizes the risk of device-related complications such as
thrombus formation.

[0006] A need exists for improved devices and techniques
for measuring L AP safely and accurately. In addition, a need
exists for improved devices and techniques for measuring
LAP that reduce the need for invasive procedures to operate
and maintain the LAP measurement device, and that reduce
the need for intrusive associated elements such as device
leads to power the device and/or to transmit a signal encod-
ing the measured LAP. Such a device would facilitate the
safe and accurate monitoring of LAP, thereby enhancing the
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timeliness and quality of the treatment of heart failure in
variety of patient populations.

BRIEF SUMMARY OF THE INVENTION

[0007] This disclosure presents a novel concept of the
wireless MEMS LAP sensor and tools used to safely place
the wireless MEMS sensor in the left atrium. A wireless LAP
sensor would eliminate negative perceptions associated with
silicone bodied leads and device-pocket infections and
would provide clinicians hemodynamic data that is consid-
ered to be the gold standard for heart-failure management.
[0008] Disclosed herein is a wireless and leadless left
atrial pressure measurement device configured for delivery
through a thickness of an atrial septum via a minimally
invasive delivery tool. In a first embodiment, the device
includes a wireless pressure sensor, a first anchoring ele-
ment, and a second anchoring element. The wireless pres-
sure sensor includes a proximal portion, a distal portion
opposite the proximal portion, and a housing containing a
hermetically sealed cavity containing a sensor circuit. The
first anchoring element includes a first distal end and a first
free proximal end generally opposite the first distal end. The
first distal end is operably coupled to the wireless pressure
sensor. The first anchoring element extends proximally away
from the proximal portion. The second anchoring element
includes a second distal end and a second free proximal end
generally opposite the second distal end. The second distal
end is operably coupled to the wireless pressure sensor. The
second anchoring element extends proximally away from
the proximal portion. When the first and second anchoring
elements are free to assume a biased state, the first free
proximal end and second free proximal end extend in
generally opposite directions and the first anchoring element
projects generally distally.

[0009] In one version of the first embodiment, the first
anchoring element is configured such that, when the device
is being delivered via the delivery tool, the first anchoring
element is deflected away from the biased state via the
delivery tool such that the first and second free proximal
ends are in close proximity to each other and projecting
generally proximally away from the proximal portion. In
one version of the first embodiment, in the biased state, the
first free proximal end is in close proximity to the distal
region as compared to the second free proximal end. In one
version of the first embodiment, in the biased state, the first
anchoring element extends along a longitudinal side of the
wireless pressure sensor offset from the longitudinal side. In
one version of the first embodiment, in the biased state, the
first anchoring element extends along a longitudinal side of
the wireless pressure sensor offset from the longitudinal
side. In one version of the first embodiment, in the biased
state, the first anchoring element and the wireless pressure
sensor combine to form a clamping arrangement.

[0010] In one version of the first embodiment, the clamp-
ing arrangement comprises a distance between the first
anchoring element and the wireless pressure sensor that is
slightly less than the thickness of the atrial septum. In one
version of the first embodiment, the device further includes
a silicone disc seal immediately adjacent the proximal
portion and through which at least one of the first or second
anchoring element extends.

[0011] In one version of the first embodiment, the device
further includes a feature extending from the proximal
region and configured for engagement by a tether of the
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delivery tool. The feature includes a knob extending from
the proximal region. In one version of the first embodiment,
the device further includes a feature including a knob, an
extension plug and a lanyard. The lanyard is attached to the
knob at one end and a second end of the lanyard is attached
to the proximal region.

[0012] In one version of the first embodiment, the first
anchoring element includes a biocompatible resilient mate-
rial. For example, the biocompatible resilient material is
selected from: platinum, NITINOL, silicone, polyurethane,
plastic polyether block amide, high density polyethylene,
silicone rubber, and any combination thereof. The anchoring
elements may be wire, flat sheets or a host of other con-
figurations.

[0013] In a second embodiment, the device includes a
wireless pressure sensor, a first anchoring element, and a
second anchoring element. The wireless pressure sensor
includes a proximal portion, a distal portion opposite the
proximal portion, and a housing containing a hermetically
sealed cavity containing a sensor circuit. The first anchoring
element is supported on the wireless pressure sensor
between the proximal and distal portions and includes first
and second wings spaced apart from each other. When the
first and second wings are in a biased state, the first and
second wings extend radially outward from the wireless
pressure sensor. The second anchoring element is supported
on the wireless pressure sensor between the proximal and
distal portions and includes third and fourth wings spaced
apart from each other. When the third and fourth wings are
in a biased state, the third and fourth wings extend radially
outward from the wireless pressure sensor and the third and
fourth wings face the first and second wings in an opposed,
spaced apart fashion.

[0014] In one version of the second embodiment, the first
and second anchoring elements are configured such that,
when the device is being delivered via the delivery tool, the
first, second, third and fourth wings are deflected away from
the biased state via the delivery tool such that the first and
second wings project generally distally and the third and
fourth wings project generally proximally. In one version of
the first embodiment, the first anchoring element and the
second anchoring element combine to form a clamping
arrangement. In one version of the first embodiment, the
clamping arrangement includes a distance between the first
and second wings and the third and fourth wings that is
slightly less than the thickness of the atrial septum.

[0015] In one version of the second embodiment, the
device further includes a feature on or near the proximal
region and configured for engagement by a tether of the
delivery tool.

[0016] In one version of the second embodiment, the first
anchoring element includes a biocompatible resilient mate-
rial. For example, the biocompatible resilient material is
selected from: platinum, NITINOL, silicone, polyurethane,
plastic polyether block amide, high density polyethylene,
silicone rubber, and any combination thereof.

[0017] Also disclosed herein is a wireless and leadless left
atrial pressure sensor. In one embodiment, the sensor
includes a housing, a flexible diaphragm, a sensor, and a
sensor circuit. The housing contains a hermetically sealed
cavity. The sealed cavity opens at an opening defined within
a surface of the housing. The flexible diaphragm is sealed
over the opening to complete the hermetically sealed cavity.
The sensor circuit includes an induction coil, a fixed capaci-
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tor, and a moveable capacitor plate. The induction coil
includes a first end and a second end. The fixed capacitor
plate is electrically connected to the first end of the induction
coil. The moveable capacitor plate is electrically connected
to the second end of the induction coil and mechanically
attached to the flexible diaphragm. The sensor circuit is
contained within the hermetically sealed cavity.

[0018] Inone version of the embodiment, the fixed capaci-
tor plate and the moveable capacitor plate form a variable
capacitor. The capacitance of the variable capacitor varies as
a function of a deflection of the flexible diaphragm in
response to a left atrial pressure on the diaphragm. The
induction coil and the variable capacitor form a resonant
circuit comprising a resonant frequency. The resonant fre-
quency varies in response to a change in the left atrial
pressure.

[0019] In one version of the embodiment, the left atrial
pressure may be obtained using a data acquisition device
including an external antenna coil. The external antenna coil
magnetically couples with the induction coil of the sensor to
transfer power to the sensor. The resonant frequency of the
sensor 1s determined by an analysis of a load impedance of
the sensor during the power transfer. The left atrial pressure
is determined using a predetermined calibration of pressure
as a function of resonance frequency.

[0020] In one version of the embodiment, the housing is
constructed from a non-conductive material selected from:
fused silica, quartz, ceramic, and sapphire. The diaphragm is
constructed from a non-conductive material selected from:
fused silica, quartz, ceramic, and sapphire.

[0021] In one version of the embodiment, the diaphragm
is constructed from a conductive material selected from:
highly doped silicon and titanium. The diaphragm and the
moveable capacitor plate are integrated into a single struc-
ture and the diaphragm is electrically connected to the
second end of the induction coil.

[0022] 1In one version of the embodiment, the diaphragm
deflects to a maximum deflection ranging from about 1
nanometer to about 100 micrometers. In one version of the
embodiment, the housing further comprises an external
shape selected from: a rectangular shape, a prismatic shape,
and a cylindrical shape.

[0023] Also disclosed herein is a method of implanting a
wireless and leadless left atrial pressure measurement device
into a left atrium of a patient. In a first embodiment, the
method includes: obtaining the device comprising a sensor
and at least one anchoring element, each anchoring element
comprising a free end and an attached end attached to the
sensor; attaching the device to a catheter comprising a
catheter proximal end, a catheter distal end, and a tether
protruding from the catheter distal end, wherein the tether is
attached to each free end of each of the at least one
anchoring elements; situating the device and the catheter
within a lumen of a sheath comprising a sheath proximal end
and a sheath distal end, wherein: a) the sensor is situated
nearest to the sheath distal end; each of the at least one
anchoring elements is in a folded configuration extending in
a proximal direction within the lumen; and b) the tether
extends from the free end of each of the at least one
anchoring elements in a proximal direction toward the
catheter; and advancing the catheter, sheath, and device
through a hole formed in the atrial septum from the right
atrium 1into the left atrium.
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[0024] In one version of the first embodiment, the method
further includes retracting the sheath to expose the sensor
within the left atrium. In one version of the first embodi-
ment, the method further includes retracting the catheter,
sheath and device together to situate the sensor against a left
wall of the atrial septum in the left atrium. In one version of
the first embodiment, the method further includes retracting
the sheath to expose the at least one anchoring elements,
allowing the anchoring elements to elastically rebound from
the folded configuration to an anchoring configuration. In
one version of the first embodiment, the method further
includes detaching the tether from each free end of the at
least one anchoring elements, and retracting the catheter and
sheath from the patient. In one version of the first embodi-
ment, the method further includes compressing each of the
at least one anchoring elements from the anchoring configu-
ration into the folded configuration to fit the device into the
sheath.

[0025] In a first embodiment, the method includes: obtain-
ing the device comprising a sensor, at least one proximal
anchoring element, and at least one distal anchoring ele-
ment, each anchoring element comprising a free end and an
attached end attached to the sensor; attaching the device to
a catheter comprising a catheter proximal end, a catheter
distal end, and a tether protruding from the catheter distal
end, wherein the tether is attached to each free end of each
of the at least one proximal anchoring elements; situating the
device and the catheter within a lumen of a sheath compris-
ing a sheath proximal end and a sheath distal end, wherein:
a) each of the at least one distal anchoring elements is
situated nearest to the sheath distal end in a first folded
configuration extending in a distal direction within the
lumen; b) each of the at least one proximal anchoring
elements is situated in a second folded configuration extend-
ing in a proximal direction within the lumen; and c) the
tether extending from the device in a proximal direction
toward the catheter; and advancing the catheter, sheath, and
device through a hole formed in the atrial septum from the
right atrium into the left atrium.

[0026] In one version of the second embodiment, the
method further includes retracting the sheath to expose the
one of more distal anchoring devices within the left atrium
and allowing the distal anchoring elements to elastically
rebound from the first folded configuration to a first anchor-
ing configuration. In one version of the second embodiment,
the method further includes retracting the catheter, sheath
and device together to situate the one of more distal anchor-
ing devices against a left wall of the atrial septum in the left
atrium. In one version of the second embodiment, the
method further includes retracting the sheath to expose the
at least one proximal anchoring elements, allowing the
anchoring elements to elastically rebound from the second
folded configuration to a second anchoring configuration. In
one version of the second embodiment, the method further
includes detaching the tether from the device and retracting
the catheter and sheath from the patient. In one version of the
second embodiment, the method further includes compress-
ing each of the at least one distal anchoring elements into the
first folded configuration and each of the at least one
proximal anchoring elements into the second folded con-
figuration to fit the device into the sheath.

[0027] Also disclosed herein is a method of retrieving a
wireless and leadless left atrial pressure measurement device
from a left atrium of a patient, the method comprising:
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advancing a snare catheter situated within a sheath into a
right atrium of the patient; retracting the sheath to expose a
snare loop of the snare catheter; securing the snare loop
around a knob or an extension plug projecting from the
device; applying traction to the knob or the extension plug
using the snare catheter to withdraw a sensor of the device
from the atrial septum; applying countertraction using the
sheath to deform each of at least one anchoring elements of
the device into a folded configuration and to situate the
device within the sheath; and retracting the snare catheter,
sheath, and device from the patient.

[0028] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the disclosure. As will be realized, the
devices and methods disclosed herein are capable of modi-
fications in various aspects, all without departing from the
spirit and scope of the present disclosure. Accordingly, the
drawings and detailed description are to be regarded as
illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The following figures illustrate various aspects of
the technology disclosed herein.

[0030] FIG. 1 is a cross-sectional view of a wireless LAP
sensor device situated in a left atrium of a patient.

[0031] FIG. 2 is a side cross-sectional view of a wireless
LAP sensor device with a pair of anchoring elements.
[0032] FIG. 3 is a cross-sectional view of a cylindrical
wireless LAP sensor device situated in a left atrium of a
patient.

[0033] FIG. 4 is a cross-sectional view of a wireless LAP
sensor device situated in a left atrium of a patient showing
the anchoring forces generated by the anchoring elements
and sensor.

[0034] FIG. 5 is a side view of the wireless LAP sensor
device illustrated in FIG. 2 showing anchoring elements in
the form of wire frames. FIG. 5A is a cross-sectional view
of an anchoring element of FIG. 5.

[0035] FIGS. 6A and 6B are a side view and a perspective
view of a wireless LAP sensor device with anchoring
elements in the form of thin sheets.

[0036] FIG. 6C is a linear profile of an anchoring element
of FIGS. 6A and 6B.

[0037] FIG. 7A and FIG. 7B are a side view and a
perspective view of a wireless LAP sensor device with
spoon-like anchoring elements. FIG. 7C is a curved profile
of an anchoring element of FIGS. 7A and 7B.

[0038] FIG. 8 is a side view of a wireless LAP sensor
device that includes a single anchor element.

[0039] FIG. 9A is an end view and FI1G. 9B is a side view
of a wireless LAP sensor device that includes a “dual
propeller” arrangement of six anchoring elements.

[0040] FIG. 10 is a side view of a wireless LAP sensor
device that includes four anchoring elements situated against
the left wall of the atrial septum.

[0041] FIG. 11 is a side view of a wireless LAP sensor
with the anchoring elements provided in the form of a wire
frame.

[0042] FIG. 12 is a perspective view of a wireless LAP
sensor device in which a silicone disc is attached near the
base of the anchoring elements.
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[0043] FIG. 13 is an exploded side view of the sensor with
a portion of the housing removed to view the sensor’s
interior.

[0044] FIG. 14 is an exploded diagram illustrating one
technique for attaching the flexible diaphragm to the hous-
ing.

[0045] FIG. 15 is an exploded diagram illustrating another

technique for attaching the flexible diaphragm to the hous-
ing.

[0046] FIG. 16A is a cutaway side view and FIG. 16B is
a cutaway top view of a sensor illustrating the relationship
of the various components of the sensor circuit.

[0047] FIG. 17 is a schematic diagram illustrating an
idealized resonant sensor circuit.

[0048] FIG. 18A is a perspective view and FIG. 18B is a
side view of a sleeve mounted on a proximal end of the
Sensor.

[0049] FIG. 19A is a perspective view and FIG. 19B is a
side view of a sleeve in another aspect that further includes
an extension plug extending along the axis of symmetry of
the anchoring elements to further facilitate the snagging
and/or retrieval of the sensor from the patient.

[0050] FIG. 20 is a flow chart illustrating a method of
implanting a wireless LAP sensor device in various aspects.
[0051] FIG. 21A is a side view of a catheter used to
implant a wireless LAP sensor device. FIG. 21B is a side
view of a dilator used to implant a wireless LAP sensor
device. FIG. 21C is a side view of a needle used to implant
a wireless LAP sensor device.

[0052] FIGS. 22A-D are side views of a wireless LAP
sensor device and a sheath for the delivery thereof, the
device being illustrated at various steps in the course of
being implanted.

[0053] FIGS. 23A-G are various views of a wireless LAP
sensor device and a sheath for the delivery thereof, the
device being illustrated at various steps in the course of
being implanted.

[0054] FIG. 24 is a side view of a wireless LAP sensor
device situated within the left atrium in which the device is
anchored in place, but still attached to the tethers.

[0055] Corresponding reference characters and labels
indicate corresponding elements among the views of the
drawings. The headings used in the figures should not be
interpreted to limit the scope of the claims.

DETAILED DESCRIPTION

[0056] Provided herein in various aspects of the disclosed
technology are wireless left atrial pressure (LAP) sensor
devices, methods of delivering the LAP sensor devices to
situate and chronically anchor the device in the left atrium/
atrial septum of a patient, and methods of using the device
to monitor the left atrial pressure (LAP) of the patient. In
addition, a delivery/retrieval system for situating, chroni-
cally anchoring, and/or retrieving the wireless LAP sensor
device is provided in various other aspects.

[0057] The wireless LAP sensor device includes a wireless
LAP sensor attached to at least one anchoring element. FIG.
1 is a cross-sectional view of a wireless LAP sensor device
100 in one aspect. The wireless LAP sensor device 100
includes a sensor 102 attached to at least one anchoring
element 104. At least a portion of the sensor 102 is situated
within the left atrium 106 of a patient. The at least one
anchoring element 104 is typically situated against the right
wall 110 of the atrial septum 108 opposite to the sensor 102,
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as illustrated in FIG. 1. The at least one anchoring element
104 may exert a modest anchoring force against the right
wall 110 to securely attach the sensor 102 to the left wall 112
of the atrial septum 108 and to prevent dislodgement or
embolization of the sensor 102. In another aspect (not
shown), the wireless LAP sensor device 100 may include at
least one anchoring element 104 situated against the left wall
112 as well as against the right wall 110 of the atrial septum
108 to provide a more robust anchoring of the sensor 102
within the left atrium 106.

[0058] The sensor 102 incorporates circuitry (not shown)
to implement capacitive pressure sensing for monitoring
LAP in a patient and to further implement inductive telem-
etry for remotely reading the measured LAP using an
external data acquisition device, which also functions as a
power source for the sensor 102. The circuitry and mechani-
cal elements of the sensor 102 further incorporate micro-
machined/microelectromechanical system (MEMS) ele-
ments designed to provide sensitive measurements of
pressure fluctuations within the left atrium 106 housed
within a relatively small implantable sensor 102.

[0059] The sensor 102 of the wireless LAP sensor device
100 may be situated and secured within the left atrium 106
using a delivery/retrieval system (not shown) to perform
modifications of proven surgical implantation techniques.
The sensor 102 and/or the at least one anchoring element
104 may further include radiopaque coatings, radiopaque
markings, and/or other landmarks visible using one or more
medical imaging methods to facilitate the visualization of
the device 100 during implantation. The sensor 102 and at
least one anchoring element 104 may be further designed to
be readily snagged, repositioned, and/or retrieved from the
left atrium/septum of the patient using the delivery/retrieval
system to implement additional modifications of proven
surgical remediation and/or retrieval techniques.

[0060] Because inductive telemetry is used by the circuitry
of the wireless LAP sensor device 100, electrical power is
supplied to the sensor 102 via inductive power transfer by
the external data acquisition device. Because this inductive
power transfer obviates the need for a conventional power
source such as a battery or other electrical power source
resident within the sensor 102 or electrically connected to
the sensor 102 via electrical leads, the wireless LAP sensor
device 100 may remain fully operational over extended and
chronic residence periods within the left atrium 102 of the
patient. In addition, the circuitry of the wireless LAP sensor
device 100 may be designed to be compatible with more
than one type of data acquisition device to enhance the
operational flexibility of the device 100.

[0061] Various aspects of the wireless LAP sensor device
100 including the sensor 102 and at least one anchoring
element 104 are described in further detail herein below. In
addition, methods of implanting and or situating the wireless
LAP sensor device 100 into the left atrium 106 of a patient,
and methods of repositioning and/or retrieving the wireless
LAP sensor device 100 from the left atrium 106 of the
patient using the delivery/retrieval system are also described
in further detail herein below. Methods for monitoring LAP
in a patient using the implanted wireless LAP sensor device
100 are also described in further detail herein below.

1. Wireless Left Atrial Pressure (LAP) Sensor Device

[0062] In various aspects, the wireless LAP sensor device
100 includes a sensor 102 attached to at least one anchoring
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element 104. The sensor 102 is situated within the left atrium
106 of a patient, typically against the left wall 112 of the
atrial septum 108, as illustrated in FIG. 1. The sensor 102 is
secured in place by the anchoring elements 104, which may
be situated against the right wall 110 of the atrial septum
108, as illustrated in FIG. 1, and optionally against the left
wall 112 of the atrial septum 108 in other aspects.

[0063] In one aspect, the sensor 102 situated in the left
atrium 106 may be designed to have a relatively low profile
against the left wall 112 of the atrial septum 108, as
illustrated in FIG. 1. This low-profile sensor design, includ-
ing, but not limited to rectangular or prismatic shapes, may
reduce the formation of blood clots within the left atrium
106 and may enhance the build-up of a biological layer of
endothelial cells (i.e., “the intima”) over the sensor 102 and
the anchoring elements 104. As a result, the likelihood of
blood clots forming and breaking loose may be significantly
reduced as compared to sensor designs that protrude rela-
tively deeply into the left side of the heart. Blood clots
breaking loose in the left side of the heart may travel to other
areas of the body such as the brain and cause a blockage in
a blood vessel (i.e., an embolism). The buildup of the intima
may also reinforce the attachment of the sensor 102 and the
anchoring elements 104 to the atrial septum 108. As a result,
the sensor 102 may be attached to the heart in a sufficiently
stable manner so as to prevent injury to the heart.

[0064] Referring again to FIG. 1, the wireless LAP sensor
device 100 may be inserted through the atrial septum 108 in
the region of the fossa ovalis in one aspect. The fossa ovalis
is typically the thinnest section of the atrial septum and
therefore provides a region amenable to septal puncture as
part of the implantation of the wireless LAP sensor device
100. In one aspect, the sensor 102 of the wireless LAP sensor
device 100 may be situated entirely within the left atrium
106 as illustrated in FIG. 1. In other aspects, the sensor 102
may protrude into the atrial septum 108, the right atria, and
other regions of the heart of the patient.

[0065] FIG. 3 is a cross-sectional view of a wireless LAP
sensor device 100A in another aspect. In this other aspect,
the device 100A may include a cylindrical sensor 102A that
includes a proximal sensor end 302 projecting into the right
atrium 304 and a distal sensor end 306 projecting into the
left atrium 106 as illustrated in FIG. 3. In this aspect, the
distal sensor end 306 may include a diaphragm 208A
exposed to the blood pressure within the left atrium 106.
Also in this aspect, the sensor 102A may be held in place by
anchoring elements 104 A situated against the right wall 110
and the left wall 112 of the atrial septum 108. The anchoring
elements 104A situated in this manner may provide more
robust anchoring forces for the cylindrical sensor 102A in
this aspect; the cylindrical sensor 102A may be larger and/or
heavier than the rectangular sensor 102 illustrated in FIG. 1.
[0066] FIG. 2 is a side cross-sectional view of the rectan-
gular sensor 102 and the anchoring elements 104 of the
wireless LAP sensor device 100 illustrated previously in
FIG. 1. The sensor 102 may include a housing 206 contain-
ing a sensor circuit 210 connected to a deformable dia-
phragm 208. The diaphragm 208 is typically exposed to the
blood pressure within the left atrium (not shown). Left atrial
pressure (LAP) within the left atrium typically exerts a force
against the diaphragm 208, causing the deflection of the
diaphragm 208. The sensor circuit 210 is designed to detect
changes in the deflection of the diaphragm 208 resulting
from changes in LAP and to encode those detected changes
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into a form that may be read by an external data acquisition
device through a process of inductive telemetry. The LAP
measurements from the sensor 102 may provide valuable
information for diagnosing a variety of cardiac problems
including, but not limited to mitral stenosis and left ventricle
failure associated with high LAP. The design and operation
of the sensor circuit 210 are described in more detail herein
below.

[0067] Referring again to FIG. 2, one or more anchoring
elements 104 may be attached to the housing 206 of the
sensor 102. In one aspect, the anchoring elements 104 may
include a first anchoring element 202 and a second anchor-
ing element 204 as illustrated in FIG. 2. The anchoring
elements 104 are typically formed from a biodegradable and
resilient material capable of being reversibly deformed into
a compact folded configuration (not shown) during implan-
tation of the wireless LAP sensor device 100, typically
accomplished using catheter-based surgical methods. In
addition, the anchoring elements 104 are designed to revert
into an anchoring configuration as illustrated in FIG. 2,
typically by elastic rebound of the anchoring elements 104
from their folded configuration.

[0068] To facilitate the reversible elastic deformation of
the anchoring elements 104 into the folded configuration and
back into the anchoring position, the anchoring elements
104 may be formed from biocompatible and elastically
deformable materials including, but not limited to, memory
materials such as NITINOL. In addition, the anchoring
elements 104 may be shaped and dimensioned to provide
relatively flexible sub-structures including, but not limited
to: loops, lobes, and/or arms formed from wires and/or thin
sheets of a biocompatible and elastically deformable mate-
rial. A detailed description of the design and construction of
the anchoring elements 104 in various other aspects is
provided herein below.

[0069]

[0070] In various aspects, the wireless LAP sensor device
100 includes at least one anchoring element 104 to secure
the sensor 102 firmly in place within the left atrium 106 as
described previously. The anchoring elements 104 may be
situated against the right wall 110 of the atrial septum 108,
against the left wall 112 of the atrial septum 108, or against
both the right wall 110 and the left wall 112 of the atrial
septum 108. FIG. 4 is a close-up cross-sectional view of a
wireless LAP sensor device 100 situated within the heart of
a patient, showing the anchoring forces that secure the
sensor 102 firmly in place within the left atrium 106 in one
aspect. The anchoring elements 104 typically press against
the left wall 112 and/or right wall of the atrial septum 108.
The forces 402 and 404 generated against the right wall 110
by the anchoring elements 104 situated within the right
atrium 304 may be resisted by an opposing force 406
generated against the left wall 112 by either additional
anchoring elements 104 (not shown) situated within the left
atrium 106 and/or a surface 408 of the sensor 102 situated
adjacent to the left wall 112. These opposed anchoring
forces 402, 404, and 406 compress the atrial septum 108 and
maintain the sensor 102 in place within the left atrium 106.
In various aspects, the separation distance between the base
of the at least one anchoring element 104 and the additional
anchoring elements 104 and/or surface 408 of the sensor 102
may be slightly less than the typical thickness of the atrial
septum 108 and/or the fossa ovalis.

a. Anchoring Elements
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[0071] i. Profile and Curvature Along Length of Anchor-
ing Elements
[0072] In an aspect, the anchoring elements 104 are

designed to be compatible with the delivery/retrieval sys-
tem. In particular, the anchoring elements 104 may be
dimensioned to fit within a sheath of an introductory catheter
in a folded configuration. Typically, the folded anchoring
elements 104 may be situated proximally and/or distally to
the sensor 102, depending on the particular design of the
wireless LAP sensor device 100. As a result, the anchoring
elements 104 may each consist of an elongated and narrow
structure. In an aspect, each anchoring element 104 may
have a general shape or profile including, but not limited to
a flattened lobe, a flattened petal, or a flattened tine.
[0073] FIG. 5 is a side view of the wireless LAP sensor
device 100 illustrated previously in FIG. 2. In this aspect,
each anchoring element 202 and 204 may have a flattened
lobe profile, as illustrated in FIG. 5. In order to fit within the
sheath of an introductory catheter in a folded configuration,
each anchoring element 202 and 204 may have a maximum
width 502 that is comparable to the sensor width 504. In
another aspect (not shown), the maximum width 502 of each
anchoring element 202 and 204 may be significantly wider
than the sensor width 504. In this other aspect, the lobe
profile of each anchoring element 202 and 204 may be
compressed laterally within the sheath of the delivery cath-
eter in the folded configuration and may then expand to its
full width upon release from the sheath and subsequent
reversion to the anchoring configuration. As illustrated in
FIG. 5, each anchoring element 104 is typically rounded at
its free end to avoid injury to the atrial septum 108 during
implantation and subsequent residence in the heart of the
patient.

[0074] Referring back to FIG. 4, each anchoring element
104 may further include a curvature along its length. In the
anchoring configuration, this curvature may impart a spring
functionality to each anchoring element 104, allowing each
anchoring element 104 to exert a force against the atrial
septum 108. Each anchoring element 104 may be provided
with a curvature in any profile capable of imparting the
spring functionality to the anchoring element 104 including,
but not limited to a C-shaped profile, an S-shaped profile, a
circular arc profile, and any other suitable curvature profile.
[0075] ii. Wire-Frame Anchoring Flements

[0076] Referring back to FIG. 5, each anchoring element
104 may be constructed from a thin elongate stock formed
from a resilient material including but not limited to a wire,
resulting in an anchoring element 104 in the form of a wire
frame in various aspects. In an aspect, the cross-sectional
profile of the wire may be any known shape including, but
not limited to a round profile 506, as illustrated in FIG. 5A,
or an elliptical, semi-circular, square, rectangular, triangular,
or any other polygonal cross-sectional profile. In additional
aspects, the cross-sectional profile of the wire may be solid
or hollow. In other aspects, the material forming each
anchoring element 104 may be cut from a sheet of a suitable
material in the desired profile shape; in these other aspects,
the material of each anchoring element 104 may resemble a
wire with a rectangular or square cross-sectional profile.
[0077] 1iii. Solid Sheet Anchoring Elements

[0078] In other aspects, the one or more anchoring ele-
ments 104 may be provided in alternative forms to a wire
frame form. FIG. 6A is a side view and FIG. 6B is a
perspective view of a wireless LAP sensor device 100 in

Jan. 24,2019

another aspect. In this aspect, each anchoring element 104
may be provided in the form of a solid sheet of a resilient
material, resulting in paddle-like anchoring elements 602
and 604. These paddle-like anchoring elements 602 and 604
may have lobe-like profiles and curvatures similar to the
wire frame anchoring elements 202 and 204 illustrated in
FIG. 5. However, the added material and contact area of the
paddle-like anchoring elements 602 and 604 relative to the
wire frame anchoring elements 202 and 204 may impart
additional anchoring force capability to the paddle-like
anchoring elements 602 and 604.

[0079] The paddle-like anchoring elements 602 and 604
may possess a curvature along the length of these anchoring
elements 602 and 604 to impart a spring functionality, but
may retain a longitudinal cross-section that is essentially
planar, as illustrated in FIG. 6C. In other aspects, the
anchoring elements 104 may have non-linear longitudinal
cross-sections. FIG. 7A is a side view and FIG. 7B is a
perspective view of a wireless LAP sensor device 100 in
which the longitudinal cross-section of the anchoring ele-
ments 104 is formed into a curved profile as illustrated in
FIG. 7C, resulting in spoon-like anchoring elements 702 and
704. The curved profile may be oriented such that the outer
curve 706 is facing away from the atrial septum as illustrated
in FIG. 7; in this aspect, the curved profile may enhance the
mechanical strength of the anchoring elements 702 and 704.
In another aspect, the curved profile may be oriented such
that the outer curve 706 is facing away from the atrial
septum (not shown) which may enhance the contact area
between the anchoring elements 104 and the atrial septum.
In other additional aspects, the longitudinal cross-section of
the anchoring elements 104 may be provided in other forms
including, but not limited to: a creased profile such as a
“V-shaped” profile in which two planar segments intersect at
an angle along a crease line; a polygonal profile in which
multiple planar segments intersect at multiple crease lines; a
pleated profile such as a “W-shaped” profile; a recurved or
saddle-shaped profile, and any other longitudinal cross-
section without limitation.

[0080] In other aspects, the solid sheet forms of the
anchoring elements 104 illustrated in FIGS. 6-7 and dis-
cussed herein above may further include one or more
discontinuities in the solid sheet form including, but not
limited to: holes, voids, openings, serrations, indentations
and or protrusions along the lateral edges of the anchoring
elements 104, and any other discontinuity in the solid sheet
material used to form the anchoring elements 104. These
discontinuities may be provided to enhance the function of
the anchoring elements 104 in one or more of at least several
different manners including, but not limited to: providing
local flexibility in a desired region of an anchoring element
104; providing a surface texture that enhances the anchoring
force provided by the anchoring element 104; providing a
surface texture that inhibits the formation of blood clots
and/or enhanced the adhesion of epithelial cells and forma-
tion of the intima; providing one or more reservoirs for the
release of active compounds such as anti-inflammatory
compounds, and any combination thereof. In yet other
aspects, the one or discontinuities in the solid sheet form
may include additional materials including, but not limited
to: local reinforcing members attached to a region of an
anchoring member; protruding surface textural elements
such as protrusions, bumps, ridges, and other textural ele-
ments, and any combination thereof.
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[0081] iv. Construction of Anchoring Elements

[0082] The anchoring elements 104 may be constructed
using any biocompatible resilient material without limita-
tion. Non-limiting examples of suitable biocompatible resil-
ient materials include metals such as platinum, metal alloys
such as stainless steel, memory materials such as NITINOL,
silicone, polyurethane, plastic polyether block amide, high
density polyethylene, silicone rubber, and any other known
biocompatible resilient material. In one aspect, the anchor-
ing elements 104 may be constructed using a memory
material such as NITINOL by etching a desired anchoring
arm 104 shape from a single sheet of material, heat-forming
a NITINOL wire or other form into a desired anchoring arm
104 shape, or any combination thereof.

[0083] In other aspects, at least a portion of each anchor-
ing element 104, and or a portion of the one or more
anchoring elements 104 may be constructed using a biode-
gradable material. In these other aspects, the biodegradable
materials may be incorporated to provide for the removal of
the wireless LAP sensor device 100 after implantation. In
other additional aspects, the biodegradable materials may be
incorporated as a coating over the anchoring elements 104 to
provide additional functionality including, but not limited
to: enhanced biocompatibility, timed release of active com-
pounds such as anti-inflammatory compounds, and any
combination thereof.

[0084] v. Number and Arrangement of Anchoring Ele-
ments
[0085] In various aspects, the wireless LAP sensor device

100 may include any number of anchoring elements 104
without limitation. In various aspects illustrated in FIGS. 1,
2, and 4-7 and described previously herein, the wireless LAP
sensor device 100 may include a pair of anchoring elements
104 in various forms. FIG. 8 is a side view of a wireless LAP
sensor device 100 in one aspect that includes a single anchor
element 104. In this aspect, the single anchor element 104
and the back surface 802 of the sensor 102 exert opposing
anchoring forces that compress the atrial septum (not
shown) and maintain the sensor 102 in a fixed position
within the left atrium (not shown) of the patient.

[0086] In other aspects, the wireless LAP sensor device
100 may include between one and about twelve anchoring
elements 104. In one aspect, the anchoring elements 104
may be situated against the right wall of the atrial septum,
against the left wall of the atrial septum, or against both the
left and right walls of the atrial septum 108. In another
aspect, the anchoring elements situated against one of the
walls of the atrial septum may be uniformly distributed
about an axis perpendicular to the surface of the wall. For
example, the two anchoring elements 104 illustrated in FIG.
1 are separated by an angle of 180 degrees about an axis
perpendicular to the right wall 110 of the atrial septum 108.
[0087] FIG. 9Ais an end view and FI1G. 9B is a side view
of a wireless LAP sensor device 100 that includes a “dual
propeller” arrangement of six anchoring elements 104: a set
of three proximal anchoring elements 902 and a set of three
distal anchoring elements 904. Referring to FIG. 9A, the
proximal anchoring elements 902 are distributed at even
angular intervals about an axis perpendicular to the right
wall 110 of the atrial septum 108. In this aspect, the proximal
anchoring elements 902 are situated against the right wall
110 of the atrial septum 108 and the distal anchoring
elements 904 are situated against the left wall 110 of the
atrial septum 108. The anchoring forces in this aspect are
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provided by the anchoring elements 104, rather than by a
combination of the anchoring elements 104 and a surface of
the sensor 102 as in the various aspects described previously
herein in which all anchoring elements were situated against
the right wall 110 of the atrial septum 108.

[0088] When the anchoring elements 104 are in the
extended anchoring position pressing against the atrial sep-
tum 108, the proximal anchoring elements 902 and the distal
anchoring elements 904 may be spaced apart at a distance
906 approximately equal to the thickness of the atrial septum
108 in the area of the implanted wireless LAP sensor device
100. For example, if the device 100 is implanted in the
region of the fossa ovalis the separation distance 906 may be
about 3-4 mm. In an aspect, a biasing mechanism may be
provided to provide a force to pull the proximal anchoring
elements 902 and the distal anchoring elements 904 together
to enhance the anchoring forces provided by the anchoring
elements 104. The biasing mechanism may be adapted to
press the proximal anchoring elements 902 and/or distal
anchoring elements 904 against the walls of the atrial
septum 108.

[0089] In one aspect, the biasing mechanism may be a
spring mechanism that provides pressure on the walls of the
atrial septum 108 and pulls the proximal anchoring elements
902 and/or distal anchoring elements 904 flat against the
atrial septum 108 to maintain a low profile for the anchoring
elements 104 and the sensor 102. The spring mechanism
may include a metal spring, a spring made from other
materials with strong material memory, and any other suit-
able spring. In an aspect, the spring may be constructed from
a material including, but not limited to MP35N, nickel
chrome alloys or other suitable biocompatible materials.
[0090] The implantation of the wireless LAP sensor
device 100 in this aspect is accomplished using additional
modifications of the catheter-based implantation methods to
provide for the situation of the atrial septum between the
proximal anchoring elements 902 and the distal anchoring
elements 904. The method of implanting the wireless LAP
sensor device 100 that includes the dual propeller arrange-
ment of anchoring elements 104 is described in further detail
herein below.

[0091] FIG. 10 is a side view of a wireless LAP sensor
device 100 in an additional aspect that includes four anchor-
ing elements 104 situated against the left wall 112 of the
atrial septum 108. In this additional aspect, the anchoring is
further provided by an enlarged proximal segment 1002 of
the sensor 102 defining a flattened proximal face 1004. The
proximal face 1004 is situated against the right wall 110 of
the atrial septum 108 and generates an anchoring force
opposite to the anchoring forces generated by the four
anchoring elements 104. In one aspect, the proximal face
1004 may have a width of 0.25 mm to 4 mm to provide a
surface onto which the atrial septum 108 may be pressed to
clamp the atrial septum 108 in place in relation to the sensor
102. In addition to providing a robust clamping surface for
anchoring the device 100, the enlarged proximal segment
1002 may also impede any potential embolization of the
device 100 within the left atrium of the patient.

[0092] FIG. 11 is a side view of a wireless LAP sensor
device 100 in another additional aspect. In this aspect, the
anchoring elements 202 and 204 are provided in the form of
a wire frame similar to the device 100 illustrated in FIG. 5.
In this aspect, an additional biocompatible material is
attached to the anchoring elements 202 and 204 to form
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elastic webs 1102 and 1104, respectively. The elastic webs
1102 and 1104 may provide one or more of at least several
enhancements to the function of the anchoring elements 202
and 204. The elastic webs 1102 and 1104 may enhance the
structural integrity or elastic properties of the anchoring
elements 202 and 204. The elastic webs 1102 and 1104 may
increase the contact area between the anchoring elements
202 and 204 and the adjacent wall of the atrial septum 108,
resulting in enhanced anchoring forces; the material forming
the elastic webs 1102 and 1104 may be impregnated with
active compounds such as anti-inflammatory compounds to
accelerate the healing of the atrial septum and/or to encout-
age the overgrowth of epithelial cells and the formation of
the intima in the heart of the patient. Non-limiting examples
of suitable materials for the construction of the elastic webs
1102 and 1104 include: silicone rubber, polyurethane and/or
any other suitable flexible biocompatible material.

[0093] vi. Additional Features of Anchoring Elements
[0094] In various embodiments, the anchoring elements
104 may incorporate additional features to enhance the
function of the anchoring elements 104. FIG. 12 is a
perspective view of a wireless LAP sensor device 100 in
which a silicone disc 1202 is attached near the base 1204 of
the anchoring elements 104 in an aspect. When the device
100 is implanted, the silicone disc 1202 is situated adjacent
to the right wall of the atrial septum (not shown) along with
the anchoring elements 104. The relatively large size of the
silicone disc 1202 prevents the anchoring elements 104 from
working through the atrial septum and instigating an embo-
lism of the device 100 in the left atrium of the patient. Any
shape of silicone disc 1202 may be used in various aspects
without limitation. However, the thin disk shape provides a
low profile, which may inhibit the formation and release of
blood clots and may further encourage the overgrowth of
epithelial cells within the right atrium to form the intima. In
addition, the round shape of the silicone disc 1202 provides
a reliable minimum dimension (analogous to a round man-
hole cover) which must pass through the atrial septum 108
to provoke an embolism of the device 100.

[0095] In an aspect, the anchoring elements 104 may
include one or more radiopaque marker materials adhered to
or embedded into the anchoring elements 104. Non-limiting
examples of radiopaque marker materials include heavy
metals such as tantalum and platinum. The marker materials
may be used in conjunction with a medical visualization
technology such as fluoroscopy to monitor the position of
the anchoring elements 104 to determine one or more
positions of the one or more anchoring elements 104 to
provide positional feedback during the implantation proce-
dure and the confirm proper deployment of the anchoring
elements 104.

[0096] The marker materials may be attached at any
position on the anchoring elements 104 without limitation.
In one aspect, the marker materials may be attached near the
free end of one or more anchoring elements 104; the distance
between the one or more free ends of the anchoring elements
104 as determined from the relative positions of the free
ends may be used as an additional indication of the con-
figuration of the anchoring arms 104, and/or to confirm the
deployment of the anchoring elements 104 from a folded
position to an anchoring position during implantation of the
device 100. In another aspect, one or more marker materials
may be attached to or embedded within two or more anchor
elements 104 such that the two or more anchor elements 104

Jan. 24,2019

may be individually identified and/or differentiated from one
another using a medical visualization technology such as
fluoroscopy. In this aspect, each of the two or more anchor
elements 104 may be marked using a unique marker mate-
rial, using a unique pattern or position, or any combination
thereof.

[0097] In one illustrative example, one or more marker
materials may be incorporated into a device 100 that
includes a “dual propeller” arrangement of the anchoring
elements 104 similar to the device illustrated in FIG. 9. In
this example, the marker materials may be attached to or
embedded to the anchoring elements 104 in such a way that
the proximal anchoring elements 902 may be differentiated
from the distal anchoring elements 904 using a medical
visualization technology such as fluoroscopy. During the
implantation of the device, this differentiation between the
proximal anchoring elements 902 and the distal anchoring
elements 904 may facilitate the proper placement of these
two groups of anchoring elements 104 on opposite sides of
the atrial septum.

[0098] In another additional aspect, the anchoring ele-
ments 104 may be coated with at least one surface-modify-
ing material to impart a desired physical, chemical, or
biological characteristic to the surface of the anchoring
elements. In one aspect, the anchoring elements 104 may be
coated with a hydrophilic coating. In this aspect, the hydro-
philic coating may reduce the friction on the anchoring
elements 104 to enable smooth delivery through the sheath
or other catheter-based surgical instruments during implan-
tation of the device 100. Suitable hydrophilic coating mate-
rials may also be selected to be biocompatible and non-toxic
over the course of long-term and chronic residence of the
device 100 in the heart of the patient. Non-limiting examples
of suitable hydrophilic coating materials include: silica;
silicones; other hydrophilic polymers such as polyvinyl
pyrrolidone, polyethylene glycol, polyethylene oxide, poly-
ethyloxazoline, polypropylene oxide, polyacrylamide, poly-
vinyl alcohol, carboxylmethyl cellulose, hydroxymethyl cel-
lulose, hyaluronic acid and any other known biocompatible
and hydrophilic coating materials.

[0099] In an additional aspect, the anchoring elements 104
may also include a medicating sleeve or may be composed
of materials impregnated with active compounds. This
medicating sleeve or impregnated material may contain
active compounds to be introduced into the heart, applied to
the septal wall or placed in the bloodstream during the
implantation of the wireless LAP sensor device 100. In one
aspect, the medicating sleeve or impregnated material may
be silicone rubber, polyurethane or any other suitable bio-
compatible material impregnated with the active compound.
The active compound may be provided in the form of a
powder to be mixed with the biocompatible material to form
a ring, sleeve or similar structure to be situated on one or
more anchoring elements 104. The active compound in the
medicated sleeve or impregnated material may be time
released, contact released or released through any other
suitable mechanism known in the art. In one aspect, the
medicated sleeves or impregnated material may be impreg-
nated with anti-inflammatory agents such as various types of
steroid. In this aspect, the introduction of the anti-inflam-
matory agent may hasten the healing around the hole formed
in the atrial septum during implantation and/or may facilitate
the buildup of intima.
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[0100] b. Sensor

[0101] Referring back to FIG. 2, the wireless LAP sensor
device 100 includes a sensor 102 in various aspects. The
sensor 102 includes a housing 206 containing a sensor
circuit 210 that is connected to a deformable diaphragm 208.
The sensor circuit 210 is configured to measure left atrial
pressure (LAP) within the heart of a patient using capacitive
pressure measurement methods and to wirelessly commu-
nicate the measured pressures to an external data acquisition
device using inductive telemetry methods.

[0102] FIG. 13 is an exploded side view of the sensor 102
in one aspect with a portion of the housing 206 removed to
view the housing’s interior. In an aspect, the housing 206
defines a cavity 1302 within which the sensor circuit 210 is
hermetically sealed beneath the diaphragm 208 to protect the
sensor circuit 210 from moisture or ingress of body fluids.
The sensor circuit 210 includes an inductive coil 1304, a
fixed capacitor plate 1306, and a moveable capacitor plate
1308. The fixed capacitor plate 1306 is electrically con-
nected to the inductive coil 1304 at a first end 1310 via a first
lead 1312. The moveable capacitor plate 1308 is electrically
connected to the inductive coil 1304 at a second end 1314
via a second lead 1316. In addition, the moveable capacitor
plate 1308 is attached to an inner surface 1318 of the
diaphragm 208. The sensor circuit 210 is situated within the
cavity 1302 and the diaphragm 1318 is sealed over an
opening 1320 formed in the upper face 1322 of the housing
206.

[0103] The fixed capacitor plate 1306 and the moveable
capacitor plate 1308 together form a variable capacitor that
is electrically connected in series with the inductive coil
1304 to form an LC circuit. This LC circuit intrinsically
possesses a characteristic resonant frequency that may vary
depending on the particular capacitance of the variable
capacitor. The capacitance may vary depending on the
position of the moveable capacitor plate 1308, which shifts
position along with the diaphragm 208 depending on the
pressure applied to the external surface 1324 of the dia-
phragm 208. Thus, the resonance frequency of the LC circuit
formed by the components of the sensor circuit 210 may
encode the left atrial pressure (LAP) when the sensor 102 is
situated within the left atrium of a patient. A more detailed
description of the electrical function of the sensor circuit
210, including the measurement and encoding of LAP and
the wireless transmission of the measured LAP to an exter-
nal data acquisition device are provided herein below.
[0104] 1. Housing

[0105] The housing 206 provides a hermetically-sealed
protective covering for the internal sensor circuit 210, a
support surface for the moveable diaphragm 208, and in
certain aspects, an anchoring surface to hold the sensor 102
fixed in place, for example as illustrated in FIG. 1. In
addition, the housing 206 is designed to provide these
functions with minimal interference with the operation of
the diaphragm 208 and associated sensor circuit 210. Fur-
ther, the housing 206 may be designed to facilitate the
implantation of the wireless LAP sensor device 100, to
minimize the formation and release of blood clots within the
left atrium of the patient, and to enhance the adhesion of
epithelial cells and associated formation of the intima within
the left atrium.

[0106] In various aspects, the housing 206 may be formed
from a biocompatible, non-conductive, and non-metallic
material. Non-limiting examples of suitable materials for the
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construction of the housing 206 include: fused silica, quartz,
ceramic, and sapphire. In one aspect, the housing material
may be selected to enable wireless induction/telemetry to
function without any interference or shielding that a metallic
housing would create; in this aspect, fused silica and quartz
may be selected. In another aspect, the material may be
selected for ease of fabrication. In this other aspect, the
selected material may be compatible with the selected
method of fabrication including, but not limited to: machin-
ing, casting, and microfabrication methods such as deposi-
tion, and any combination thereof.

[0107] The external shape of the housing 206 may be any
shape capable of enclosing an internal cavity 1302 without
limitation. In one aspect, the housing 206 may have a
rectangular or prismatic shape, as illustrated in FIG. 1, for
example. In this aspect, a rectangular or prismatic shape may
potentially be easier to manufacture and may also leverage
existing sensor designs and manufacturing processes known
in the art. In another aspect, the housing 206 may have a
cylindrical shape, as illustrated in FIG. 3, for example. In
this other aspect, the cylindrical housing shape may facili-
tate the delivery and implantation of the wireless LAP sensor
device 100 using modifications of existing catheter-based
delivery methods. For example, the housing 206 may have
a circular, ovoid or other rounded shape to fit through a
primary lumen of a delivery catheter and to fit through a
passage formed in a septal wall of the heart by a needle. In
addition, the cylindrical housing shape may result in a low
profile of the sensor 102 within the left atrium 106 of the
patient during use. This low profile design may reduce the
risk of developing or releasing blood clots and may be more
amenable to the formation of the intima during an extended
and chronic residence of the device 100 within the heart of
the patient.

[0108] ii. Diaphragm

[0109] Referring back to FIG. 13, the sensor 102 includes
a flexible diaphragm 208 coupled to the sensor circuit 210.
The diaphragm 208 may be sealed over an opening 1320
formed in the upper face 1322 of the housing 206 to form the
hermetically-sealed cavity 1302 containing the sensor cir-
cuit 210. FIG. 14 is an exploded diagram illustrating one
technique for attaching the flexible diaphragm 208 to the
housing 206 in one aspect. In this aspect, the diaphragm 208
may be provided in the form of a thin disk that is sealed
around the circumference of a support surface 1402 pro-
vided on the upper face 1322 of the housing 206. FIG. 15 is
an exploded diagram illustrating another technique for
attaching the flexible diaphragm 208 to the housing 206 in
another aspect. In this other aspect, the diaphragm 208 may
be formed with a lip 1502 that is placed over the seat 1504
provided on the upper face 1322 of the housing 206. Thus,
an inside surface of the lip 1502 may, for example, be
adhered to an outside surface of the seat 1504. The dia-
phragm 208 may be attached to the housing 206 using a
variety of techniques including, but not limited to laser
welding and adhesive attachment (e.g., using an epoxy).
[0110] In use, the diaphragm 208 deflects in response to
the net force resulting from differences in the pressure inside
and outside the housing 206. The pressure outside the
housing 206 may be the left atrial pressure (LAP) when the
sensor 102 is situated within the left atrium of the patient.
Depending on the condition of the patient, LAP may range
from about 0.01 mm Hg to about 100 mm Hg. Without being
limited to any particular theory, the mean LAP in a healthy
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patient may be about 12 mm Hg, and the peak LAP in
patients with various heart conditions may range from about
10 mm Hg to about 60 mm Hg or higher, depending on the
particular type of heart condition and the severity of the
heart condition.

[0111] In various aspects, the pressure inside the housing
206 may range from about 0.01 mm Hg to about 100 mm
Hg. Pressure, as used herein, refers to the gage pressure in
a system, defined as the pressure above or below atmo-
spheric pressure; the atmosphere has a gage pressure of
about 0 mm Hg by this definition. Without being limited to
any particular theory, the sensitivity of the diaphragm 208 to
relatively small changes in LAP may be enhanced by
matching the pressures inside and outside of the housing
206. If pressure inside the housing 206 is equal to the mean
LAP and the sensor 102 is situated in the left atrium of the
patient, no net force would be exerted in the diaphragm 208
when the LAP was equal to the mean LAP. In this situation,
small changes in LAP above or below the mean LAP would
exert relatively small net forces on the diaphragm 208. As a
result, a relatively thin diaphragm 208 may be used due to
the relatively low range of anticipated forces acting on the
diaphragm 208. In addition, the diaphragm 208 may undergo
a smaller range of deflections in this situation, allowing the
diaphragm 208 to operate well within the linear elastic
region of the material from which the diaphragm is con-
structed. The pressure inside the housing 206 may be
achieved by sealing the diaphragm 208 to the housing 206
under pressure conditions matched to the desired pressure
inside the housing.

[0112] In another aspect, the gage pressure inside the
housing may be equal to about 0 mm Hg if the diaphragm
208 1s sealed to the housing 206 under atmospheric condi-
tions. In this aspect, the diaphragm 208 may deflect inwards
when situated within the left atrium and when exposed to
LAP levels in excess of 0 mm Hg. As a result, the range of
forces anticipated to act on the diaphragm 208, and the
anticipated range of deflections of the diaphragm 208 may
be higher than if the pressure inside the housing 206 was
more closely matched to the mean LAP.

[0113] In various aspects, the diaphragm 208 may be a
precision micromachined structure that may undergo a
deflection during use ranging from about 1 nanometer to
about 100 micrometers in order to provide a frequency
response suitable for the measurement of the hemodynamic
parameters associated with regular as well as irregular
heartbeats. The diaphragm 208 may be constructed using
any suitable biocompatible and elastic material. Non-limit-
ing examples of materials suitable for the construction of the
diaphragm include: silica, silicon, quartz, titanium, stainless
steel, MP35N and any other known suitable material. In one
aspect, the diaphragm 208 may be micromachined from
fused silica or fused quartz.

[0114] Referring back to FIG. 13, the movable capacitor
plate 1308 may be attached to the inner surface 1318 of the
diaphragm 208. In one aspect, an insulating layer of epoxy
of other coating may be laid down on the inner surface 1318
of the diaphragm 208 and the moveable capacitor plate 1308
may be attached using the epoxy adhesive. In this aspect,
deflections of the diaphragm 208 alter the separation dis-
tance between the moveable capacitor plate 1308 and the
fixed capacitor plate 1306, inducing a corresponding shift in
the resonance frequency of the sensor circuit 210. In this
aspect, the diaphragm 208 may be constructed from a
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non-conductive material such as fused silica or fused quartz
to minimize the electrical interference of the diaphragm 208
with the function of the sensor circuit 210.

[0115] In another aspect, the diaphragm 208 may be
formed from an electrically conductive material. Non-lim-
iting examples of suitable electrically conductive materials
include: metals such as titanium; and doped silicon materi-
als, such as highly doped SiB or SiGeB. In this other aspect,
the conductive diaphragm 208 may function as the moveable
capacitor plate 1308, obviating the need to attach a dedicated
moveable capacitor plate 1308 to the diaphragm 208. Due to
the elimination of the dedicated moveable capacitor plate
1308 and associated adhesive, the diaphragm 208 may be
more sensitive to changes in pressure in this aspect com-
pared to a diaphragm 208 with an attached moveable capaci-
tor plate 1308 as described previously herein.

[0116] iii. Sensor Circuit

[0117] Referring back to FIG. 13, the sensor 102 includes
a sensor circuit 210 electrically attached to the diaphragm
208 and sealed within the cavity 1302 formed within the
housing 206 in various aspects. FIG. 16A is a cutaway side
view and FIG. 16B is a cutaway top view of a sensor 102
illustrating the relationship of the various components of the
sensor circuit 102 in one aspect. The sensor circuit 210
includes an inductive coil 1304 electrically connected in
series to a variable capacitor made up of a fixed capacitor
plate 1306 and a moveable capacitor plate 1308. The fixed
capacitor plate 1306 is electrically connected to the induc-
tive coil 1304 at a first end 1310 via a first lead 1312. In this
aspect, the first lead 1312 may provide at least some
structural support to hold the fixed capacitor plate 1306 in a
stationary position within the housing 206. The diaphragm
208 in this aspect is constructed of a thin disk of a conduc-
tive material such as titanium and functions as the moveable
capacitor plate 1308 as described previously herein. The
diaphragm 208 is electrically connected to a second end
1314 of the inductive coil 1304 via a second lead 1316. An
outer edge 1602 of the diaphragm 208 may be sealed to a
circumferential step 1604 formed in the in the upper face
1322 of the housing 206. The diaphragm 208 sealed to the
upper face 1322 of the housing 206 define the cavity 1302
containing the sensor circuit 210

[0118] The sensor circuit 210 measures left atrial pressure
using capacitive pressure measurement methods. The induc-
tive coil 1304, fixed capacitor plate 1306, and moveable
capacitor plate 1308 are electrically connected in series to
form a resonant circuit. FIG. 17 is a schematic diagram
illustrating an idealized resonant sensor circuit 1700. The
resonant sensor circuit 1700 includes the inductor coil 1702
with an inductance La in series with a variable capacitor
1704 with a capacitance C,. Without being limited to any
particular theory, the resonant frequency f of this resonant
sensor circuit 1700 may be expressed in terms of L, and C,
according to Eqn. I:

1 Eqn (D

VLG,

[0119] The capacitance C, of the resonant sensor circuit
1700 is influenced by the separation distance of the move-
able capacitor plate 1308 from the fixed capacitor plate 1306
of the sensor 102. This separation distance may change as a
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result of the deflection of the diaphragm 208 in response to
changes in the left atrial pressure (LAP).

[0120] The resonant frequency f of the resonant sensor
circuit 1700 may be obtained using inductive telemetry
methods. Referring again to FIG. 17, a data acquisition
device 1708 that includes an external antenna coil 1706 may
be used to perform the inductive telemetry in one aspect. The
data acquisition device 1708 may communicate with the
resonant sensor circuit 1700 via a magnetic coupling 1710 of
the external antenna coil 1706 with the induction coil 1702
of the resonant sensor circuit 1700. This magnetic coupling
1710 inductively transfers power from the data acquisition
device 1708 to the resonant sensor circuit 1700. This trans-
ferred power energizes the resonant sensor circuit 1700,
which reflects back a load impedance to the acquisition
device 1708 in response. Using electrical engineering meth-
ods well-known in the art, the resonant frequency f of the
resonant sensor circuit 1700, and by extension the LAP, may
be determined. In one aspect, the magnitude of the reflected
impedance from the sensor circuit 1700 may be used to
determine the resonant frequency f. In another aspect, the
phase of the reflected impedance may be used to determine
the resonant frequency f. In an additional aspect, spectral
analysis of the reflected impedance may be performed to
determine the resonant frequency f of the resonant sensor
circuit 1700.

[0121] The range of resonant frequencies f may be influ-
enced by the particular values of the sensor’s inductance L
and capacitance C,. The particular values of L, and C;
incorporated into the resonant sensor circuit 1700 may be
determined using standard electrical engineering principals.
For example, L, may be influenced by the number of coils
and coil dimensions in the inductive coil 1304. In another
example, the capacitance C, may be influenced by the size,
shape, separation distance, and materials used in the con-
struction of the fixed and moveable capacitor plates, as well
as the stiffness and surface area of the diaphragm.

[0122] iv. Additional Sensor Features

[0123] In an aspect, the sensor 102 may include one or
more radiopaque marker materials adhered to or embedded
into the sensor 102. Non-limiting examples of suitable
radiopaque marker materials include heavy metals such as
tantalum and platinum. The marker materials may be used in
conjunction with a medical visualization technology such as
fluoroscopy to monitor the position of the sensor 102 and/or
to provide positional feedback during the implantation pro-
cedure. The marker materials may be attached at any posi-
tion on the sensor 102 without limitation.

[0124] 1In one aspect, the sensor 102 may also include a
sleeve constructed of a biocompatible material including,
but not limited to silicone. FIG. 18A is a perspective view
and FIG. 18B is a side view of a sleeve 1802 mounted on a
proximal end 1804 of the sensor 102. The sleeve 1802 may
be shaped to fit snugly over the proximal end 1804 of the
sensor 102 and may further cover the one or more anchoring
elements 104 at each element’s point of attachment to the
sensor 102.

[0125] In this aspect, the sleeve 1802 may facilitate the
insertion of the sensor 102 into the left atrium of the patient.
The material of the sleeve 1802 may smooth potentially
discontinuous transitions such as the joining of the attached
ends of the anchoring elements 104 to the proximal end 1804
of the sensor 102. In addition, the sleeve 1802 may be coated
and/or impregnated with any one or more materials to
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facilitate the insertion of the sensor 102 and to enhance the
biocompatibility of the sensor during chronic residence in
the left atrium of the patient. Non-limiting examples of
materials suitable for incorporation into the material of the
sleeve 1802 include: one or more radiopaque marker mate-
rials described herein previously to provide positional feed-
back during implantation and/or retrieval; hydrophilic coat-
ings to reduce the friction of the sensor 102 during
deposition and/or retrieval; active compounds to reduce
inflammation, inhibit the formation and release of blood
clots, and to facilitate the adhesion of epithelial cells and
associated formation of the intima within the left atrium of
the patient, and any combination thereof.

[0126] The sleeve 1802 may further include a knob 1806
projecting away from the proximal end 1804 along an axis
of symmetry 1808 of the one or more anchoring elements
104 to facilitate the snagging and/or retrieval of the sensor
102 from the patient. The knob 1806 may include a reduced
diameter neck 1810 or circumferentially extending groove
that may provide a region to which a tether may be attached
during implantation and/or retrieval of the sensor 102.
[0127] FIG. 19A is a perspective view and FIG. 19A is a
side view of a sleeve 1802 in another aspect that further
includes an extension plug 1902 extending along the axis of
symmetry 1808 of the one or more anchoring elements 104
to further facilitate the snagging and/or retrieval of the
sensor 102 from the patient. In this other aspect, the exten-
sion plug 1902 may be attached to the knob 1806 by a
flexible lanyard 1904 to facilitate the snagging of the exten-
sion plug 1902 by a tether during the implantation and/or
retrieval of the sensor 102.

[0128] In the various aspects described herein above, the
sleeve 1802 may be coated and/or impregnated with an
active compound. This medicating sleeve or impregnated
material may contain active compounds to be introduced
into the heart, applied to the septal wall or placed in the
bloodstream during the implantation of the wireless LAP
sensor device 100. In one aspect, the medicating sleeve or
impregnated material may be silicone rubber, polyurethane
or any other suitable biocompatible material impregnated
with the active compound. The active compound may be
provided in the form of a powder to be mixed with the
biocompatible material to form the sleeve 1802. The active
compound in the medicated sleeve or impregnated material
may be time released, contact released or released through
any other suitable mechanism known in the art. In one
aspect, the medicated sleeves or impregnated material may
be impregnated with anti-inflammatory agents such as vari-
ous types of steroid. In this aspect, the introduction of the
anti-inflammatory agent may hasten the healing around the
hole formed in the atrial septum during implantation and/or
may facilitate the buildup of intima.

[0129] Inother aspects, the sensor 102 may further include
one or more bioactive coatings to enhance the biocompat-
ibility and function of the sensor 102 during extended
chronic implantation in the left atrium of the patient. The
sensor may include a coating that includes a bioactive
compound to discourage excessive tissue overgrowth or
thrombus formation. The diaphragm 208 may include a
coating to encourage the adhesion of epithelial cells and the
formation of the intima.

[0130] In another additional aspect, the sensor 102 and/or
sleeve 1802 may be coated with at least one surface-
modifying material to impart a desired physical or chemical
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characteristic to the surface of the sensor 102. In one aspect,
the sensor 102 may be coated with a hydrophilic coating. In
this aspect, the hydrophilic coating may reduce the friction
on the sensor 102 to enable smooth delivery through the
sheath or other catheter-based surgical instruments during
implantation and/or retrieval of the device 100. Suitable
hydrophilic coating materials may also be selected to be
biocompatible and non-toxic over the course of long-term
and chronic residence of the device 100 in the heart of the
patient. Non-limiting examples of suitable hydrophilic coat-
ing materials include: silica; silicones; other hydrophilic
polymers such as polyviny! pyrrolidone, polyethylene gly-
col, polyethylene oxide, polyethyloxazoline, polypropylene
oxide, polyacrylamide, polyvinyl alcohol, carboxylmethyl
cellulose, hydroxymethyl cellulose, hyaluronic acid, and any
other known biocompatible and hydrophilic coating mate-
rials

[0131] II. Methods of Using Wireless LAP Sensor
[0132] In various aspects, the wireless LAP sensor device
100 may be implanted and/or retrieved using modifications
of catheter-based surgical methods as performed by the
elements of a delivery/retrieval system. The delivery/re-
trieval system and implantation/retrieval methods in these
various aspects ensure the fail-safe delivery of the device
100 and provide for repositioning and/or extraction of
chronic implants.

[0133] FIG. 20 is a flow chart illustrating a method 2000
of implanting the wireless LAP sensor device 100 in an
aspect. The method 2000 includes a set of initial steps
common to the implantation of all devices 100, and at least
two sets of specialized final steps to complete the implan-
tation of the device 100, taking into account the configura-
tion and locations of the anchoring elements 104 relative to
the atrial septum of the patient.

[0134] Side views of several components of a delivery/
retrieval system are illustrated in FIGS. 21A-C. FIG. 21Ais
a diagram of one aspect of an introducer catheter 2100 or
sheath. In this one aspect, the introducer catheter 2100 may
have a proximal end with a housing 2102. The catheter 2100
may be formed of polyether block amide, high density
polyethylene, silicone rubber, polyurethane or other mate-
rials. The materials used to form the catheter 2100 may be
biocompatible to prevent complication during insertion pro-
cedures.

[0135] 1In one aspect, the housing 2102 may be formed to
couple to other devices or components. For example, the
housing 2102 may be formed to receive a dilator, needle or
similar component. The proximal end of the catheter 2100
may also include openings to a set of lumens 2106 within the
catheter 2100. As used herein “set” refers to any number of
items including one. The catheter 2100 may contain any
number of lumens. The lumens may run the length of the
catheter or only run over a portion of the catheter 2100. The
lumens may include a primary lumen 2106. The catheter
2100 may have a diameter large enough to allow insertion of
other components such as a dilator, needles and leads. The
diameter may be small enough to enter and traverse the
vascular system of a patient. In one embodiment, the diam-
eter of the catheter 2100 may be 1-10 mm. The primary
lumen 2106 may have a diameter sufficient to receive a lead,
dilator, needle or other components.

[0136] In one aspect, the catheter 2100 may be a deflect-
able catheter. The catheter 2100 may be manipulated to
curve at its distal end 2108 to facilitate insertion. In a further
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embodiment, the catheter may be precurved. The catheter
2100 may include a main body 2110. The main body 2110
may have any length. In one embodiment, the main body
2110 has sufficient length to traverse an intravenous path to
the right atrium of a heart. The housing 2102 may include a
mechanism 2112 to control the distal end 2108 of the
catheter 2110 as it is advanced into a patient. The mechanism
2112 may be a lever as illustrated in FIG. 21A, a control
stick, a handle or other mechanism to control the curve of the
distal end 2108 of the catheter 2100 using a wire line system
or similar system. The distal end 2108 may contain or be
covered with a marker 2114 to assist in the insertion process.
The marker 2114 may be a heavy metal such as tantalum or
similar substance that is visible via fluoroscopy or other
system for tracking instruments in a patient, similar to the
radiopaque markers described previously herein above.
[0137] FIG. 21B is a diagram of one aspect of a dilator
2116. The dilator 2116 may have a housing 2118 at the
proximal end, a long tubular body 2120 and a distal tip 2122.
The long tubular body 2120 may define an inner lumen
2124. The inner lumen 2124 and body 2120 may be flexible
to assist during insertion of the dilator 2116. The dilator 2116
may be formed from silicon rubber, polyurethane, polyether
block amide, high density polyethylene and other materials.
The diameter of the dilator 2116 may be between 1-8 mm.
In one embodiment, a portion of the dilator 2116 near the
distal tip 2112 may have a larger outer diameter. In one
embodiment, the length of this enlarged portion may be 5-8
mm. The length of a typical distal end may be 1-5 mm.
[0138] FIG. 21C is a diagram of one aspect of a needle
2126. The needle 2126 may have a proximal end 2128 with
an enlarged diameter. The proximal end 2128 may be formed
to be coupled to other instruments and devices. For example,
the proximal end 2128 may be coupled to a dye injection
device or similar device. The proximal end 2128 may also
include an opening to an interior lumen 2130 or set of
lumens. These lumens may run the entire length of the
needle 2126 or over a portion of the needle 2126. The needle
2126 may be formed from a flexible material to allow it to
follow the path of a dilator 2116 or catheter 2100 through a
vascular system of a patient to the heart. In one embodiment,
the needle 2126 may be partially or fully formed from steel,
Nitinol (an alloy of nickel and titanium), or another alloy or
metal. The needle 2120 may have a diameter 0£0.25 to 3 mm
or any other suitable diameter.

[0139] Inoneaspect, the distal end of the needle 2120 may
form a point 2132. The point 2132 may be sufficiently sharp
to puncture through organic structures. The end point 2132
may also be open allowing access to the interior lumen 2130.
In another embodiment, the needle 2126 may be solid with
a solid tip 2132.

[0140] Referring back to FIG. 20, the method 2000 of
implanting the wireless LAP sensor device 100 includes
inserting a catheter and needle at step 2002 to advance the
needle into the right atrium of the patient and releasing a dye
into the right atrium at step 2004 to confirm proper place-
ment of the catheter. The dye may be used in connection
with fluoroscopy or similar techniques and systems for
monitoring instrument position in the body of a patient. The
distal end of the catheter may be positioned adjacent to the
atrial septum and the fossa ovalis. The needle then pen-
etrates the atrial septum at step 2006 and dye is released into
the left atrium at step 2008 to confirm proper placement of
the catheter. The release of dye or other markers may
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continue through the process of penetration or may be
restarted just after penetration of the septal wall. The dilator
is then advanced through the hole formed in the atrial
septum at step 2010 to enlarge the hole formed by the
needle, followed by advancement of the catheter and sheath
through the enlarged hole at step 2012.

[0141] Once the catheter and sheath have been advanced
through the atrial septum at step 2012, the remaining steps
of the method 2000 performed to situate and anchor the
wireless LAP sensor device 100 may differ depending on the
particular design of the device. In one aspect, the remaining
steps may depend on whether the device 100 includes
anchoring elements situated adjacent to the right wall of the
atrial septum, as illustrated for example in FIG. 1, or
whether the device 100 includes anchoring elements situated
adjacent to both the left and right walls of the atrial septum,
as illustrated for example in FIG. 3.

[0142] FIGS. 22A-C are cutaway side views of a sheath
2202 containing a wireless LAP sensor device 100 of the
embodiment of FIG. 2. Initially the device 100 is in a folded
configuration (FIG. 22A) that is progressively advanced at
step 2012 of the delivery method 2000 until the device 100
exits the sheath 2202 (FIG. 22B) and the anchors 104 are
allowed to fully expand (FIG. 22C) once the device 102
extends through the heart wall (FIG. 22D). In this aspect, the
wireless LAP sensor device 100 is similar to the device 100
illustrated in FIG. 2. As shown in FIG. 22A, the sensor 102
is situated near the distal end 2204 of the sheath 2202 and
the anchoring elements 104 in the folded configuration
extend in a proximal direction 2206 toward a guide tube
2208. The free ends of the anchoring elements 104 may be
attached to one or more tethers 2210 protruding from the
distal end 2212 of the guide tube 2208. The sheath 2204
maintains the device 100 in a folded configuration during the
situation of the sensor 102 within the left atrium of the
patient. In addition, as shown in FIG. 22B, the sheath may
be made to slide in a proximal and/or distal direction to
expose at least a portion of the device 100 during implan-
tation. As the sheath 2202 is slid in a proximal direction
2206 to expose portions of the device, those parts of the
device that are constructed of elastic elements, such as the
anchoring elements 104, may elastically rebound to revert to
the unfolded configuration suitable for anchoring the device
100, as illustrated in FIG. 22C to be implanted or anchored
in the heart wall as shown in FIG. 22D.

[0143] In one aspect, the one or more tethers 2210 may
control the position of the sensor 102 and anchoring ele-
ments 104 during implantation. In addition, the one or more
tethers may be reattached to the anchoring elements, sensor
housing, or any other suitable snagging structure incorpo-
rated into the device 100 in order to retrieve the device 100
if necessary.

[0144] The remaining steps of the method 2000 may differ
depending on the design of the device 100 to be implanted.
[0145] a. Implanting Rectangular/Prismatic Sensor
[0146] To accomplish the anchoring of a device 100 that
includes a sensor 102 with a rectangular or prismatic profile,
similar to the devices illustrated in FIGS. 1-2, the remaining
steps of the method 2000 entail positioning the sensor 102
adjacent to the left wall of the atrial septum and the
anchoring elements 104 adjacent to the right wall of the
atrial septum.

[0147] Referring back to FIG. 20, the catheter and sheath
were advanced into the left atrium at step 2012. As can be
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understood from FIGS. 22B-D, at step 2014, the catheter and
sheath are withdrawn together to situate the sensor against
the left wall of the atrial septum within the left atrium and
the anchoring bodies within the right atrium; the atrial
septum is situated between the sensor and the anchoring
elements. At step 2016, the sheath is withdrawn to deploy
the anchor elements in the right atrium (FIG. 22D). The
tether can be used to adjust the positioning of the device in
the heart wall and, once a desired positioning and anchoring
arrangement is achieved, the tether can be detached, per step
2018. The catheter and sheath can then be withdrawn from
the patient (step 2020).

[0148] A similar method of implantation may be used for
devices 100 that include snaring elements such as the knob
1806 and/or extension plug 1902 as illustrated in FIGS.
18A-19B with minor modifications. For a specific discus-
sion regarding the delivery of the device embodiment of
FIGS. 19A-B, reference is made to FIGS. 23A-F, which are
cutaway side views of a sheath 2202 containing a wireless
LAP sensor device 100 being progressively deployed. A
tether snare loop 2210 is attached to the extension plug 1902
of the device at step 2022. The device is initially in a folded
configuration (FIG. 23A) that is progressively advanced at
step 2024 of the delivery method 2000 until the device 100
exits the sheath 2202 (FI1G. 23B) and is extended through the
heart wall (FIG. 23C). As can be understood from FIG. 23C,
although the device extends through the heart wall, the
anchoring elements 104 remain encased inside of the sheath
2202 at the completion of step 2024, thereby maintaining the
anchoring elements 104 in a folded position.

[0149] Once the device extends through the heart wall, the
anchors 104 are then allowed to fully expand (FIG. 23D-E).
Specifically, the sheath is withdrawn to deploy the anchoring
elements at step 2026. After the completion of step 2026, the
anchors 104 and device 102 act on the heart wall (FIGS.
23F-G) to anchor the device in place. The sensor 102 is now
situated in the left atrium 106 and the anchoring elements
104 are situated in the right atrium 304. The tether 2210
remains attached to the extension plug 1902 after the
completion of step 2026 to provide a means of adjusting the
position of the device 100 and/or removing the device 100
if needed.

[0150] After confirming proper placement of the sensor
and anchoring elements, and/or performing any final adjust-
ments to the positions of the sensor and/or anchoring ele-
ments, the tether is detached from the extension plug 1902
at step 2030. Specifically, the tether may then be detached by
operating a mechanism at the proximal end of the snare
catheter at step 2030. If the sensor was deployed incorrectly,
the tether can be used to pull the sensor back into the sheath
and then redeployed in the correct position. The catheters
and sheath may then be withdrawn from circulation at step
2032 to complete the implantation of the device.

[0151] The method of implantation discussed above with
respect to the embodiment of FIGS. 19A-B and FIGS.
23A-G may be used for the device 100 that includes a
snaring element in the form of a knob 1806 with minor
modifications.

[0152] b. Implanting Cylindrical Sensor

[0153] To implant a device 100 that includes both proxi-
mal and distal anchoring elements 104, such as the cylin-
drical sensor illustrated in FIG. 3, a modified method 2000
may be used. The device 100, which is attached to the tether
within the sheath, may be advanced through sheath until the
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distal anchoring elements are deployed at step 2034. The
sensor and sheath are then withdrawn together until the
distal anchor elements are flush with septum wall in the left
atrium at step 2036. The sheath only is then withdrawn until
the proximal anchoring elements are deployed against the
septum wall in right atrium at step 2038. As illustrated in
FIG. 24, the tether may then be detached at step 2040 and the
catheters and sheath may then be withdrawn from circula-
tion at step 2042 to complete the implantation of the device.
[0154] c. Method of Extracting Sensor

[0155] In various aspects, the device 100 may be extracted
from the patient using a procedure that is essentially the
reverse of the deployment method 2000 illustrated in FIG.
20. A catheter-based snare may be used to grab the extension
plug 1902, knob 1808, or other snagging structure incorpo-
rated into the device 100. Once the device 100 is snagged,
the device 100 may be withdrawn from the atrial septum by
applying traction to the extension plug 1902, knob 1808 or
other snagging structure via the snare. An outer sheath
provided with the catheter may be used to provide counter-
traction and to facilitate the deformation of the anchoring
elements 104 into the folded configuration within the sheath,
allowing for the safe extraction of the device 100.

[0156] The foregoing merely illustrates the principles of
the technology disclosed herein. Various modifications and
alterations to the described embodiments will be apparent to
those skilled in the art in view of the teachings herein. It will
thus be appreciated that those skilled in the art will be able
to devise numerous systems, arrangements and methods
which, although not explicitly shown or described herein,
embody the principles of the disclosed technology and are
thus within the spirit and scope of the disclosed technology.
From the above description and drawings, it will be under-
stood by those of ordinary skill in the art that the particular
embodiments shown and described are for purposes of
illustrations only and are not intended to limit the scope of
the disclosed technology. References to details of particular
embodiments are not intended to limit the scope of the
disclosed technology.

What is claimed is:

1. A method of retrieving a wireless and leadless left atrial
pressure measurement device from a left atrium of a patient,
the method comprising:

advancing a catheter situated within a sheath into a right

atrium of the patient;

retracting the sheath to expose a tether of the catheter;

securing the tether to the device;

withdrawing the device from the atrial septum;

situating the device within the sheath; and

retracting the catheter, sheath, and device from the

patient.

2. The method of claim 1, wherein withdrawing the device
comprises applying traction to the device using the tether to
withdraw the device from the atrial septum.

3. The method of claim 1, wherein situating the device
within the sheath comprises applying countertraction to the
device using the sheath.

4. The method of claim 1, wherein the device includes a
proximal portion including a proximal coupling feature and
securing the tether to the device comprises securing the
tether to the proximal coupling feature.

5. The method of claim 4, wherein the proximal coupling
feature is one of a knob, a disc, or an extension plug.
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6. The method of claim 1, wherein the device includes a
plurality of anchoring elements, each of the plurality of
anchoring elements being in a deployed state when the
device is disposed in the atrial septum and in an undeployed
state when the device is situated within the sheath.

7. The method of claim 6, wherein situating the device
within the sheath comprises applying first countertraction to
the sheath to situate a first anchoring element of the plurality
of anchoring elements within the sheath.

8. The method of claim 7, wherein situating the device
within the sheath further comprises applying second coun-
tertraction to situate a second anchoring element of the
plurality of anchoring elements within the sheath.

9. The method of claim 8, wherein the first anchoring
element is a proximal anchoring element and the second
anchoring element is a distal anchoring element.

10. The method of claim 6, wherein when the device is
situated within the sheath, at least one anchoring element of
the plurality of anchoring elements is in a folded configu-
ration and extends in a proximal direction within the lumen.

11. The method of claim 6, wherein when the device is
situated within the sheath, at least one anchoring element of
the plurality of anchoring elements is in a folded configu-
ration and extends in a distal direction within the lumen.

12. The method of claim 6, wherein each of the plurality
of anchoring elements is biased into the deployed state.

13. The method of claim 6, wherein each of the plurality
of anchoring elements is disposed in the right atrium when
the device is in the atrial septum.

14. A method of retrieving a wireless and leadless left
atrial pressure measurement device from a left atrium of a
patient, the method comprising:

advancing a snare catheter situated within a sheath into a
right atrium of the patient;

retracting the sheath to expose a snare loop of the snare
catheter;

securing the snare loop around a knob or an extension
plug projecting from the device;

applying traction to the knob or the extension plug using
the snare catheter to withdraw a sensor of the device
from the atrial septum;

applying countertraction using the sheath to deform an
anchoring element of the device into a folded configu-
ration and to situate the device within the sheath; and

retracting the snare catheter, sheath, and device from the
patient.

15. The method of claim 14, wherein the device includes
a proximal portion including a proximal coupling feature
and securing the tether to the device comprises securing the
tether to the proximal coupling feature.

16. The method of claim 15, wherein the proximal cou-
pling feature is one of a knob, a disc, or an extension plug.

17. The method of claim 14, wherein the anchoring
element is one of a plurality of anchoring elements, each of
the plurality of anchoring elements being in a deployed state
within the right atrium when the device is disposed in the
atrial septum and compressed into an undeployed state when
the device is situated within the sheath.

18. The method of claim 17, wherein the plurality of
anchoring elements includes a proximal anchoring element
and a distal anchoring element.
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19. The method of claim 17, wherein when the device is
situated within the sheath, at least one of the plurality of
anchoring element extends in a proximal direction within the
lumen.

20. The method of claim 17, wherein, when the device is
situated within the sheath, at least one of the plurality of
anchoring element extends in a distal direction within the
lumen.
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