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1
DEVICES FOR FIXING A SENSOR IN A
LUMEN

RELATED APPLICATIONS

The application claims priority from U.S. Provisional
Patent Application Ser. No. 60/737,131, filed Nov. 15, 2005,
and is a continuation-in-part of U.S. patent application Ser.
No. 11/034,502, filed Jan. 12, 2005, both of which are
expressly incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to the field of implantable medical
devices, and in particular, to devices and methods for
positioning a sensor within the lumen of a blood vessel.

BACKGROUND OF THE INVENTION

The use of sensing devices in anatomical lumens is well
known. For example, U.S. Pat. No. 4,485,813 describes a
cardiac pacemaker sensor that can be permanently implanted
in a specific location within a patient’s body. U.S. Pat. Nos.
6,645,143, 6,053,873, and 6,442,413 and U.S. Patent Pub-
lication No. 2002/0188207 describe medical monitoring
sensors designed to be permanently implanted in blood
vessels and capable of sensing and transmitting via a telem-
etry link to an external monitor. The implanted sensing
devices are utilized for monitoring physiological parameters
within the patient’s body.

Because the force created by the blood flow and/or heart
movement, which may act on an implanted sensing device
like a sail, tends to drag the sensing device longitudinally
along the vessel, or rotate it in the case where the sensing
device is implanted adjacent a bifurcation of a vessel branch,
it is critical that the anchoring force created between the
sensing device and the wall of the blood vessel be as great
as possible. However, high local or radial force on the
relative weak pulmonary artery vessel wall may cause
perforation or aneurysm. Many of the vascular implantation
techniques assume that the segment of the blood vessel in
which the sensing device is intended to be implanted is
straight (i.e., it has no branches). In some cases, however, the
vessel segment may be branched. If the vessel segment
adjacent the branch is long enough to accommodate the
entire length of the sensing device, the sensing device may
be implanted within the blood vessel without regard to the
branch. If, however, the length of the vessel segment is
limited, the sensing device may not be adequately implanted
within the vessel segment without crossing the branch. In
this case, the implanted sensing device may block future
access to the vessel branch, e.g., during catheterization, may
be unstable due to the transverse blood flow through the
branch, and worse yet, may cause blood clots that may
potentially result in an embolism. As a result, the length of
the sensing device sufficient for affixation to the wall of the
blood vessel may have to be reduced in order to accommo-
date the branched vessel. In addition, the diameters of many
blood vessels are not uniform, and may even be conical,
thereby presenting further challenges to lengthening the
sensing device.

The right pulmonary artery, which is frequently the target
of sensor implantation, such as for the purpose of monitoring
hemodynamic parameters indicative of the efficiency of the
heart or measure the glucose level of the blood, is both
branched and non-uniform. For example, referring to FIG. 1,
an implantable sensing device 10, which generally includes
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2

a fixation element 12 (e.g., a stent) and a sensing element 14
coupled to the fixation element 12, is shown implanted
within the right pulmonary artery RPA of a patient. As
shown by the arrows, blood flows from the right ventricle
RV of the heart, out through the main pulmonary artery
MPA, which branches into the right pulmonary artery RPA
and a left pulmonary artery LPA. The sensing element 14,
once implanted, may thus be capable of monitoring, e.g., the
hemodynamic parameters of the blood flowing from the
right ventricle RV.

As can be seen in FIG. 1, the right pulmonary artery RPA
branches into various side branches SBR, none of which is
crossed by the sensing device 10 to prevent the afore-
mentioned problems from occurring. However, because the
length of the implantable segment of the right pulmonary
artery RPA (i.e., the segment between the point at which the
right pulmonary artery RPA begins and the point at which
the first side branch SBR, known anatomically as “Truncus
anterior”, begins) is relatively short (on average, about 40
mm), the length of the fixation element 12 must be relative
short in order to accommodate the side branch SBR.

Because the length of the fixation element 12 must be
relatively short, the stability of the sensing device 10 may be
compromised. In addition, as can be seen from FIG. 1, the
diameter of the right pulmonary artery RPA substantially
decreases in the distal direction (i.e., from right to left),
which causes the proximal end of the fixation element 12 to
engage the vessel wall less firmly than the distal end of the
fixation element 12 engages the vessel wall, thereby further
compromising the stability of the sensing device 10.

There, thus, is a need to provide an improved technique
for implanting a sensing device in a non-uniform and
branched anatomical vessel.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present inventions,
an implant for sensing parameters within an anatomical
vessel network (e.g., the blood vessel network) of a patient
is provided. The implant comprises a first fixation element
having an expanded geometry for firmly engaging a wall of
the vessel network at a first longitudinal location, and a
second fixation element having an expanded geometry for
firmly engaging the wall of vessel network at a second
longitudinal location. The fixation elements can take the
form of any suitable element, such as, e.g., a stent or a coil.
The first and second longitudinal locations may be, e.g., in
a single anatomical vessel, or respectively in a main ana-
tomical vessel and an anatomical vessel branch of the main
anatomical vessel. In one method, the vessel network has
substantially differing diameters at the first and second
longitudinal locations.

The implant further comprises a connecting element
mechanically coupling the first and second fixation elements
together in an articulating manner. The implant can option-
ally comprise a third fixation element having an expanded
geometry for firmly engaging the wall of vessel network at
a third longitudinal location, and another connecting ele-
ment mechanically coupling the second and third fixation
elements together in an articulating manner. While the
present inventions should not be so limited in their broadest
aspects, articulation of the fixation elements allows them to
expand and move relative to each other, so that, e.g., they
can be implanted within misaligned vessel segments (e.g., a
main anatomical vessel and a branch of the anatomical
vessel) or vessel segments with non-uniform diameters.
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The implant further comprises a sensing element
mechanically coupled to the first fixation element opposite
the connecting element. The sensing element can be, e.g.,
one or more of a pressure sensor, an accelerometer, a
position sensor, a wall motion sensor, a flow sensor, a
temperature sensor, an oxXygen sensot, a calcium sensor, a
potassium sensor, a glucose sensor, a coagulation sensor, an
electrical activity sensor, and a pH sensor. In an optional
embodiment, the implant further comprises a transmitter
configured for wirelessly transmitting information sensed by
the sensing element to a remote receiver.

In accordance with a second aspect of the present inven-
tions, a method of implanting a sensing device within an
anatomical vessel network (e.g., a blood vessel network) of
a patient is provided. The method comprises expanding a
fixation element (e.g., a stent or coil) of the device into firm
contact with a wall of a main anatomical vessel (e.g., a right
pulmonary artery), and locating a stabilization element of
the device into contact with a wall of an anatomical vessel
branch of the main anatomical vessel. By way of non-
limiting example, the stabilization element may be a second
fixation element that is expanded into firm contact with the
wall of the anatomical vessel branch or an element that
resists rotation of the fixation element about a longitudinal
axis of the main anatomical vessel. An optional method
comprises expanding a third fixation element of the device
into firm contact with the wall of the main anatomical vessel,
wherein the first fixation element is located proximal to the
anatomical vessel branch, and the third fixation element is
located distal to the anatomical vessel branch. Optionally,
the distal and or proximal anchor may have hooks for adding
active fixation of the device minimizing potential migration.

In accordance with a third aspect of the present inven-
tions, a method of implanting a sensing device within an
anatomical vessel network (e.g., a blood vessel network)
having a main anatomical vessel and an anatomical vessel
branch of the main anatomical vessel is provided. The
method comprises expanding a first fixation element of the
device into firm contact with the wall of the main anatomical
vessel (e.g., a right pulmonary artery) at a longitudinal
location proximal to the anatomical vessel branch, and
expanding a second fixation element of the device into firm
contact with the wall of the main anatomical vessel at a
longitudinal location distal to the anatomical vessel branch.
The fixation elements can take the form of any suitable
element, such as a stent or a coil. An optional method
comprises expanding a third fixation element of the device
into firm contact with the wall of the anatomical vessel
branch.

The methods described above may optionally comprise
locating a sensing element of the sensing device within the
main anatomical vessel when the first fixation element is
firmly engaged with the wall of the main anatomical vessel
and the stabilization element is in contact with the wall of
the anatomical vessel branch. The sensing element may be
operated to measure, e.g., one or more of a pressure,
acceleration, wall motion, fluid flow, temperature, oxygen
level, glucose level, coagulation, electrical activity, and pH
level within the anatomical vessel. Such measured informa-
tion can be wirelessly transmitted from the sensing device.

While the present inventions should not be so limited in
their broadest aspects, in accordance with the afore-de-
scribed methods, the only portion of the sensing device
within the bifurcation between the main anatomical vessel
and the anatomical branch is the connecting element, which
may have a relatively low profile. As a result, very little
force will be applied to the sensing device by fluid flowing
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between the anatomical branch and the main anatomical
vessel, thereby increasing the stability of the sensing device
within the main anatomical vessel, and in the case where the
fluid is blood, decreasing the chance of embolism that may
otherwise result from clots formed by the obstructed blood
flow. In addition, because the connecting element may have
a low profile, future access to the anatomical branch is not
significantly hindered, thereby preserving the capability of
catheterizing the anatomical branch if necessary or desired.
The connecting element allows the fixation elements to
follow the anatomical vessel shape and movement, while
preventing device migration. Also, the connecting elements
enable a long, yet flexible, sensing device, thereby allowing
easy delivery even through tortuous vessels, while its length
prevents it from rotating into a bifurcation.

Other and further aspects and features of the invention
will be evident from reading the following detailed descrip-
tion of the preferred embodiments, which are intended to
illustrate, not limit, the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of preferred
embodiments of the present invention, in which similar
elements are referred to by common reference numerals. In
order to better appreciate how the above-recited and other
advantages of the present inventions are obtained, a more
particular description of the present inventions briefly
described above will be rendered by reference to specific
embodiments thereof, which are illustrated in the accompa-
nying drawings. Understanding that these drawings depict
only typical embodiments of the invention and are not
therefore to be considered limiting ofits scope, the invention
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which:

FIG. 1 is a side view of a prior art sensing device
arrangement within a pulmonary arterial network of a
patient;

FIG. 2 is a side view of a first sensing device arrangement
within the pulmonary arterial network in accordance with
the present inventions;

FIG. 3 is a side view of a second sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 4 is a side view of a third sensing device arrangement
within the pulmonary arterial network in accordance with
the present inventions;

FIG. 5 is a side view of a fourth sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 6 is a side view of a fifth sensing device arrangement
within the pulmonary arterial network in accordance with
the present inventions;

FIG. 7 is a side view of a sixth sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 8 is a side view of a seventh sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 9 is a side view of an eighth sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 10 is a side view of a ninth sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;
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FIG. 11 is a side view of a tenth sensing device arrange-
ment within the pulmonary arterial network in accordance
with the present inventions;

FIG. 12 is a side view of an eleventh sensing device
arrangement within the pulmonary arterial network in accor-
dance with the present inventions;

FIG. 13 is a side view of an alternative embodiment of a
fixation element used in the eleventh sensing device arrange-
ment of FIG. 12;

FIG. 14 is a side view of another alternative embodiment
of fixation element used in the eleventh sensing device
arrangement of FI1G. 12;

FIG. 15 is a side view of a still another alternative
embodiment of a fixation element used in the eleventh
sensing device arrangement of FIG. 12;

FIG. 16 is a side view of yet another alternative embodi-
ment of fixation element used in the eleventh sensing device
arrangement of FI1G. 12;

FIG. 17 is a side view of yet another alternative embodi-
ment of fixation element used in the eleventh sensing device
arrangement of F1G. 12;

FIGS. 18A-18D are side views illustrating one method of
implanting a sensing device within the pulmonary arterial
network in accordance with the present inventions; and

FIGS. 19A-19H are side views illustrating other methods
of implanting a sensing device within the pulmonary arterial
network in accordance with the present inventions.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to FIG. 2, an implantable sensing device 20
constructed in accordance with the present inventions will
now be described. The sensing device 20 is shown implanted
within an anatomical vessel network, and in particular, the
pulmonary arterial network of a patient. As previously
described, blood flows from the right ventricle RV of the
heart H, out through the main pulmonary artery MPA, which
branches into the right pulmonary artery RPA and a left
pulmonary artery LPA. The blood from the right pulmonary
artery RPA further flows into various pulmonary artery
branches PBR of the right pulmonary artery RPA.

The sensing device 20 generally comprises a proximal
fixation element 22, a distal fixation element 24, a connect-
ing element 26 mechanically coupling the proximal fixation
element 22 to the distal fixation element 24, and a sensing
element 28 mechanically coupled to the proximal fixation
element 22 via another connecting element 30 opposite the
connecting element 26 (i.e., the proximal fixation element
22 is between the connecting elements 26, 30). As shown in
FIG. 2, the proximal fixation element 22 is firmly engaged
with the wall of the right pulmonary artery RPA at a
longitudinal location proximal to a side branch SBR, while
the distal fixation element 24 is firmly engaged with the wall
of the side branch SBR.

It can be appreciated that the use of two fixation elements
22, 24 effectively increases the anchoring force between the
sensing device 20 and the vessel wall of the pulmonary
arterial network in the longitudinal direction, thereby mini-
mizing the chance that the sensing device 20 will migrate
within the right pulmonary artery RPA after implantation. In
addition, because the distal fixation element 24 is disposed
in the side branch SBR transverse to the lumen of the right
pulmonary artery RPA, the anchoring force between the
sensing device 20 and the vessel wall of the pulmonary
arterial network is also increased in a rotational direction
about the longitudinal axis of the right pulmonary artery
RPA.
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Advantageously, the connecting element 26 allows the
fixation elements 22, 24 to articulate relative to each other,
so that the distal fixation element 24 can be more easily
disposed within the pulmonary branch BR, while the proxi-
mal fixation element 22 is disposed within the right pulmo-
nary artery RPA. Also, the only portion of the sensing device
20 that is within the bifurcation between the right pulmonary
artery RPA and the side branch SBR is the relatively low
profile connecting element 26. As a result, very little force
will be applied to the sensing device 20 by the blood flowing
into the side branch SBR from the right pulmonary artery
RPA, thereby increasing the stability of the sensing device
20 within the right pulmonary artery RPA, as well as
decreasing the chance of embolism that may otherwise result
from clots formed by the obstructed blood flow. In addition,
because the connecting element 26 has a low profile, future
access to the side branch SBR is not significantly hindered,
thereby preserving the capability of catheterizing the side
branch SBR if necessary or desired.

The other connecting element 30 may be rigid, so as to
maintain the sensing element 28 at a constant position, or
can be flexible, so as to enable movement of the sensing
element 28 within the vessel lumen. In the illustrated
embodiment, the other connecting element 30 maintains the
sensing element 28 between the vessel wall and the center of
the vessel lumen, e.g., between 0.05 mm and 0.8r, where r
is the radius of the vessel lumen. For example, for a lumen
having a radius of r=10 mm, the sensing element 28 can be
positioned at a distance between 0.05 mm and 8§ mm from
the vessel wall. In alternative embodiments, the sensing
element 28 can be located either in contact with the vessel
wall, at the vicinity of the vessel wall, or in any other
convenient location within the vessel lumen. In these cases,
the sensing element 28 may be connected directly to the
proximal fixation element 22.

As illustrated in FIG. 2, each of the fixation elements 22,
24 has an expandable stent-like configuration having one or
more struts coupled together to provide an outwardly urging
radial force against the vessel wall. In the illustrated embodi-
ment, the resilient struts are in an open radial zigzag
configuration. Alternatively, the resilient struts may be in a
closed radial zigzag configuration, as illustrated in FIG. 3. In
either case, the expanded sizes, and in particular the diam-
eters, of the fixation elements 22, 24 are individually
selected to provide the necessary anchoring force within the
respective vessel segments in which they are intended to be
disposed,; in this case, within the right pulmonary artery RPA
and the side branch SBR, so that the expanded diameter of
the proximal fixation element 22 will be greater than the
expanded diameter of the distal fixation element 24.

In the illustrated embodiment, the struts of the fixation
elements 22, 24 are composed of a suitable material that
allows the fixation elements 22, 24 to self-expand radially
outward in the absence of a compressive force. To this end,
the fixation elements 22, 24 may be manufactured from a
wire, a laser cut tube, or a chemical etched tube or metal
sheet composed of a suitable biocompatible material, such
as nickel-titanium alloy, stainless steel, titanium, or cobalt-
based alloy, or to enhance the radio-opacity of the sensing
device, tantalum, gold, platinum, or platinum-iridium. The
fixation elements 22, 24 may altematively be composed of
a polymer, including a shape memory polymer with or
without the addition of radio-opaque material (e.g., barium
sulfate). The cross-section of the struts may be, e.g., round,
oval, rectangular, or any convenient shape. The thickness of
the struts may be in the range of 0.05-0.5 mm. The struts
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may optionally include ridges, barbs, or hooks for prevent-
ing migration of the sensing device 20 within the vessel
lumen.

Each of the connecting elements 26, 30 may be composed
of a suitable biocompatible material, such as nickel-titanium
alloy, stainless steel, titanium, or cobalt-based alloy, or to
enhance the radio-opacity of the sensing device, tantalum,
gold, platinum, or platinum-iridium. The connecting ele-
ments 26, 30 may alternatively be composed of a polymer,
including a shape memory polymer with or without the
addition of radio-opaque material (e.g., barium sulfate).

In the illustrated embodiment, the sensing element 28 is
a pressure sensor for monitoring blood pressure within the
blood vessel. However, any known sensor can be used,
including, but not limited to, an accelerometer, a wall motion
sensor, a flow sensor, temperature sensor, OXygen Sensor,
glucose sensor, coagulation sensor, an electrical activity
sensor, and pH sensor. In alternative embodiments, another
operative element can be located either in contact with the
vessel wall, at the vicinity of the vessel wall, or in any other
convenient location within the vessel lumen. The operative
element may be another sensing element different from the
sensing element 28, or an energy source, such as a battery.
For example, using an isolated electrical wire, the sensing
element 28 can be electrically connected to a battery for
enabling energy transfer from the battery to the sensing
element 28. Further details describing the structure and
function of implantable sensing elements are disclosed in
U.S. Pat. Nos. 6,764,446 and 7,024,248, which are expressly
incorporated herein by reference.

Referring now to FIG. 4, the sensing device 20 is shown
implanted within the vessel network in a different configu-
ration. In particular, the proximal fixation element 22 is
firmly engaged with the wall of the right pulmonary artery
RPA at a longitudinal location proximal to the side branch
SBR, while the distal fixation element 24 is firmly engaged
with the wall of the right pulmonary artery RPA at a
longitudinal location distal to the side branch SBR.

As previously described with respect to FIG. 2, the use of
two fixation elements 22, 24 effectively increases the
anchoring force between the sensing device 20 and the
vessel wall of the pulmonary arterial network in the longi-
tudinal direction, thereby minimizing the chance that the
sensing device 20 will migrate within the right pulmonary
artery RPA after implantation. In addition, because the
fixation elements 22, 24 articulate relative to each other, the
non-uniformity of the diameter along the right pulmonary
artery RPA does not significantly diminish the anchoring
capability of the sensing device 20. While the configuration
shown in FIG. 4 does not use the side branch SBR as an
anchoring mechanism, it does accommodate the side branch
SBR by only locating the low-profile connecting element 26
at the bifurcation. The connecting element 26 may either
cross the side branch SBR, or may even be offset from the
side branch SBR to maintain the side branch SBR totally
patent without crossing it.

Referring to FIG. 5, another implantable sensing device
40 constructed in accordance with the present inventions
will now be described. The sensing device 40 is similar to
the previously sensing device 40, with the exception that the
sensing element 28 is coupled between the fixation elements
22, 24. As can be seen, the sensing element 28 is suspended
in the lumen of the right pulmonary artery RPA at the
bifurcation. Preferably, the sensing element 28 is located as
remotely as possible from the bifurcation to minimize block-
age of the side branch SBR, which may otherwise increase
the chances of migration and/or embolism. An optional
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connecting element 34 may be mechanically coupled
between the fixation elements 22, 24 to provide additional
support, and thus, anchoring force to the sensing device 40.

Referring to FIG. 6, another implantable sensing device
50 constructed in accordance with the present inventions
will now be described. The sensing device 50 is similar to
the previously described sensing device 20, with the excep-
tion that the sensing element 28 is mounted to the connecting
element 26 between the fixation elements 22, 24. As shown,
the fixation element 22 is firmly engaged with the wall of the
right pulmonary artery RPA at a longitudinal location distal
to a side branch SBR, while the fixation element 24 is firmly
engaged with the wall of the side branch SBR. As can be
seen, the sensing element 28 is suspended in the lumen of the
right pulmonary artery RPA at the bifurcation. Preferably,
the sensing element 28 is located as remotely as possible
from the bifurcation to minimize blockage of the side branch
SBR, which may otherwise increase the chances of migra-
tion and/or embolism.

While the implantable sensing devices 20, 40, and 50
have been described as having only two fixation elements
and only one sensing element, an implantable sensing device
constructed in accordance with the present inventions can
have more than two fixation elements and more than one
sensing element. For example, referring to FIG. 7, an
implantable sensing device 60 generally comprises a proxi-
mal fixation element 62, a medial fixation element 64, a
distal fixation element 66, a first connecting element 68
mechanically coupling the proximal fixation element 62 to
the medical fixation element 64, a second connecting ele-
ment 70 mechanically coupling the distal fixation element
66 to the medical fixation element 64, and three sensing
elements 72, 74, 76 mechanically coupled to the respective
fixation elements 62, 64, 66 via three connecting elements
78, 80, 82. The fixation elements 62, 64, 66, connecting
elements 78, 80, 82, and sensing elements 72, 74, 76 can be
similarly constructed and function in the same manner as the
same-named components described above.

As shown in FIG. 7, the proximal fixation element 62 is
firmly engaged with the wall of the right pulmonary artery
RPA at a longitudinal location proximal to the side branch
SBR, the medial fixation element 64 is firmly engaged with
the wall of the side branch SBR, and the distal fixation
element 66 is firmly engaged with the wall of the right
pulmonary artery RPA at a longitudinal location distal to the
side branch SBR. Thus, it can be appreciated that the use of
three fixation elements, one of which is disposed in the side
branch SBR, further increases the anchoring force between
the sensing device 60 and the vessel wall of the pulmonary
arterial network in the longitudinal and rotational directions,
thereby further minimizing the chance that the sensing
device 20 will migrate within the right pulmonary artery
RPA after implantation. In addition, the use of three sensing
elements increases the volume and/or types of information
sensed within the right pulmonary artery RPA.

While the fixation elements have thus far been described
as having stent-like configurations, the fixation elements can
have other configurations (which may be different between
fixation elements of the same device) suitable for firmly
engaging the walls of an anatomical vessel. For example,
referring to FIG. 8, an implantable sensing device 90 is
similar to the sensing device 20 illustrated in FIG. 2, with the
exception that, instead of having a distal fixation element 24
in a stent-like configuration, it comprises two distal fixation
elements 92, 94 in coil-like configurations, which are
mechanically coupled to the proximal fixation element 22
via respective connecting elements 96, 98. Each of the
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coiled fixation elements 92, 94 comprises a single wire,
which can have the same cross-section and be composed of
the same material as the struts of the fixation elements 22,
24 described above with respect to FIG. 2. As shown, the
fixation element 92 is firmly engaged with the wall of the
right pulmonary artery RPA at a location distal to the side
branch SBR, and the fixation element 94 is firmly engaged
with the wall of the side branch SBR, thereby providing the
same anchoring advantages as the implantable sensing
device 20 of FIG. 6.

Implantable sensing devices constructed in accordance
with the present invention can have stabilization elements
other than fixation elements. For example, referring to FIG.
9, an implantable sensing device 100 is similar to the sensing
device 20 illustrated in FIG. 2, with the exception that,
instead of a distal fixation element 24, a stabilization ele-
ment in the form of a flange 102 is mechanically coupled to
the proximal fixation element 22. In the illustrated embodi-
ment, the flange 102 is formed by looping a strut of the
fixation element 22 back onto itself. The flange 102 is
pre-shaped (e.g., by an appropriate thermal treatment of a
nickel-titanium alloy), such that it extends at an angle from
the fixation element 22 (i.e., transversely or obliquely to the
longitudinal axis of the fixation element 22) into contact
with the wall of the side branch SBR, thereby increasing the
anchoring force between the sensing device 20 and the
pulmonary arterial network in both the longitudinal and
rotational directions. Preferably, the flange 102 is composed
of a material rigid enough to provide the necessary stability
to the sensing device 100.

Referring now to FIG. 10, another implantable sensing
device 110 will be described. The sensing device 110 is
similar to the previously described sensing device 100 of
FIG. 9, with the exception that, instead of a proximal
fixation element 22, it includes the distal fixation element 24
configured to firmly engage the wall of the right pulmonary
artery RPA at a location distal to the side branch SBR. As
with the sensing device 100, the sensing device 110 com-
prises a flange 112 mechanically coupled to the distal
fixation element 24 and shaped, such that it extends at an
angle from the fixation element 24 into contact with the wall
of the side branch SBR, thereby increasing the anchoring
force between the sensing device 100 and the pulmonary
arterial network in both the longitudinal and rotational
directions. The flange 112 may be formed by looping a strut
of the fixation element 24 back onto itself, and is preferably
composed of a material rigid enough to provide the neces-
sary stability to the sensing device 110.

Referring now to FIG. 11, still another implantable sens-
ing device 120 will be described. The sensing device 120 is
similar to the previously described sensing device 110 of
FIG. 10, with the exception that it includes a flange 122 that
is not pre-shaped to extend within the side branch SBR.
Rather, the flange 122 is relatively straight, so that it remains
within the lumen of the right pulmonary artery RPA. In
addition, the sensing element 28 is mechanically coupled
between the distal fixation element 24 and the flange 122.
Although the flange 122 is not designed to extend within the
side branch SBR, and thus, does not significantly increase
the anchoring force in a rotational direction about the
longitudinal axis of the right pulmonary artery RPA, the
flange 122 abuts the wall of the right pulmonary artery RPA,
thereby preventing the sensing element 28 from hinging into
the side branch SBR in response to the flow of blood from
the right pulmonary artery RPA into the side branch SBR.

Referring to FIG. 12, yet another implantable sensing
device 130 constructed in accordance with the present
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inventions will now be described. The sensing device 130
comprises a single fixation element 132 and the previously
described sensing element 28 mechanically coupled to the
fixation element 132. The fixation element 132 is similar to
either of the previously described fixation elements 22, 24 in
FIG. 2, with the exception that the length of the fixation
element 132 is increased to allow it to cross the side branch
SBR. For example, the length of the fixation element 132
may be equal to or greater than 35 mm. The increased length
of the fixation element 132 increases the anchoring force
between the sensing device 130 and the vessel wall of the
pulmonary arterial network. To further increase the anchor-
ing capability of the fixation element 132, the proximal and
distal edges of the fixation element 132 may be curved
radially outward, as illustrated in FIG. 13, to provide a
gripping force against the vessel wall that decreases longi-
tudinal migration of the sensing device 130. Alternatively,
the proximal and distal edges of the fixation element 132
may be curved radially inward, as illustrated in FIG. 14. In
this manner, the resilient spring force of the fixation element
132 can be increased, thereby increasing its anchoring
capability, without concern that the edges of the fixation
element 132 will damage or otherwise irritate the wall of the
right pulmonary artery RPA.

Notably, if the fixation element 132 is relatively uniform
diameter along its length, its implantation into a conically
shaped vessel may induce a spring forces that tends to push
the sensing device 130 in the proximal direction. To address
this, the fixation element 132 may be pre-shaped to have a
conical geometry similar to the conical shape of the vessel
(e.g., conical angle of 0-400 and length of 10-35 mm), as
illustrated in FIG. 15. In this case, the fixation element 132
will be arranged in the vessel, such that the larger diameter
of the fixation element 132 coincides with the large diameter
of the vessel, and the small diameter of the fixation element
132 coincides with the small diameter of the vessel. Thus,
the non-loaded fixation element 132 will have less of a
tendency to move from its intended position. Alternatively,
the fixation element 132 may be arranged as a mirror image
of the vessel, as illustrated in FIG. 16. That is, the large
diameter of the fixation element 132 coincides with the
small diameter of the vessel, and the small diameter of the
fixation element 132 coincides with the large diameter of the
vessel. In this case, the shape and configuration of the
fixation element 132 will straighten out the vessel, so that it
is no longer conically shaped. Alternatively, as illustrated in
FIG. 17, the distal edges of the fixation element 132 may be
curved radially outward to provide a gripping force against
the vessel wall that decreases longitudinal migration of the
sensing device 130. Notably, these conical fixation element
concepts can be applied to any of the previous embodiments.

The afore-described sensing devices can be delivered and
implanted within the pulmonary arterial network of the
patient using any suitable means, such as, e.g., a deliver
catheter. For example, referring to FIGS. 18A-18D, a
method of delivering the sensing device 20 within the
pulmonary arterial network of a patient will now be
described. The delivery system 150 includes a flexible
catheter 152 configured for being delivered through the
vasculature of a patient, and a pusher element 154 slidably
disposed within the lumen of the catheter 152. The sensing
device 20, and in particular, the sensing element 28, is
detachably coupled to the distal end of the pusher element
154 using suitable means, such as a mechanical interference
or electrolytic arrangement.

In the illustrated embodiment, the pusher element 154 is
capable of being rotated relative to the catheter 152, so that
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the sensing device 20 can be implanted within the pulmo-
nary arterial network in a specific circumferential location.
That is, it may be desirable for the sensing element 28 to be
located at the top of the vessel wall or at the bottom of the
vessel wall. Tt may also be desirable to maintain the rota-
tional orientation of the fixation elements 22, 24 relative to
each other, so that the connecting element 26 runs along one
side of the vessel wall—instead of traversing the lumen of
the vessel in the case where the one of the fixation elements
22, 24 is rotationally misaligned by 180 degrees.

To this end, a radio-opaque marker 156 is disposed on the
sensing device 20 in a manner that allows the orientation of
the sensing device 20 to be determined via fluoroscopic
imaging. The radio-opaque marker 156 may take the form of
a material (e.g., platinum, gold, tantalum, or other com-
monly used radio-opaque material) coated on the sensing
element 28 (as shown in the figures), or may take the form
of a wire composed of the same material, which may, e.g.,
be crimped onto one or both of the fixation element 22, 24,
or may even take the form of the connecting element 26
itself.

In the illustrated method, the sensing device 20 will be
delivered into the pulmonary arterial network in the con-
figuration illustrated in FIG. 2; i.e., with the distal fixation
element 24 disposed within the side branch SBR and the
proximal fixation element 24 disposed in the right pulmo-
nary artery RPA at a longitudinal location proximal to the
side branch SBR. As shown in FIG. 18A, the catheter 152 is
advanced from the right ventricle RV of the heart, through
the main pulmonary artery MPA, and into the lumen of the
right pulmonary artery RPA. As can be seen, the sensing
device 20 is loaded into the delivery catheter 152, such that
the distal fixation element 24 will be deployed prior to the
proximal fixation element.

As shown in FIG. 18B, the distal end of the catheter 152
is advanced into the side branch SBR (or alternatively, at the
bifurcation within the right pulmonary artery RPA, but
deflected towards the opening of the side branch SBR), and
the pusher element 154 is distally advanced to push the distal
fixation element 24 out from the catheter 152 and into the
lumen of the side branch SBR. As previously discussed, the
distal fixation element 24 is composed of a resilient material
that causes it to self-expand in the absence of a compressive
force. As a result, the distal fixation element 24 will auto-
matically expand radially outward into firm contact with the
wall of the side branch SBR once it is deployed from the
catheter 152. Alternatively, if the distal fixation element 24
is not capable of self-expanding, a balloon can be used to
radially expand the distal fixation element 24 into firm
contact with the vessel wall.

As shown in FIG. 18C, the catheter 152 is then pulled in
the proximal direction, so that the distal end of the catheter
152 is located within the right pulmonary artery RPA, and
the pusher element 154 is distally advanced to push the
proximal fixation element 24 out from the catheter 152 into
the lumen of the right pulmonary artery RPA, where it
automatically expands radially outward (or alternatively
radially expands with the aid of a balloon) into firm contact
with the wall of the right pulmonary artery RPA. As shown
in FIG. 18D, the pusher element 154 is distally advanced
further to push the sensing element 28 out from the catheter
152 into the lumen of the right pulmonary artery RPA, and
the pusher element 154 is detached from the sensor element
28.

Similar delivery techniques can be used to form the
configurations within the pulmonary arterial network illus-
trated in FIGS. 3-8. With respect to the configurations
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illustrated in FIGS. 9 and 10, the sensing devices can be
implanted in the pulmonary arterial network by dragging the
flange of the sensing device proximally or distally within the
right pulmonary artery RPA until the flange locates itself into
the side branch SBR, as illustrated in FIGS. 19A-19H.

For example, as shown in FIG. 19A, the sensing device
100 is loaded into the delivery catheter 152, such that the
flange 102 will be deployed prior to the fixation element 22.
As shown in FIG. 19B, the distal end of the catheter 152 is
advanced to a location in the right pulmonary artery RPA
distal to the side branch SBR, and the pusher element 154 is
distally advanced to push the flange 102 out from the
catheter 152 and into contact with the wall of the right
pulmonary artery RPA. As shown in FIG. 19C, the catheter
152 is pulled in the proximal direction until the flange 102
catches within the side branch SBR.

As an alternative to the steps illustrated in FIGS. 19B and
19C, the distal end of the catheter 152 can be advanced to
alocation in the right pulmonary artery RPA proximal to the
side branch SBR, and the pusher element 154 is distally
advanced to push the flange 102 out from the catheter 152
and into contact with the wall of the right pulmonary artery
RPA, as illustrated in FIG. 19D, after which the catheter 152
is pushed in the distal direction until the flange 102 catches
within the side branch SBR.

In any event, once the flange 102 is located within the side
branch SBR, the pusher element 154 is distally advanced to
push the fixation element 22 out from the catheter 152 into
the lumen of the right pulmonary artery RPA, where it
automatically expands radially outward into firm contact
with the wall of the right pulmonary artery RPA, as shown
in FIG. 19E. The pusher element 154 is distally advanced
further to push the sensing element 28 out from the catheter
152 into the lumen of the right pulmonary artery RPA, and
the pusher element 154 is detached from the sensor element
28, as illustrated in FIG. 19F.

A similar method can be utilized to implant the sensing
device 110 of FIG. 10, with the exception that the fixation
element 24 will need to be deployed out from the catheter
152 before the flange 112, as illustrated in FIG. 19G. In this
case, before the sensing element 28 is detached from the
pusher element 154, the catheter 152 is pulled in the
proximal direction, thereby displacing the entire sensing
device 110, including the expanded fixation element 24,
within the right pulmonary artery RPA until the flange 112
is located within the side branch SBR, as illustrated in FIG.
19H. After the sensing device 110 is properly located, the
pusher element 154 is detached from the sensor element 28.

The sensing device 120 illustrated in FIG. 11 can be
implanted within the pulmonary arterial network simply by
deploying the fixation element 24 in the right pulmonary
artery RPA at a location distal to the side branch SBR,
pulling the catheter 152 in the proximal direction to deploy
the sensor 28 and flange 122 within the right pulmonary
artery RPA, and detaching the pusher element 154 from the
sensor element 28. The sensing device 130 illustrated in
FIG. 12 can be implanted within the pulmonary arterial
network simply by deploying the fixation element 24 in the
right pulmonary artery RPA at a location at the side branch
SBR, pulling the catheter 152 in the proximal direction to
deploy the sensor 28 within the right pulmonary artery RPA,
and detaching the pusher element 154 from the sensor
element 28.

As previously discussed, the distal fixation element 24 is
composed of a resilient material that causes it to self-expand
in the absence of a compressive force. As a result, the distal
fixation element 24 will automatically expand radially out-



US 10,390,714 B2

13

ward into firm contact with the wall of the side branch SBR
once it is deployed from the catheter 152. Alternatively, if
the distal fixation element 24 is not capable of self-expand-
ing, a balloon can be used to radially expand the distal
fixation element 24 into firm contact with the vessel wall.
While the sensing devices have been illustrated and
described as being implanted within the pulmonary artery
PA, it should be appreciated that the sensing devices can be
implanted in other blood vessels of the patient’s body, e.g.,
the vena cava, pulmonary vein, coronary sinus, aotta, sub-
clavian artery, iliac artery, and carotid artery. While the
inventive method lends itself well to the implantation of the
sensing devices in blood vessels, it should be appreciated
that the sensing devices can be implanted in other anatomi-
cal vessels, such as the esophagus, intestine, trachea, bron-
chial tubes, etc. Lastly, while the present implantation tech-
niques have been described with respect to sensing devices,
the same implantation techniques can be utilized to implant
therapeutic devices (e.g., a drug releasing device or neuro-
stimulator for treating arrhythmia, pain, or neurological
disturbances or for stimulating the gastrointestinal system or
urinary system) within the anatomical vessels of patients.
Although particular embodiments of the present invention
have been shown and described, it should be understood that
the above discussion is not intended to limit the present
invention to these embodiments. It will be obvious to those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
present invention. Thus, the present invention is intended to
cover alternatives, modifications, and equivalents that may
fall within the spirit and scope of the present invention as
defined by the claims.
What is claimed:
1. A method of implanting a sensing device within an
anatomical vessel network having a main anatomical vessel
and an anatomical vessel branch of the main anatomical
vessel, the method comprising:
expanding a fixation element coupled to a sensing element
of the device, at a first end of the sensing element, into
firm contact with the wall of the main anatomical vessel
at a longitudinal location proximal to and spaced apart
from an ostium of the anatomical vessel branch; and

expanding a stabilization element coupled to the sensing
element, at a second end of the sensing element, into
firm contact with the wall of the main anatomical vessel
at a longitudinal location distal to and spaced apart
from the ostium of the anatomical vessel branch,
wherein the stabilization element is a flange that con-
sists of a single wire loop coupled, at a first end of the
single wire loop, to the second end of the sensing
element, extending away from the second end of the
sensing element, curving back toward the second end
of the sensing element, and coupled, at a second end of
the single wire loop, to the second end of the sensing
element; and wherein only the sensing element is
positioned at the ostium of the anatomical vessel
branch.

2. The method of claim 1, wherein the anatomical vessel
network is a blood vessel network.

3. The method of claim 2, wherein the main anatomical
vessel is a right pulmonary artery.
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4. The method of claim 1, wherein the fixation element is
selected from the group consisting of a stent and a coil.

5. The method of claim 1, wherein the sensing element of
the device is located within the main anatomical vessel when
the fixation and stabilization elements are firmly engaged
with the wall of the main anatomical vessel.

6. The method of claim 1, further comprising measuring
one or more of a pressure, acceleration, wall motion, fluid
flow, temperature, oxygen level, glucose level, coagulation,
electrical activity, and pH level within the anatomical vessel.

7. The method of claim 1, further comprising wirelessly
transmitting sensed information from the sensing device.

8. An implant for sensing parameters within an anatomi-
cal vessel network of a patient, comprising:

a fixation element having an expanded geometry for
firmly engaging a wall of the vessel network at a first
longitudinal location;

a stabilization element having an expanded geometry for
firmly engaging the wall of vessel network at a second
longitudinal location, wherein the stabilization element
is a flange, the flange consisting of a single wire loop;
and

a pressure sensing element mechanically coupled, on a
first side of the pressure sensing element and via a rigid
connecting element, to the fixation element, and
mechanically coupled, on a second side of the pressure
sensing element, to the stabilization element, wherein
the rigid connecting element is configured to suspend
the pressure sensing element inwardly a distance apart
from the vessel wall such that blood flows unobstructed
along a portion of the vessel network located between
the wall and the sensing element; and

wherein the flange is coupled, at a first end of the single
wire loop, to the second side of the pressure sensing
element, extending away from the second side of the
pressure sensing element, curving back toward the
second side of the pressure sensing element, and
coupled, at a second end of the single wire loop, to the
second side of the pressure sensing element.

9. The implant of claim 8, wherein the vessel network is

a blood vessel network.

10. The implant of claim 9, wherein at least one of the first
and second longitudinal locations is in a right pulmonary
artery.

11. The implant of claim 8, wherein the vessel network
has differing diameters at the first and second longitudinal
locations.

12. The implant of claim 8, wherein the first and second
longitudinal locations are in a single anatomical vessel.

13. The implant of claim 8, wherein the first longitudinal
location is in a main anatomical vessel, and the second
longitudinal location is in an anatomical vessel branch of the
main anatomical vessel.

14. The implant of claim 8, wherein the fixation element
is selected from the group consisting of a stent and a coil.

15. The implant of claim 8, further comprising a trans-
mitter configured for wirelessly transmitting information
sensed by the sensing element to a remote receiver.
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