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SYSTEMS AND METHODS FOR
DELIVERING AN IMPLANTABLE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/174,267, filed Jun. 11, 2015, the
disclosure of which is hereby incorporated by reference in
its entirety.

BACKGROUND

[0002] CARDIOMEMS, which is owned by St. Jude
Medical, is a new FDA-approved device used for monitor-
ing pulmonary artery pressures in patients with a history of
systolic or diastolic heart failure and prior heart failure
hospitalization within one year. The data from the device is
transmitted wirelessly to a secure website and reviewed by
health professionals. The sensor is very durable as it does not
require a battery and does not have any moving parts. The
sensor allows volume status of millions of patients world-
wide to be managed more accurately and precisely. Various
implementations of the CARDIOMEMS device are
described in several U.S. patents, including U.S. Pat. Nos.
6,855,115, 7,966,886, and 8,353,841, which are incorpo-
rated by references in their entireties.

[0003] To deliver the CARDIOMEMS device to the left
pulmonary artery, a guide wire and catheter are engaged in
the left pulmonary artery using fluoroscopy, followed by
obtaining an angiography of the left pulmonary branches.
The branch of interest is located, and a picture of it is saved
into the catheterization lab monitor. Then, the branch of
interest is accessed with a delivery catheter over the wire.
The device is deployed based on the assumption that the
location has not changed.

[0004] For example, as described in U.S. Pat. No. 8,353,
841, the CARDIOMEMS device may be delivered and
deployed in its intended location in an artery using the
delivery assembly shown in FIG. 1. The delivery assembly
includes a main lumen 202 through which a core wire 204
is disposed and a secondary lumen having four sections
224A-224D through which a tether wire 211 is disposed.
The tether wire 211 enters and exits the secondary lumen
sections 224A-224D to attach wire loops 255, 235 of the
CARDIOMEMS device 251 to the delivery assembly. The
core wire 204 is fixed to the main lumen 202 and provides
columnar stiffness to the delivery assembly, which facilitates
advancement of the delivery assembly through the vascula-
ture and prevents buckling of the delivery assembly when
the tether wire is pulled proximally during deployment of
the device 251. The main lumen 202 also includes a guide
wire aperture 212 through which guide wire 210 extends
into the main lumen 202. The delivery apparatus may be
moved along the guide wire 210 through the artery in which
the device 251 is to be deployed.

[0005] The lung is a very dynamic organ. For example, a
wire within the left pulmonary artery may move 3 inches
axially as the patient breathes. Therefore, establishing land-
marks for delivering devices within the pulmonary artery
can be very difficult. If the device is deployed distally of the
branch of interest, the pressure waves are dampened. And, if
the device is deployed proximally of the branch of interest,
there is an increased risk that the device will dislodge in the
main pulmonary artery, where it cannot be retrieved.
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[0006] Accordingly, there is a need for an improved sys-
tem and method for delivering an implantable device within
a patient.

BRIEF SUMMARY

[0007] Described herein are various systems and methods
of delivering an implantable device within a vessel of a
patient. For example, in certain implementations, the deliv-
ery system includes an outer catheter having a distal tip and
an inner support member disposed within the outer catheter.
The inner support member includes an anchor member
disposed adjacent a distal tip of the inner support member
and a support portion axially inward of the anchor member.
The support portion is configured for supporting an implant-
able device thereon. A diameter of the anchor member
corresponds to a diameter of a portion of a vessel in which
the anchor member is to be disposed. The anchor member is
configured to be lodged in the portion of the vessel to locate
an intended position of the anchor member and to prevent
movement of the inner support member relative to the vessel
during release of the implantable device.

[0008] In some implementations, the anchor member is a
first anchor member, and the distal tip of the outer catheter
includes a second anchor member. The second anchor mem-
ber has a second diameter that corresponds to a second
diameter of a portion of a second vessel in which the second
anchor member is to be disposed. The first vessel and second
vessel may be separate and adjacent arteries. For example,
the first vessel may be a separate branch of the second
vessel. Alternatively, the first vessel may be a distal, nar-
rower portion of the second vessel.

[0009] In some implementations, the anchor members are
inflatable balloons that have an inflated diameter. The
inflated diameter of the first balloon is selected to lodge the
first balloon in the portion of the vessel in which the first
balloon is to be disposed. Similarly, the inflated diameter of
the second balloon is selected to lodge the second balloon in
the portion of the second vessel in which the second balloon
is to be disposed. In certain implementations, the inflated
diameter of the first balloon is smaller than the inflated
diameter of the second balloon.

[0010] In addition, in some implementations, the inner
support member may be an inner catheter.

[0011] According to certain implementations, the implant-
able device may include a hemodynamic sensor, such as, for
example, the CARDIOMEMS sensor.

[0012] According to other various implementations; a
method of delivering an implantable device within a body
includes: (1) inserting a portion of a delivery system within
a vessel of a patient, (2) extending a distal tip of an inner
support member of the device past a distal tip of an outer
catheter of the device such that an anchor member is outside
of the outer catheter; (3) urging the anchor member through
the vessel until the anchor member is lodged within the
vessel; and (4) releasing the implantable device into a space
within the vessel proximal of the anchor member. The
delivery system may include one or more of the implemen-
tations described above.

[0013] The method may also include urging a second
anchor member through a second vessel until the second
anchor member is lodged within the second vessel after the
first anchor member is lodged within the first vessel and
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prior to releasing the implantable device into the space
between the first anchor member and the second anchor
member.

[0014] In addition, the method may also include deflating
the first inflatable balloon and retracting the distal tip of the
inner support member into the outer catheter after releasing
the implantable device and deflating the second inflatable
balloon and retracting the outer catheter from the body after
the distal tip of the inner support member has been retracted
into the outer catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The components in the drawings are not necessar-
ily to scale relative to each other. Like reference numerals
designate corresponding parts throughout the several views.
[0016] FIG. 1 illustrates a delivery apparatus for a CAR-
DIOMEMS device according to the prior art.

[0017] FIG. 2A illustrates branches in the left pulmonary
artery.
[0018] FIG. 2B illustrates a hemodynamic sensor, accord-

ing to one implementation.

[0019] FIG. 3 illustrates a system for deploying the hemo-
dynamic sensor shown in FIG. 2, according to one imple-
mentation.

[0020] FIGS. 4-7 illustrate steps of deploying the hemo-
dynamic sensor using the system shown in FIG. 3.

[0021] FIGS. 8-10 illustrates steps of retracting the system
shown in FIG. 3 after the hemodynamic sensor is disposed
in the intended position.

DETAILED DESCRIPTION

[0022] Described herein are various systems and methods
of delivering an implantable device within a vessel of a
patient. For example, the device may be a hemodynamic
sensor, such as a CARDIOMEMS sensor, and delivered to
a portion of a patient’s left pulmonary artery, according to
certain implementations. A portion of the left pulmonary
artery 12 is shown in FIG. 2A, and a hemodynamic sensor
14 is shown in FIG. 2B. However, other implementations
may be configured for delivering other types of implantable
devices, and those devices may be intended for other vessels
within the patient’s body.

[0023] The delivery system may include, for example, an
outer catheter having a distal tip and an inner support
member, such as an inner catheter, disposed within the outer
catheter. The inner support member includes an anchor
member adjacent a distal tip of the inner support member
and a support portion axially inward of the anchor member.
The support portion is configured for supporting an implant-
able device thereon. A diameter of the anchor member
corresponds to a diameter of a portion of a vessel in which
the anchor member is to be disposed. The anchor member is
configured to be lodged in the vessel to locate an intended
position of the anchor member and to prevent movement of
the inner support member relative to the vessel during
release of the implantable device.

[0024] FIG. 3 illustrates a delivery system 100 according
to one implementation. FIGS. 4-7 illustrate steps of deploy-
ing the hemodynamic sensor using the delivery system
shown in FIG. 3. The delivery system 100 is shown in its
extended, or delivery, position and includes an outer catheter
102 having a distal tip 104 and an inner support member 106
disposed within the outer catheter 102. The inner support
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member 106 may be an inner catheter according to some
implementations. As shown in FIG. 4, the inner support
member 106 includes an anchor member 110 disposed
adjacent a distal tip 116 of the inner support member 106 and
a support portion 114 axially inward of the anchor member
110. A diameter of the anchor member 110 corresponds to a
diameter of a portion of a vessel in which the anchor
member 110 is to be disposed, as shown in FIG. 5. The
anchor member 110 is configured to be lodged in the portion
of the vessel to locate an intended position of the anchor
member 110 and to prevent movement of the inner support
member 106 relative to the vessel during release of the
implantable device.

[0025] Referring to FIGS. 4 and 6, the system 100 also
includes a second anchor member 112 at the distal tip 104 of
the outer catheter 102. The second anchor member 112 has
a second diameter that corresponds to a second diameter of
a portion of a second vessel in which the second anchor
member 112 is to be disposed. The second anchor member
112 is configured to be lodged in the portion of the vessel to
locate an intended position of anchor member 112 and to
prevent movement of the outer support member 102 relative
to the vessel during release of the implantable device.
[0026] As shown in FIG. 4, the support portion 114 is
configured for supporting an implantable device, such as
hemodynamic sensor 14, thereon. For example, according to
one implementation, the implantable device may be tied to
the support portion 114, and during release, the surgeon may
pull a string to release the implantable device within the
vessel. However, other implementations may include other
suitable types of coupling mechanisms to removably secure
the implantable device to the support portion 114.

[0027] The first vessel and second vessel may be separate
and adjacent arteries. For example, the first vessel may be a
separate branch of the second vessel. Alternatively, the first
vessel may be a distal, narrower portion of the second vessel.
[0028] In the implementation shown in FIG. 4, the anchor
members 110, 112 are inflatable balloons that each have an
inflated diameter. The inflated diameter of the first balloon
110 is selected to lodge the first balloon 110 in the portion
of the vessel in which the first balloon is to be disposed.
Similarly, the inflated diameter of the second balloon 112 is
selected to lodge the second balloon in the portion of the
second vessel in which the second balloon is to be disposed.
In other words, the expected diameters of the first and
second vessels may be the respective inflated diameters of
the first and second balloons. In certain implementations in
which the second vessel 125 is larger than the first vessel
12a, such as when the device 14 is to be disposed adjacent
a branch between vessels 12a, 125, (as shown in FIG. 6) the
inflated diameter of the first balloon is smaller than the
inflated diameter of the second balloon. For example, the
inflated diameter of the first balloon 110 may be around 7
mm, and the inflated diameter of the second balloon 112 may
be around 15 mm, according to one implementation.
According to some implementations, balloons allow the
surgeon to control the size of the anchor and are less
traumatic to the vessel than other anchoring mechanism.
However, other suitable anchoring mechanisms may be used
in other implementations.

[0029] According to one exemplary implementation in
which hemodynamic sensor 14 is to be delivered within the
left pulmonary artery branch, at least a portion of the system
100 is inserted within a vessel of a patient, as shown in FIG.
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5. The system 100 may be inserted over a guide wire 108,
for example. The distal tip 116 of the inner support member
106 is extended past the distal tip 104 of the outer catheter
102 such that anchor balloon 110 is outside of the outer
catheter 102, which is also shown in FIG. 5. The first balloon
110 is inflated, and the balloon 110 is urged through vessel
12a until the balloon 110 is lodged within the vessel 124,
which is shown in FIG. 5. The second balloon 112 is then
inflated and urged through a second vessel 124 until it is
lodged within the second vessel 121), which is shown in
FIG. 6. Then, the hemodynamic sensor 14 may be released
into a space between the first balloon 110 and the second
balloon 112, which is shown in FIG. 7.

[0030] Prior to releasing the hemodynamic sensor 14
within the left pulmonary artery branch, the strength of a
signal from the sensor 14 may be tested by using a trans-
ceiver device (not shown) that is outside of the patient’s
body. The transceiver device is disposed on or near a
patient’s back adjacent the location of the sensor 14. If the
signal received from the sensor 14 is sufficient, then the
sensor 14 location is confirmed as being correct and the
sensor 14 is released into the vessel. However, if the signal
received from the sensor 14 is weak or inadequate, one or
both of the balloons 110, 112 may be deflated to allow the
support portion 114 and the sensor 14 to be moved to a more
ideal location within the vessel. Once in the new position,
the balloons 110, 112 are re-inflated and the signal strength
of the sensor 14 1s tested to confirm the placement of the
sensor 14.

[0031] Once the hemodynamic sensor 14 is in its intended
position, the delivery system 100 may be retracted. To
retract the system 100, the first balloon 110 is deflated,
which is shown in FIG. 8, and the distal tip 116 of the inner
catheter 106 is retracted into the outer catheter 102, which
is shown in FIG. 9. Then, the second inflatable balloon 112
is deflated, and the outer catheter 102 is retracted from the
body, as shown in FIG. 10.

[0032] This system 100 and method of delivery of an
implantable device within a vessel of a patient does not
require catheter exchange over a guide wire or contrast dye,
which is more efficient, less traumatic to the vasculature, has
less side effects for the patient, and allows the surgeon to
identify the best location for releasing the implantable
device with minimal manipulations. For example, this sys-
tem 100 may be used safely with patients having higher
body mass, which are excluded from being subject to known
delivery techniques.

[0033] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art. Methods and
materials similar or equivalent to those described herein can
be used in the practice or testing of the present disclosure.
As used in the specification, and in the appended claims, the
singular forms “a,” “an,” “the” include plural referents
unless the context clearly dictates otherwise. The term
“comprising” and variations thereof as used herein is used
synonymously with the term “including” and variations
thereof and are oper, non-limiting terms. While implemen-
tations will be described for steering wheel hand detection
systems, it will become evident to those skilled in the art that
the implementations are not limited thereto.

[0034] As utilized herein, the terms “approximately,”
“about,” “substantially”, and similar terms are intended to
have a broad meaning in harmony with the common and
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accepted usage by those of ordinary skill in the art to which
the subject matter of this disclosure pertains. It should be
understood by those of skill in the art who review this
disclosure that these terms are intended to allow a descrip-
tion of certain features described and claimed without
restricting the scope of these features to the precise numeri-
cal ranges provided. Accordingly, these terms should be
interpreted as indicating that insubstantial or inconsequen-
tial modifications or alterations of the subject matter
described and claimed are considered to be within the scope
of the invention as recited in the appended claims.

[0035] It should be noted that the term “exemplary” as
used herein to describe various embodiments is intended to
indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodi-
ments (and such term is not intended to connote that such
embodiments are necessarily extraordinary or superlative
examples).

[0036] The terms “coupled,” “connected,” and the like as
used herein mean the joining of two members directly or
indirectly to one another. Such joining may be stationary
(e.g., permanent) or moveable (e.g., removable or releas-
able). Such joining may be achieved with the two members
or the two members and any additional intermediate mem-
bers being integrally formed as a single unitary body with
one another or with the two members or the two members
and any additional intermediate members being attached to
one another.

[0037] Although only a few embodiments have been
described in detail in this disclosure, those skilled in the art
who review this disclosure will readily appreciate that many
modifications are possible (e.g., variations in sizes, dimen-
sions, structures, shapes and proportions of the various
elements, values of parameters, mounting or layering
arrangements, use of materials, colors, orientations, etc.)
without materially departing from the novel teachings and
advantages of the subject matter described herein. For
example, elements shown as integrally formed may be
constructed of multiple parts or elements, the position of
elements may be reversed or otherwise varied, and the
nature or number of discrete elements or positions may be
altered or varied. The order or sequence of any process or
method steps may be varied or re-sequenced according to
alternative embodiments. Other substitutions, modifications,
changes and omissions may also be made in the design,
operating conditions and arrangement of the various exem-
plary embodiments without departing from the scope of the
present embodiments.

[0038] Although the subject matter has been described in
language specific to structural features and/or methodologi-
cal acts, it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the specific
features and acts described above are disclosed as example
forms of implementing the claims.

Y]

1. A delivery system configured for delivering an implant-
able device within a vessel of a patient, the delivery system
comprising:

an outer catheter having a distal tip; and

an inner support member disposed within the outer cath-

eter, the inner support member comprising an anchor
member disposed adjacent a distal tip of the inner
support member and a support portion axially inward of
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the anchor member, the support portion being config-
ured for supporting an implantable device thereon;

wherein:

a diameter of the anchor member corresponds to a
diameter of a portion of a vessel in which the anchor
member is to be disposed, and

the anchor member is configured to be lodged in the
portion of the vessel to locate an intended position of
the anchor member and to prevent movement of the
inner support member relative to the vessel during
release of the implantable device.

2. The delivery system of claim 1, wherein the anchor
member is an inflatable balloon having an inflated diameter,
wherein the inflated diameter is selected to lodge the balloon
in the portion of the vessel in which the balloon is to be
disposed.

3. The delivery system of claim 1, wherein the anchor
member is a first anchor member, and the distal tip of the
outer catheter comprises a second anchor member, the
second anchor member having a second diameter corre-
sponds to a second diameter of a portion of a second vessel
in which the second anchor member is to be disposed.

4. The delivery system of claim 3, wherein the first vessel
and second vessel are separate and adjacent arteries.

5. The delivery system of claim 3, wherein the first vessel
is a separate branch of the second vessel.

6. The delivery system of claim 3, wherein the first vessel
is a distal, narrower portion of the second vessel.

7. The delivery system of claim 3,

wherein:

the first anchor member is a first inflatable balloon having

a first inflated diameter, wherein the first inflated diam-

eter is selected to lodge the first balloon in the portion

of the vessel in which the first balloon is to be disposed,
and

the second anchor member is a second inflatable balloon

having a second inflated diameter, wherein the second

inflated diameter is selected to lodge the second balloon
in the portion of the second vessel in which the second
balloon is to be disposed.

8. The delivery system of claim 7, wherein the first
inflated diameter is smaller than the second inflated diam-
eter.

9. The delivery system of claim 1, wherein the implant-
able device is a hemodynamic sensor.

10. The delivery system of claim 9, wherein the hemo-
dynamic sensor is a CARDIOMEMS sensor.

11. The delivery system of claim 1, wherein the inner
support member is an inner catheter.

12. A method of delivering an implantable device within
a body, the method comprising:

inserting a portion of a delivery system within a vessel of

a patient, the delivery system comprising:

an outer catheter having a distal tip; and

an inner support member disposed within the outer
catheter, the inner support member comprising an
anchor member disposed adjacent a distal tip of the
inner support member and a support portion axially
inward of the anchor member, the support portion
being configured for supporting an implantable
device thereon;
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wherein:

a diameter of the anchor member corresponds to a
diameter of a portion of a vessel in which the
anchor member is to be disposed, and

the anchor member is configured to be lodged in the
portion of the vessel to locate an intended position
of the anchor member and to prevent movement of
the inner support member relative to the vessel
during release of the implantable device;

extending the distal tip of the inner support member past
the distal tip of the outer catheter such that the anchor
member is outside of the outer catheter;

urging the anchor member through the vessel until the
anchor member is lodged within the vessel; and

releasing the implantable device into a space within the
vessel proximal of the anchor member.

13. The method of claim 12, wherein the anchor member
is an inflatable balloon having an inflated diameter, wherein
the inflated diameter is selected to lodge the balloon in the
portion of the vessel in which the balloon is to be disposed,
and the method further comprises inflating the inflatable
balloon prior to urging the anchor member through the
vessel.

14. The method of claim 12, wherein the anchor member
is a first anchor member and the vessel is a first vessel, and
the distal tip of the outer catheter comprises a second anchor
member, the second anchor member having a second diam-
eter corresponding to a second diameter of a portion of a
second vessel in which the second anchor member is to be
disposed, and the method further comprises:

urging the second anchor member through the second

vessel until the second anchor member is lodged within
the second vessel after the first anchor member is
lodged within the first vessel and prior to releasing the
implantable device into the space between the first
anchor member and the second anchor member.

15. The method of claim 14, wherein the first vessel and
the second vessel are separate and adjacent vessels.

16. The method of claim 14, wherein:

the first anchor member is a first inflatable balloon having

a first inflated diameter, wherein the first inflated diam-
eter is selected to lodge the first balloon in the portion
of the first vessel in which the first balloon is to be
disposed, and

the second anchor member is a second inflatable balloon

having a second inflated diameter, wherein the second
inflated diameter is selected to lodge the second balloon
in the portion of the second vessel in which the second
balloon is to be disposed.

17. The method of claim 16, wherein the first inflated
diameter is smaller than the second inflated diameter.

18. The method of claim 16, further comprising:

after releasing the implantable device, deflating the first
inflatable balloon and retracting the distal tip of the
inner support member into the outer catheter; and

deflating the second inflatable balloon and retracting the
outer catheter from the body after the distal tip of the
inner support member has been retracted into the outer
catheter.

19. The method of claim 12, wherein the implantable

device is a hemodynamic sensor.
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20. The method of claim 19, wherein the hemodynamic
sensor is a CARDIOMEMS sensor.

21. The method of claim 12, wherein the inner support
member is an inner catheter.
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