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PULMONARY ARTERY IMPLANT APPARATUS AND METHODS OF USE
THEREOF

FIELD OF INTEREST
[001] The current invention relates to implantable apparatuses for accurately positioning a medical
device within the main pulmonary artery, and to methods of use thercof for treating, reducing the
severity of, or reducing symptoms associated with, or any combination thereof, congestive heart
failure, including left ventricular failure, wherein use may in certain embodiments, affect the position

and function of the interventricular septum during systole.

BACKGROUND OF THE INVENTION

[002] Congestive heart failure (CHF) means the heart does not pump out sufficient blood to meet
the body’s demands. CHF can result from either a reduced ability of the heart muscle to contract
(systolic failure) or from a mechanical problem that limits the ability of the heart’s chambers to fill
with blood (diastolic failure). When weakened, the heart is unable to keep up with the demands
placed upon it and the left ventricle (LV) gets backed up or congested—hence the name of the
disorder. CHF is a progressive disease. Failure of the left side of the heart (left-heart failure/left-sided
failure/left-ventricle failure) is the most common form of the disease.

[003] CHF affects people of all ages including children, but it occurs most frequently in those over
age 60, and is the leading cause of hospitalization and death in that age group. Current treatments of
CHF include lifestyle changes, medications, and surgery to bypass blocked blood vessels, replace
regurgitant or stenotic valves, install stents to open narrowed coronary vessels, install pump assist
devices or transplantation of the heart.

[004] Normal cardiac contraction is a finely tuned orchestrated activity dependent on muscle
function, ventricular geometry and loading conditions termed preload and afterload. When CHF due
to LV systolic failure occurs it is typically associated with changes in the geometry of the ventricles,
often called remodeling. The LV becomes dilated and the interventricular septum is deflected into the
right ventricle (RV), resulting in decreased LV output/pumping efficiency. Compare Figure 1A with
Figure 1B. The efficient systolic function of the LV is dependent not only on the strength of the
myocardium but also on the LV geometry, the position and shape of the interventricular septum and
the geometry and function of the RV. Interventricular dependence has been documented in
experimental studies which have evaluated both normal and pathological preparations in animals. LV

systolic function can be directly influenced by interventions affecting the RV and the position of the
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interventricular septum.

[005] Surgical pulmonary artery banding (PAB) is a technique that was described more than 60
years ago and is still in use today for children and infants with congenital heart defects, such as
overflow of blood to the lungs and volume overload of the LV. PAB is typically performed through a
thoracotomy and involves wrapping a band around the exterior of the main pulmonary artery (MPA)
and fixing the band in place, often with the use of sutures. Once applied, the band is tightened,
narrowing the diameter of the MPA, increasing resistance to flow, reducing blood flow to the lungs,
and reducing downstream pulmonary artery (PA) pressure.

[006] Surgical PAB procedures involve the risks present with all surgical procedures. In addition,
use of PAB has a number of particular disadvantages and drawbacks. Primary among these
drawbacks is the inability of the surgeon performing the procedure to accurately assess, from the
hemodynamic standpoint, the optimal final diameter to which the PA should be adjusted. Often, the
surgeon must rely upon his or her experience in adjusting the band to achieve acceptable forward flow
while decreasing the blood flow sufficiently to protect the pulmonary vasculature.

[007] It is also not uncommon for the band to migrate towards one of the main pulmonary branches
(usually the left), resulting in stenosis of the other main pulmonary branch (usually the right). There
have also been reports of hardening of the vessels around the band due to buildup of calcium deposits
and scarring of the PA wall beneath the band, which can also inhibit blood flow. Flow resistance due
to PAB may change over time, and additional surgeries to adjust band tightness occur in up to one
third of patients. The band is typically removed in a subsequent operation, for example, when a
congenital malformation is corrected in the child or infant.

[008] In addition to the classical use of PAB for treatment of congenital defects in infants and
children, there has been a recent report of use of surgical PAB for left ventricle dilated
cardiomyopathy (LVDCM) in infants and young children. This method includes increasing the
pressure load on the right ventricle by placing a band around the pulmonary artery. The increased
pressure in the right ventricle caused a leftward shift of the interventricular septum and improvement
of left ventricle function. It was found that the optimal degree of constriction was achieved when the
RV pressure was approximately 60% to 70% of the systemic level and so that the interventricular
septum slightly moved to a midline position. The success of these procedures in infants and children
has been reported to be possibly due to the potential for myocyte recovery and repopulation being
significantly greater for infants and young children than for adults. However, it is the position of the
inventors that the geometric improvements to the failing heart due to PAB may be responsible, at least
partially, for the observed improvements in LV function, and therefore PAB for adult left ventricle

heart failure may demonstrate similar improvement in L'V function.
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[009] It would be desirable to provide a relatively simple PAB device which could be implanted in a
minimally-invasive fashion, and which would allow for later adjustment of blood flow through a
vessel. Gradual reduction in the diameter of the MPA may be desirable, but is not currently feasible
with the surgical PAB approaches described above. In addition, it would be desirable to use PAB for
treatment of the mature adult population suffering from left ventricle (LV) failure.

[0010] Attempts have been made to create adjustable or less invasive solutions to PAB devices. The
FloWatch®-PAB device (Leman Medical Technologies SA) was designed to be surgically implanted
around the exterior of the MPA in infants and uses a remote control system in order to make repeated
adjustments of the level of constriction of the implanted device without additional surgical
interventions.

[0011] The MPA is not a favorable location for positioning an implant due to its large diameter
(~30mm) and short length (~50mm). The full length of the MPA is not usable for an implant due to
the proximity to the pulmonary valve on one end, and the bifurcation to the pulmonary branches on
the other. It is estimated that the usable length of the MPA for the implant is approximately 30mm.
Implantation of a short, wide device into the MPA is very difficult, and there is significant danger that
the device will rotate or otherwise not be placed concentric with the MPA, in which case near
complete blockage of the MPA could occur. In addition, the device may erroneously be placed either
too close to the pulmonary valve or the bifurcation.

[0012] The apparatuses of this invention include an anchor frame that anchors the apparatus within a
PA branch vessel, which then assists with the accurate positioning of a device frame that may include
a medical device within the MAP. Because an apparatus of this invention is deliverable by
transcatheter procedure, high risk surgery is avoided. Apparatuses of this invention may be used for
treatment of CHF in adults, including LV failure. The apparatuses of this invention may remain in
place for an extended time period and may adjustably control the constriction of the MPA for the

duration of a therapeutic treatment.

SUMMARY OF THE INVENTION

[0013] In one embodiment, this invention provides an apparatus comprising: (a) an anchor frame for
placement in a branch pulmonary artery; (b) a device frame for placement in the main pulmonary
artery (MPA); and (c) a connecting section; wherein the anchor frame, the device frame and the
connecting section comprise a single entity, an apparatus frame, wherein the anchor frame comprises
one section of the apparatus frame, the device frame comprises another section of the apparatus

frame, and the connecting section comnects the anchor frame and the device frame of the apparatus
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frame, and wherein the anchor frame is used to position the device frame within the MPA when the
apparatus is in an expanded position.

[0014] In one embodiment an anchor frame is placed in the left pulmonary artery. In one
embodiment, an anchor frame further comprises a protrusion which extends into the right pulmonary
artery when the apparatus is in an expanded position.

[0015] In another embodiment, an anchor frame is placed in the right pulmonary artery.

[0016] In one embodiment, an anchor section, or a connecting section or a device section, or any
combination thereof of an apparatus frame of this invention comprises a zig-zag format, a stent-like
format, an open-weave format, a lattice format, radially arranged strands, a crisscross format, or at
least one strut, or any combination thereof.

[0017] In one embodiment, an apparatus of this invention is deliverable in a collapsed configuration
by a transcatheter procedure.

[0018] In one embodiment, a device frame of this invention further comprises a medical device. In
one embodiment, a medical device may be selected from the group comprising a flow restrictor, a
valve, a filter, a pacemaker, a sensor or a drug delivery platform.

[0019] In one embodiment, a flow restrictor comprises at least one inflatable balloon. In another
embodiment, an at least one inflatable balloon may be at least 5 inflatable balloons. In one
embodiment, an inflatable balloon comprises a toroidal shaped balloon. In another embodiment, an
inflatable balloon comprises a circular balloon. In one embodiment, an at least one inflatable balloon
is centered within the MPA. In another embodiment, an at least one inflatable balloon is concentric
with the MPA.

[0020] In one embodiment, the inflation/deflation state of the at least one balloon is able to be
adjusted for an extended time period following implantation of the apparatus in a subject. In one
embodiment the inflation or deflation state of an at least one balloon allows for adjustment of the
effective diameter reduction within the MPA.

[0021] In one embodiment, an effective diameter reduction comprises a range of about 0% to about
100% compared with the MPA without an implanted device, wherein 0% comprises a fully open state
and 100% comprises a fully closed state, wherein a percent greater than 0% and less than 100%
comprises a partially open state. In one embodiment, an effective diameter reduction comprises a
range of about 10% to about 90%, or 10%-30%, or 30%-70%, or 30%-60%, or 40%-70%, ot 50%-
60% compared with the MPA without an implanted device.

[0022] In one embodiment, an apparatus frame of this invention is self-expanding. In another
embodiment, an apparatus frame of this invention is balloon expandable. In another embodiment, an

apparatus frame of this invention is self-expanding and balloon expandable.
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[0023] In one embodiment, this invention provides an apparatus for use in a patient with congestive
heart failure. In one embodiment, a patient has left ventricular failure and preserved right ventricular
function. In one embodiment, a patient is a human. In one embodiment, a patient is an infant, a child
or an adult.

[0024] In one embodiment, an apparatus of this invention may be used to treat, reduce the severity of,
delay the onset of, or reduce symptoms associated with any cardiac or pulmonary condition that
requires blood flow reduction through a pulmonary artery. In one embodiment, a method of this
invention may be used to treat, reduce the severity of, delay the onset of or reduce symptoms
associated with any cardiac or pulmonary condition that requires blood flow reduction through a
pulmonary artery.

[0025] In one embodiment, this invention provides an apparatus comprising: (a) an anchor frame for
placement in the left pulmonary artery; (b) a device frame for placement in the main pulmonary
artery (MPA); and (c) a connecting section, together the anchor frame, the connecting section and the
device frame comprise a single entity, an apparatus frame, wherein the anchor frame comprises one
section of the apparatus frame and the device frame comprises another section of the apparatus frame,
and the connecting section connects the anchor frame and the device frame of the apparatus frame,
and wherein the apparatus frame comprises Nitinol shape-memory alloy and is self-expanding,
wherein the device frame comprises a flow restrictor device preassembled onto the device frame, and
wherein the anchor frame is used to position and anchor the device frame within the MPA. In one
embodiment a flow restrictor comprises a toroidal shaped balloon, wherein inflation of the balloon is
adjustable and controls the effective diameter reduction of the main pulmonary artery (MPA) during
treatment of a congestive heart failure patient with left ventricular failure and preserved right
ventricular function. In another embodiment, a flow restrictor comprises an at least one balloon,
wherein the balloon comprises a circular balloon centered within the main pulmonary artery (MPA),
wherein inflation of the balloon is adjustable and controls the effective diameter reduction of MPA
during treatment of a congestive heart failure patient with left ventricular failure and preserved right
ventricular function. In one embodiment a flow restrictor comprises a toroidal shaped balloon,
wherein said toroidal shaped balloon is concentric with the MPA, wherein inflation of the balloon is
adjustable and controls the effective diameter reduction of the main pulmonary artery (MPA) during
treatment of a congestive heart failure patient with left ventricular failure and preserved right
ventricular function. In another embodiment, a flow restrictor comprises an at least one balloon,
wherein the balloon comprises a circular balloon concentric within the main pulmonary artery (MPA),
wherein inflation of the balloon is adjustable and controls the effective diameter reduction of MPA

during treatment of a congestive heart failure patient with left ventricular failure and preserved right
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ventricular function. In yet another embodiment, a flow restrictor comprises more than one balloon,
wherein inflation of the balloons is adjustable and controls the effective diameter reduction of the
main pulmonary artery (MPA) during treatment of a congestive heart failure patient with left
ventricular failure and preserved right ventricular function.

[0026] In one embodiment, this invention provides a method of treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricular failure in a human
comprising implanting an apparatus of this invention comprising (a) an anchor frame for placement in
a branch pulmonary artery; (b) a device frame for placement in the main pulmonary artery (MPA);
and (c) a connecting section; wherein the anchor frame, the device frame and the connecting section
comprise a single entity, an apparatus frame, wherein the anchor frame comprises one section of the
apparatus frame, the device frame comprises another section of apparatus frame, and the connecting
section comnects the anchor frame and the device frame of the apparatus frame, and wherein the
anchor frame is used to position the device frame within the MPA when the apparatus is in an
expanded position; wherein the device frame comprises an adjustable flow restrictor; the method
comprising the steps of: implanting the apparatus using transcatheter delivery such that the anchor
frame resides within a branch pulmonary artery and the device frame resides within the MPA;
adjusting the flow restrictor to reduce the effective diameter of the MPA; wherein implantation of the
apparatus treats, reduces the severity of, delays the onset of, or reduces symptoms associated with left
ventricular failure in a human.

[0027] In one embodiment, in a method of this invention, an anchor frame is placed in the left
pulmonary artery. In one embodiment, an anchor frame further comprises a protrusion which extends
into the right pulmonary artery when the apparatus is in an expanded position.

[0028] In another embodiment, in a method of this invention an anchor frame is placed in the right
pulmonary artery.

[0029] In one embodiment, a method of this invention comprises an apparatus frame wherein an
anchor frame, or a connecting section, or a device frame, or any combination thereof, comprise a zig-
zag format, a stent-like format, an open-weave format, a lattice format, radially arranged strands, a
crisscross format, or at least one strut, or any combination thereof.

[0030] In one embodiment, in a method of this invention a transcatheter delivery is performed with
the apparatus in a collapsed configuration.

[0031] In one embodiment, in a method of this invention, an adjustable flow restrictor comprises at
least one inflatable balloon. In another embodiment, at least one inflatable balloon comprises at least 5
inflatable balloons. In one embodiment an at least one inflatable balloon comprises a toroidal shaped

balloon. In another embodiment, an at least one inflatable balloon comprises a circular balloon.
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[0032] In one embodiment, a method of this invention comprises centering the at least one inflatable
balloon within the MPA.

[0033] In one embodiment, a method of this invention comprises an at least one inflatable balloon
wherein the inflation/deflation state of the at least one balloon is able to be adjusted for an extended
time period following implantation of the apparatus in the human adult. In one embodiment, the
inflation or deflation state of the at least one balloon allows for adjustment of the effective diameter
reduction within the MPA.

[0034] In one embodiment, a method of this invention comprises an effective diameter reduction of
the MPA, comprises a range of about 0% to about 100% compared with the MPA without an
implanted device, wherein 0% comprises a fully open state and 100% comprises a fully closed state,
wherein a percent greater than 0% and less than 100% comprises a partially open state. In one
embodiment, an effective diameter reduction comprises a range of about 10% to about 90% compared
with the MPA without an implanted device. In one embodiment, an effective diameter reduction
comprises a range of about 10% to about 30% compared with the MPA without an implanted device.
In one embodiment, an effective diameter reduction comprises a range of about 30% to about 70%
compared with the MPA without an implanted device. In another embodiment, an effective diameter
reduction comprises a range of about 30% to about 60% compared with the MPA without an
implanted device. In yet another embodiment, effective diameter reduction comprises a range of about
40% to about 70% compared with the MPA without an implanted device. In one embodiment, an
effective diameter reduction comprises a range of about 50% to about 60% compared with the MPA
without an implanted device.

[0035] In one embodiment a method of this invention further comprises the step of adjusting step-
wise the inflation state of the at least one balloon. In one embodiment, an at least one balloon is
connected to an inflation tube. In one embodiment, a method of this invention further comprises
attaching the proximal end of the inflation tube to a subcutaneously implanted port after implantation
of the apparatus. In one embodiment, a method of this invention further comprises injecting or
withdrawing a fluid through the port resulting in inflation and/or deflation of the at least one balloon.
In one embodiment, a fluid is a saline solution.

[0036] In one embodiment of a method of this invention, an adjustable flow restrictor is
preassembled and attached to the device frame prior to apparatus implantation. In one embodiment,
an apparatus frame is self-expanding. In one embodiment, an apparatus frame is balloon expandable.
In another embodiment, an apparatus frame of this invention is self-expanding and balloon
expandable.

[0037] In one embodiment, a method of this invention is for use with a human infant, a human child
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or a human adult.

[0038] In one embodiment, this invention provides a method of repositioning, supporting or
repositioning and supporting the interventricular septum in a LV failure patient comprising
implanting an apparatus comprising: (a) an anchor frame for placement in a branch pulmonary artery;
(b) a device frame for placement in the main pulmonary artery (MPA); and (c) a connecting section;
wherein the anchor frame, the device frame and the connecting section comprise a single entity, an
apparatus frame, wherein the anchor frame comprises one section of the apparatus frame, the device
frame comprises another section of apparatus frame, and the connecting section connects the anchor
frame and the device frame of the apparatus frame, and wherein the anchor frame is used to position
the device frame within the MPA when the apparatus is in an expanded position; wherein the device
frame comprises an adjustable flow restrictor; the method comprising the steps of: implanting the
apparatus using transcatheter delivery such that the anchor frame resides within a branch pulmonary
artery and the device frame resides within the MPA; adjusting the flow restrictor to reduce the
cffective diameter of the MPA; wherein implantation of the apparatus in a human repositions,
supports or repositions and supports the interventricular septum in a LV failure patient.

[0039] In one embodiment, this invention provides a method of treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricle failure in an adult subject,
said method comprising pulmonary artery banding (PAB). In another embodiment, PAB comprises

external PAB. In another embodiment, PAB comprises intravascular PAB.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The subject matter regarded as the invention is particularly pointed out and distinctly claimed
in the concluding portion of the specification. The invention, however, both as to organization and
method of operation, together with objects, features, and advantages thereof, may best be understood
by reference to the following detailed description when read with the accompanying drawings in
which:

[0041] Figures 1A - 1B depict a bird’s eye internal view of the right and left ventricles of the heart
and the interventricular septum positioned between these chambers. Figure 1A shows a heart having
normal physiology. Figure 1B illustrates a heart with acute left ventricle (L'V) distension, wherein the
interventricular septum has deflected into the right ventricle.

[0042] Figure 2 presents a block diagram of one embodiment of the invention showing an apparatus
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frame comprising an anchor frame and a device frame with a connecting section between these two
frames.

[0043] Figure 3 presents an illustration of a cross-section of one embodiment of an apparatus frame,
expanded, of this invention, showing an anchor frame section anchored within the left pulmonary
artery (LPA) and a device frame section positioned in the main pulmonary artery (MPA). A
connecting section serves to connect the anchor frame with the device frame in the area of the branch
of the RPA. The device frame section is situated between the pulmonary valve and the PA
bifurcation. As seen in the expanded configuration, the device frame may also serve to anchor the
apparatus frame in place. The right pulmonary artery (RPA) is shown branching towards the left in
the illustration.

[0044] Figures 4A-H present illustrations of some embodiments of an apparatus of this invention as
shown in cross-section in an expanded configuration, wherein the device frame has been implanted
within the MPA. Figure 4A depicts an anchor frame having a stent-like, or crisscross strand, format
connected with a connecting section, in this embodiment including multiple struts arranged
longitudinally, further connected to a device frame having a different stent-like, or zig-zag strand,
format. In this embodiment, the anchor frame has been implanted in the LPA, and the connecting
frame extends through the bifurcation connecting with the device frame in the MPA. The connecting
section, in one embodiment, may accommodate the not completely linear geometry required of an
apparatus frame in order to connect an anchor frame in the LPA with a device frame in the MPA. In
this embodiment, placement of the anchor frame in the LPA anchors and positions the device frame in
the MPA. Figure 4B depict another embodiment, wherein the anchor frame includes a non-
symmetric protrusion residing in the RPA to prevent downstream movement of the apparatus. In this
figure, only a single strut is depicted in the connecting section, although the connecting section can be
made up of more struts, a stent-like section, or other formats of a connecting structure. Figure 4C
depicts an apparatus frame having hooks to hook into the surrounding vascular wall. Hooks are
shown on both the anchor frame and the device frame. In some embodiments, hooks may be present
only on the anchor frame, only on the device frame, or on both the anchor frame and the device
frame. Figure 4D depicts an anchor frame having a stent-like configuration connected with a
connecting section, shown as including a single strut arranged in a mild arc but in general including
other struts or other connecting structure, to a device frame having a stent-like configuration. In this
embodiment, the anchor frame has been implanted in the RPA, and the connecting frame extends
along the RPA comnecting with the device frame in the MPA. In this embodiment, placement of the
anchor frame in the RPA positions the device frame in the MPA. Figure 4E depicts an apparatus

frame wherein a circular balloon, which may in one embodiment be tapered at one end as shown
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here, wherein said balloon is tapered in the direction of flow, has been attached to the anchor frame by
struts protruding from the anchor frame. The struts function to keep the balloon centered
concentrically in the MPA. Figure 4F depicts an apparatus frame wherein a circular balloon has been
attached to both the anchor frame and the device frame by struts protruding from both of these frames.
The struts function to ensure that the balloon remains centered concentrically in the MPA. Figure 4G
depicts a toroidal balloon attached to the device frame such that the constriction balloon inflates from
the inner vessel wall inwards towards the center line of the MPA. As seen in Figure 4G, in one
embodiment, the cross-section of the toroidal balloon is circular, and in another embodiment, the
cross-section of the toroidal balloon is semi-circular (not shown). Figure 4H depicts an apparatus
frame showing a toroidal balloon connected to the device frame, with the balloon, wherein the cross-
section of the toroidal balloon is not circular, but has a more oblong shape. Thus, the balloon has a
specific profile that may, for example, cause a force vector outward towards the wall of the artery, and
function to keep the balloon secure against the sides of the MPA vessel.

[0045] Figures SA and 5B present illustrations of a cross-section of embodiments of an expanded
apparatus having an anchor frame, a connecting section, and a device frame with a toroidal balloon
attached to the device frame (device frame situated behind the balloon in the figure) and positioned
within the MPA. As shown in Figure 5A, in one embodiment, the toroidal balloon is partially inflated
such that the effective diameter of the MPA in the area of the balloon is smaller than the original
diameter of the MPA. As depicted in the embodiment of Figure SA, the cross-sectional shape of the
balloon is approximately a semi-circle. Figure 5B shows an embodiment wherein the toroidal balloon
is completely deflated, a state corresponding, for example, to after completion of treatment in which
the fluid in the balloon is completely removed. An inflation tube is shown attached to the balloon in
Figure 5A and 5B, and descends along a vessel wall of the MPA towards the pulmonary valve. The
tube may travel through the right side of the heart and through a wall of an upstream vein at which
point it can be attached on its other end (proximal end) to a subcutancously implanted inflation port to
allow for control of degree of inflation of the toroidal balloon (port not shown). As used herein, the
term “proximal end” refers in one embodiment to the end, for example of an inflation tube, closest to
the inflation port. As used herein, the term, “distal end” refers in one embodiment to the end, for
example of an inflation tube, furthest from the inflation port, and in one embodiment, connected to the
flow restriction balloon.

[0046] Figures 5C, 5D and 5E present illustrations of embodiments of an expanded apparatus of this
invention implanted within the LPA and MPA, from a bottom view of Figures SA and 5B, having an
anchor frame, a connecting section, and a device frame with a toroidal balloon attached to the device

frame and positioned within the MPA. Figure 5C shows an embodiment with the balloon in an
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inflated state, thereby significantly reducing the effective diameter of the MPA and creating resistance
to blood flow to the lungs. Figure 5D shows an embodiment with the balloon slightly inflated,
wherein the commecting section may be observed. Figure SE shows an embodiment with the balloon
completely deflated, wherein the relative positions of the anchor frame, the connecting section, and
the device frame of the apparatus may all be observed.

[0047] Figures 6A-C present illustrations of an apparatus having an anchor frame, a connecting
section, and a device frame (apparatus frame expanded and implanted within the LPA and the MPA)
with multiple balloons attached to the device frame. Figure 6A is a view with half of the vessel wall
removed showing an embodiment of an apparatus having five small balloons within the device frame
wherein the balloons are effectively implanted around the internal circumference of the MPA. The
apparatus frame is anchored by positioning the anchor frame section in the LPA, which thereby
positions the device frame section in the MPA. The view shown is of an expanded apparatus frame.
Thin double lumen inflation tubes are attached to each balloon. Figure 6B is a cross-sectional view
depicting an embodiment of the apparatus showing 2.5 balloons (half of the 5 balloons shown in
Figure 6A) attached to the device frame and evenly positioned around the internal circumference of
the device frame. The device frame is positioned in the MPA. Each balloon has an inflation tube,
which in one embodiment is a double lumen tube. One lumen of this tube can be used for inflation of
the balloon, while the other lumen houses the guide wire, which could be used for removal of the
balloons after termination of treatment. The inflation tube lumens can remain separate or can all be
manifolded into a single inflation tube attached to a subcutaneous port (not shown). Balloons shown
are in a partially inflated state. A guide wire is shown within one lumen of one inflation tube and is
used for unhooking the balloon from the device frame at a device frame attachment site, in order to
remove the balloons from the apparatus after treatment. Figure 6C is a cross-sectional view of an
embodiment of an apparatus showing 2.5 balloons (half of the 5 balloons of Figure 6A) attached to
the device frame and positioned evenly around the internal circumference of the device frame. The
device frame is positioned in the MPA. The balloons are shown in a deflated state with each balloon
having a double lumen inflation tube with a guide wire included in one lumen, which connects the
balloon to the device frame of the apparatus. In one embodiment, this illustration represents an
apparatus of the invention following termination of the treatment, in which the balloons have been
deflated and are in the process of being removed.

[0048] Figure 6D presents an illustration of a cross-sectional view of an embodiment of an
apparatus, expanded, having an anchor frame, a connecting section, and a device frame with multiple
balloons not present within the device frame. The inflation tubes, with guide wires in one of each of

the double lumen tubes, are shown after the balloons have been removed following termination of
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therapy. The inflation tubes may remain in place after removal of the balloons, or may subsequently
also be unhooked and removed from the apparatus.

[0049] Figures 6E-F present bottom view illustrations of embodiments of an expanded apparatus
having an anchor frame, a connecting section, and a device frame with multiple balloons attached to
the device frame, such as in Figure 6A and 6B. Figure 6E depicts one embodiment of an apparatus,
showing the bottom view of the balloons around the internal circumference of the device frame from
below the device frame. Balloons shown are in an inflated state, thereby significantly reducing the
effective diameter of the MPA and creating resistance to blood flow to the lungs. Each balloon has a
double lumen inflation tube, wherein one lumen is for inflation/deflation and one lumen contains the
guide wire. The inflation lumens can remain separate or can all be manifolded into a single inflation
tube attached to a subcutaneous port. Figure 6F depicts one embodiment of an apparatus, showing
the bottom view of balloons around the internal circumference of the device frame from below the
device frame. Balloon shown are completely deflated at the termination of treatment, prior to
removal of the balloons. The double lumen inflation tube associated with each balloon has been
indicated.

[0050] Figure 7 presents an illustration of one embodiment of an apparatus, showing a partially
inflated toroidal balloon within a device frame positioned within the MPA and anchored by an anchor
frame in the LPA, wherein the balloon is attached to an inflation tube, which is further attached to a
subcutaneous inflation port.

[0051] It will be appreciated that for simplicity and clarity of illustration, elements shown in the
figures have not necessarily been drawn to scale. For example, the dimensions of some of the

clements may be exaggerated relative to other elements for clarity.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0052] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those skilled in
the art that the present invention may be practiced without these specific details. In other instances,
well-known methods, procedures, and components have not been described in detail so as not to
obscure the present invention.

[0053] Before explaining at least one embodiment of the present invention in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of the components set forth in the following description or illustrated in the drawings.

The invention is capable of other embodiments or of being practiced or carried out in various ways.
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Also, it is to be understood that the phraseology and terminology employed herein are for the purpose
of description and should not be regarded as limiting.

Apparatuses

[0054] In one embodiment, an apparatus of this invention comprises (a) an anchor frame, (b) a
connecting section, and (c¢) a device frame, wherein the anchor frame, the connecting section and the
device frame together comprise a single entity, an apparatus frame, wherein the anchor frame
comprises one section of the apparatus frame and the device frame comprises another section of the
apparatus frame, and the connecting section connects the anchor frame with the device frame, and the
anchor frame is used to position the device frame within the main pulmonary artery (MPA). The
anchor frame, connecting section and the device frame provide a platform structure, which in certain
embodiments may be in a collapsed or expanded configuration.

[0055] As used throughout, the term “platform structure” refers in one embodiment to an anchor
frame section, a connecting section and a device frame section of an apparatus of this invention. In
some embodiments, the term “platform structure” may be referred to as an “apparatus”, “apparatus
frame” or “platform frame” having all the same meanings and qualities.

[0056] Reference is now made to Figure 2. Figure 2 presents an embodiment of an apparatus
comprising an apparatus frame of the invention in block diagram form. The entity includes three
sections, an anchor frame section, a device frame section and a connecting section that connects the
anchor frame with the device frame. Placement of the anchor frame section within a branch of the
pulmonary artery anchors and establishes the placement of the device frame within the MPA. In one
embodiment, a connecting section of this invention can include a zig-zag format, a stent-like format,
an open weave format, a mesh format, a lattice format or a crisscross format or may include at least
one strut, or any combination thereof (Figure 3 and Figures 4A-H).

[0057] As used herein, the term “expanded configuration” refers in one embodiment to an apparatus
frame of this invention after deployment. In one embodiment, an apparatus frame may be self-
expanding following deployment. In another embodiment, an apparatus frame may be balloon
expandable following deployment. In another embodiment, an apparatus frame of this invention is
self-expanding and balloon expandable. In another embodiment, an apparatus frame comprises at
least a portion sections that is self-expanding and at least a portion that is balloon expanding. In
another embodiment, self-expanding and balloon expanding portions do not overlap. In an alternative
embodiment, self-expanding and balloon expanding portions comprise some overlap. In another
embodiment, overlap comprises less than about 1% of the apparatus. In another embodiment, overlap
comprises less than about 5% of the apparatus. In another embodiment, overlap comprises less than

about 10 % of the apparatus. In another embodiment, overlap comprises less than about 20% of the

13



WO 2016/013006 PCT/IL2015/050745

apparatus. In another embodiment, overlap comprises less than about 30% of the apparatus. In another
embodiment, overlap comprises less than about 40% of the apparatus. In another embodiment,
overlap comprises less than about 50 % of the apparatus. In another embodiment, overlap comprises
less than about 60% of the apparatus. In another embodiment, overlap comprises less than about 70%
of the apparatus. In another embodiment, overlap comprises less than about 80% of the apparatus. In
another embodiment, overlap comprises less than about 90% of the apparatus. In another
embodiment, overlap comprises about 100% of the apparatus. As used herein, the term “expanded
configuration” may be used in some embodiments, interchangeably with “expanded” or “expanded
apparatus” or “expanded apparatus frame” or expanded conformation” having all the same qualities
and meanings.

[0058] In one embodiment, an anchor frame may be placed in the left pulmonary artery (LPA). In
another embodiment, an anchor frame may be placed in the right pulmonary artery (RPA). By placing
and expanding an anchor frame within a pulmonary artery branch, the device frame section of the
apparatus may be accurately positioned within the MPA, ensuring concentric implantation within the
MPA. In one embodiment, an anchor frame further includes a protrusion. When an apparatus of this
invention is implanted such that the anchor frame is place within the LPA, in one embodiment an
anchor frame protrusion extends, asymmetrically, into the RPA to prevent downstream movement of
the apparatus. (Figure 4B) Vice versa, when an apparatus of this invention is implanted such that the
anchor frame is place within the RPA, in one embodiment an anchor frame protrusion extends into
the left pulmonary artery to prevent downstream movement of the apparatus.

[0059] Movement of the device frame may be prevented by the placement and expansion of the
anchor frame, as well as the expansion of the device frame itself. In one embodiment following
deployment of an apparatus of this invention, the anchor frame is positioned and released and this
positions the device frame. Future movement is prevented by the radial strength of the anchor frame
and the device frame structures. In another embodiment, future movement may be prevented by the
use of hooks. In yet another embodiment, future movement may be prevented by protrusion of an
anchor frame into the counter-lateral branch of the PA. These embodiments to prevent movement are
not exclusive and may be combined, that is, in one embodiment movement may be prevented by the
radial strength of the anchor frame, the radial strength of the device frame, use of hooks associated
with the anchor frame, use of hooks associated with the device frame, use of hooks associated with
the anchor frame and the device frame, or by a protrusion of an anchor frame into the counter-lateral
branch of the PA, or any combination thereof.

[0060] In one embodiment, sutures are not needed to prevent movement of the apparatus of this

invention. In one embodiment, tissue hooks are not needed to prevent movement of an apparatus of
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this invention.

[0061] Reference is now made to Figure 3. Figure 3 depicts, in cross-section, one embodiment of an
apparatus implanted within the pulmonary artery, comprising an anchor frame section, a connecting
section and a device frame section in its expanded configuration. During deployment, when the
anchor frame is expanded within the LPA it exerts pressure on the inner pulmonary artery wall,
thereby anchoring the anchor frame within the LPA. The positioning of the anchor frame within the
LPA is chosen such that it ensures accurate placement of the device frame within the MPA, situated
between the PA bifurcation and the pulmonary valve, after deployment of the connecting section and
the device frame.

[0062] The size of the apparatus frame of an apparatus of this invention may be tailored to pulmonary
artery dimensions present in a CHF patient, wherein the skilled artisan using knowledge of
physiology of a subject could competently select the proper dimensions of an apparatus of this
invention for use in a method of this invention.

[0063] Methods of measuring the internal diameter of a branch pulmonary artery and the main
pulmonary artery are known in the art, such as by echocardiogram or magnetic resonance imaging
(MRD). Therefore, the dimensions of an apparatus, when in an expanded configuration, may be
predetermined by one skilled in the art.

[0064] In one embodiment, slight oversizing of the diameter of the platform structure, in its expanded
configuration, is sufficient to retain the apparatus in place after deployment in the vessels.

[0065] In one embodiment, a device frame may have a diameter, for example in an adult human, of
about ~30mm, roughly equivalent to the maximum length that can be put into the MPA while keeping
sufficiently away from the pulmonary valve or the bifurcation so as not to interfere with either. In
general, use of any frame with a length to diameter ratio of less than ~2 leads to problems of stable
deployment of the device. Problems may include potential for the frame to rotate and not sit
concentrically within the MPA. A worst-case scenario would be for the frame to rotate or move and
cause near complete obstruction of the MPA, which could require surgical intervention to correct.
[0066] In certain embodiments, this invention overcomes problems of accurate device frame
positioning with the MPA, and potential for later movement from that position. In one embodiment,
an apparatus frame of this invention uses an anchoring frame connected (through a connecting
section) to the device frame, wherein the anchor frame is place within a branch pulmonary artery,
which effectively adds length to the device frame and, may in certain instances, prevent the problem
of unwanted rotation and non-concentric placement during deployment. In one embodiment, an
apparatus frame of this invention may ensure concentric placement of the device frame within the

MPA.
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[0067] In one embodiment, wherein an apparatus of this invention is for use in a human adult,
dimensions of a platform structure may, for example, comprise a length of about 55 mm (including
the anchor frame, connecting section, and device frame), an expanded diameter of about 16 mm in the
anchor frame (in either the LPA or RPA), and an expanded diameter of about 30 mm in the device
frame (in the MPA). In another embodiment, the apparatus is sized such that the expanded anchor
frame is slightly larger in diameter than the measured branch PA, and the device frame is slightly
larger in diameter than the measured MPA, thereby helping to prevent movement of the expanded
apparatus.

[0068] In one embodiment, an at least one inflated balloon attached to a device frame could create an
effective MPA diameter of about 15 mm. In another embodiment, a partially inflated at least one
balloon could create an effective MPA of less than 15 mm. In one embodiment, to create an effective
MPA diameter of about 15 mm or less than 15 mm, an at least one inflated balloon may for example
be a circular balloon, a toroidal shaped balloon, or multiple balloons, wherein adjustment of the
inflation state of these balloons provides for an effective MPA diameter.

[0069] Reference is now made to Figures 4A-H. The apparatus frames illustrated in Figures 4A-H
show certain embodiments of the invention. For instance, Figures 4A-H show that the format
structure of the strands making up an apparatus frame may differ between the anchor frame, the
connecting section, and the device frame. In these embodiments, the anchor frame has been drawn
with a stent-like, or crisscross pattern, format. Other embodiments may include an anchor frame with
a lattice format, an open weave format, longitudinally-arranged strands, a zig-zag format, or a stent-
like format. Each figure represents another embodiment of an apparatus and of how that apparatus
may be implanted, such that the device frame is securely positioned within the MPA. As seen in these
figures, the connecting section may be comprised of strands formed into longitudinally arranged
struts. Figure 3 and Figures SA-B and Figures 6A-B show in other embodiments a connecting
section having a lattice format, an open weave format, a zig-zag format, a crisscross format, or a stent-
like format. In certain embodiments, as shown throughout Figures 4A-H, a device frame may have a
zig-zag format. In other embodiments, a device frame comprises a lattice format, an open weave
format, radially arranged strands, a crisscross format, or a stent-like format.

[0070] Figure 4A shows an apparatus frame positioned with the anchor frame in the LPA and the
device frame positioned in the MPA, in the absence of a medical device attached to the device frame.
This could in one embodiment, represent a time prior to implantation of medical device, for example
a balloon. In another embodiment, this could represent a time following termination of a therapy
wherein the medical device, for example a balloon, has been removed.

[0071] Figure 4B shows another embodiment of an apparatus frame that includes an asymmetrical
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protrusion extending into the RPA to prevent downstream movement of the apparatus. If needed, an
apparatus could also include hooks that penetrate the tissue of the arterial walls and secure the
apparatus frame in place, as shown in one embodiment in Figure 4C. Alternative embodiments, may
include hooks only in the anchor frame or only in the device frame.

[0072] Figure 4D illustrates an embodiment wherein the apparatus has an overall bent configuration
as the anchor frame has been implanted in the RPA and is depicted with a single bowed strut, but in
general may include other struts or connecting structures, attaching this anchor frame with the device
frame secured within the MPA.

[0073] Figures 4E and F show embodiments of the apparatus with a circular balloon, wherein struts
from the anchor frame (Figure 4E) or from both the anchor frame and the device frame (Figure 4F)
are used to secure that the balloon in centered concentrically in the MPA. In these embodiments, the
flow restrictor is positioned within the MPA such that the blood flow will be between the balloon and
the walls of the MPA. Restriction of blood flow may be adjusted based on the size and shape of the
balloon, which affects the flow of blood. For example, by decreasing the effective diameter of the
MPA with increased inflation of a balloon, flow of blood through the MPA will be reduced.

[0074] Positioning of an apparatus of this invention comprising a flow restrictor comprising an at
least one balloon affects the route of blood flowing through the MPA. Positioning of an at least one
balloon may affect the path the blood takes and create directional pressures on the at least one balloon
along the vascular walls. In one embodiment, an at least one balloon is centered within the MPA. In
another embodiment, an at least one balloon is concentric with the MPA. In alternate embodiments,
an at least one balloon is not centered within the MPA.

[0075] Figures 4G and 4H provide embodiments wherein the flow restrictor comprises a toroidal
balloon positioned in the inner circumference of the MPA, wherein blood flow would be through the
center opening of the balloon. Figure 4G shows the toroidal balloon having approximately a circular
cross-section, while Figure 4H shows the toroidal balloon having a non-circular profile. In another
embodiment, a toroidal balloon has an approximately semi-circular cross-section (Figure 5A). A
balloon as depicted in Figure 4H may, for example, cause a force vector outward towards the wall of
the artery, and function to keep the balloon secure against the sides of the MPA vessel.

[0076] In one embodiment, an apparatus comprising an anchor frame, a connecting section and a
device frame is composed of any biocompatible material that does not interact with the blood. In one
embodiment, an apparatus comprising an anchor frame, a connecting section and a device frame is
composed of shape memory alloy.

[0077] As used herein, the terminology “shape memory alloy” refers to alloys which exhibit a shape

memory effect. That is, the shape memory alloy may undergo a solid state phase change via
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molecular rearrangement to shift between a martensite phase, i.e., “martensite”, and an austenite
phase, i.e., “austenite”. In other words, shape memory alloys are metals that "remember" their original
shapes.

[0078] As is well known for minimally invasive medical procedures, the shape memory alloy may
advantageously be designed to as to be stored in a deformed state (collapsed configuration) at room
temperature while reverting to its predefined shape at body temperature (expanded configuration).
[0079] Shape memory alloys compatible with an apparatus of the invention may be based on various
metals such as iron, copper or nickel, as long as they are biocompatible. In one embodiment, shape
memory alloy is Nitinol, which is made from nickel and titanium in approximately equiatomic
amounts or a slight increase of nickel. A description of Nitinol may be found, inter alia, in U.S. Pat.
No. 4,425,908 whose contents are incorporated herein by reference. Small changes [less than 1%] in
the percentage of nickel in the alloy confer large changes in the properties of the alloy, particularly
with respect to the transformation temperature. In one embodiment, a Nitinol alloy will comprise a
weight percentage of 55-56% nickel in order to have shape memory and superelastic properties at
body temperature. In one embodiment, a shape memory alloy will comprise 55.1-55.6% nickel.

[0080] In one embodiment, an apparatus of this invention is in a collapsed configuration, wherein the
apparatus is deliverable by a transcatheter procedure. In one embodiment, wherein the anchor frame,
connecting section and the device frame of an apparatus of this invention are composed of a shape
memory alloy, such as Nitinol, and the apparatus is configured to form a collapsed configuration, the
apparatus is deliverable by a transcatheter procedure, and spontaneously changes to form an expanded
configuration within the vessels after deployment. Such an apparatus is called a “self- expanding”
apparatus.

[0081] In one embodiment, an apparatus frame or a section thereof of this invention does not
comprise shape memory alloy materials. In one embodiment, an apparatus frame, or a section
thereof, may be made of stainless steel. In another embodiment, an apparatus frame or a section
thereof, may be made of any biocompatible metallic material. In one embodiment, an apparatus frame
or section thereof is not comprised of a self-expanding material.

[0082] In an alternate embodiment, an apparatus frame or section thereof is comprised of a non-self-
expanding material. In certain embodiments, wherein an apparatus frame or a section thereof is not
comprised of a self-expanding material, the apparatus or sections thereof may be expanded using an at
least one inflatable high-pressure balloon. In one embodiment, an apparatus frame is balloon
expandable. In certain embodiments, an apparatus frame of the invention may be delivered using a
transcatheter method and upon placement in the proper position expanded to an expanded

configuration. In some embodiments, an apparatus frame comprised of shape memory alloy expands
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upon placement in a proper position. In another embodiment, an at least one high pressure balloon is
used to expand an apparatus frame or sections thereof once it has been positioned.

[0083] In one embodiment, a device frame of this invention comprises a medical device. The
platform formed from the anchor frame, the connecting section and the device frame supports the
medical device, providing a stable platform from which it may function. The medical device may be
mounted on, attached to or integrally part of the device frame. In one embodiment, an apparatus of
this invention fixes the medical device in place by exerting pressure on the inner pulmonary artery
walls when the anchor frame, connecting section and the device frame are in their expanded
configurations.

[0084] As used herein, the term “attached” refers to one element, for example a medical device being
connected or joined to something, for example, a device frame. In one embodiment, an attachment is
permanent. In one embodiment, an attachment is reversible. In one embodiment, a medical device is
permanently attached to a device frame. In another embodiment, a medical device is an integral part
of a device frame. In yet another embodiment, a medical device may be reversibly attached to a
device frame. In the case of a medical device being reversibly attached, the device may be mounted to
the device frame prior to implantation, during implantation or following implantation. In one
embodiment, wherein a medical device, for example a balloon, is attached to a device frame prior to
delivery and implantation, the balloon would be in a deflated state and may be permanently or
reversibly attached to the device frame. In one embodiment, a medical device may be un-attached
from the device frame following the end of a therapeutic use of the apparatus.

[0085] In one embodiment of this invention, a medical device, for example a balloon may be attached
to the device frame by being sewn onto the frame. In another embodiment, a medical device, for
example a balloon may be attached by heat sealing wherein the balloon is sealed to the device frame.
A medical device may be attached to the interior of a device frame using any means known in the art
to be a secure attachment and to be bio-compatible for implantation in a human.

[0086] In one embodiment, a medical device is selected from the group comprising a flow restrictor,
a valve, a filter, a pacemaker, a flow sensor or a drug delivery platform. In one embodiment, an
apparatus of this invention comprising a medical device functions as an internal pulmonary artery
band for use in the treatment of congestive heart failure (CHF).

[0087] In one embodiment, a medical device comprises a flow restrictor. In one embodiment, a
medical device consists essentially of a flow restrictor. In one embodiment, a medical device consists
of a flow restrictor. Placement of a flow restrictor within the MPA may, in one embodiment, decrease
the effective internal diameter of the MPA. In another embodiment, placement of a flow restrictor

within the MPA may increase the resistance of blood flow to the lungs. In yet another embodiment,
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placement of a flow restrictor within the MPA may increase the afterload of the right ventricle. In still
another embodiment, placement of a flow restrictor within the MPA may increase the pressure in the
right ventricle. In still another embodiment, placement of a flow restrictor within the MPA may
reposition the interventrical septum to achieve a more normal physiological position. In other words,
placement of the flow restrictor would correct the right-shift of the septum due to left ventricular
failure. In a further embodiment, placement of a flow restrictor within the MPA may improve left
ventricular function. In one embodiment, placement of a flow restrictor within the MPA may provide
a combination of any and all of the effects described herein. These embodiments need not be
exclusive of one another, and combinations of each may be possible.

[0088] In one embodiment, a flow restrictor comprises at least one inflatable balloon. In another
embodiment, a flow restrictor comprises at least two inflatable balloons. In yet another embodiment, a
flow restrictor comprises at least three, or four, or five or seven inflatable balloons. In one
embodiment, a flow restrictor comprises at least five inflatable balloons. In still another embodiment,
a flow restrictor comprises at least ten or more inflatable balloons.

[0089] Balloons may be inflated to form numerous pre-ordained shapes as known in the art. In one
embodiment a flow restrictor comprises a toroidal shaped balloon. A toroidal balloon may, in one
embodiment, has a circular cross-section. In another embodiment, a toroidal balloon has a non-
circular cross section.

[0090] In another embodiment, a flow restrictor further comprises a cover. For example, in another
embodiment an at least one balloon further comprises a cover. In another embodiment, a flow
restrictor is a covered balloon. In some embodiments, methods of use of a covered flow restrictor
device creates gradual changes in diameter, prevent eddy currents of blood around the balloons, or
allows greater control over material selection for biocompatibility, hemocompatibility, etc., or any
combination thereof. In certain embodiments, methods of use of a covered balloon creates gradual
changes in diameter, prevent eddy currents of blood around the balloons, or allows greater control
over material selection for biocompatibility, hemocompatibility, etc., or any combination thereof.
[0091] Reference is now made to Figures SA-E. Figure 5A depicts, in cross-section, an anchor
frame, a connecting section, and a device frame, in an expanded configuration wherein a toroidal
balloon flow restrictor is attached on the inner circumference of the device frame. The expanded
anchor frame placed in the LPA positions the toroidal balloon attached to the device frame within the
MPA. Attached to the balloon is an inflation tube, wherein the distal end of the inflation tube is
attached to the balloon. The inflation tube may descend along the vessel wall of the MPA, through the
pulmonary valve and the right side of the heart, and through a vein feeding the right atrium. The

proximal end of the inflation tube may be attached to a subcutaneously implanted inflation point to
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allow for control or the degree of inflation of the toroidal balloon (Figure 7).

[0092] In one embodiment of this invention an inflation tube is attached to an inflatable balloon at its
distal end and attached to an inflation port at its proximal end. In one embodiment, the attachment of
the inflation tube to a balloon is permanent. In another embodiment, the attachment of the inflation
tube to a balloon is reversible. In one embodiment, the attachment of the inflation tube to an inflation
port is permanent. In another embodiment, the attachment of the inflation tube to an inflation port is
reversible. The toroidal balloon illustrated in Figure 5A has been partially inflated. Figure 5B
depicts, in cross-section, one embodiment of the invention, showing a completely deflated toroidal
balloon attached to the device frame within the MPA.

[0093] In one embodiment, an inflation tube is a thin inflation tube. In some embodiments, an
inflation tube of this invention comprises a hollow tube made of a polymer, which in certain
embodiments is a flexible polymer with limited interference for the vessels and valves through which
it is deployed. In one embodiment, an inflation tube has a single lumen. In another embodiment, an
inflation tube has two lumens, one for inflation and one for use with a guide wire.

[0094] In one embodiment, an inflation tube is attached to/detached from a subcutaneously implanted
inflation port by pushing/pulling the inflation tube. In another embodiment, an inflation tube is
attached to/detached from an inflation port by screwing/unscrewing the inflation tube. In yet another
embodiment, an inflation tube is attached to/detached from an inflation port by electrolysis or other
mechanical or chemical means.

[0095] In one embodiment, an inflation port may be implanted subcutaneously within a subject
concurrently with implantation of an apparatus. In another embodiment, an inflation port may be
implanted within a subject prior to implantation of an apparatus. In one embodiment, an inflation port
may be removed from a subject at the termination of a therapy. In another embodiment, an inflation
port may be left in place at the termination of a therapy. The inflation tubes may be detached from the
inflation port or may remain in place.

[0096] In one embodiment, the inflation state of an at least one balloon is adjustable. In one
embodiment, adjustments may be made at the time of implantation or during a therapeutic treatment
or any combination thercof. In one embodiment, adjustments may be made at the termination of a
therapy, for example completely deflating an at least one balloon. In some embodiments, wherein an
apparatus of this invention is left in place, it may be possible to inflate an at least one balloon at a later
date dependent on the need of a subject patient. In one embodiment, adjustments to the inflation state
of an at least one balloon are controlled from the inflation port by the introduction or removal of a
fluid solution, for example a saline solution. In another embodiment, the at least one balloon is

adjustable at any time after implantation. In yet another embodiment, the at least one balloon is
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adjustable only at time of implantation. In still another embodiment, the at least one balloon is not
adjustable.

[0097] In one embodiment, inflation of a balloon may reduce the effective diameter of the MPA,
creating a resistance to blood flow to the lungs. Figure 5C depicts, in a bottom view, a partially
inflated toroidal balloon attached to a device frame, from below the MPA. The effective diameter of
the MPA has been significantly reduced. The anchor frame of the apparatus shown in Figure 5C has
been placed in the LPA (not observable from this angle). The device frame is observable as a thin ring
and the RPA is seen extending leftward. Figure 5D depicts, in a bottom view, an apparatus as is
shown in Figure 5C, wherein the balloon is in a less inflated state. The decreased inflation reveals
the connecting section residing between the LPA and the MPA. Figure 5E depicts, in a bottom view,
an apparatus wherein the toroidal balloon has been completely deflated.

[0098] Reference is now made to Figures 6A 6E and 6F. Figure 6A depicts an apparatus, wherein
the anchor frame is placed in the LPA, the connecting section connects between the anchor frame and
the device frame, the device frame is positioned within the MPA and five small balloons have been
attached around the inner circumference of the device frame, effectively placing the five balloons in a
donut-like shape within the inner circumference of the MPA (See Figure 6E-F). Figure 6E shows a
bottom view of an embodiment of this invention, wherein an apparatus comprises an anchor frame
placed in the LPA, a connecting section connects between the anchor frame and the device frame, a
device frame positioned in the MPA and having five small balloons attached to the device frame and
arranged around the inner circumference of the device frame. Balloons shown are in the inflated state,
thereby effectively reducing the effective diameter of the MPA and creating resistance to blood flow
to the lunges. The attached double lumen inflation tubes can be seen extending from each balloon.
The lattice of the connecting section can be observed between the balloons while the device frame is
observable in a thin ring around the balloons.

[0099] In Figure 6A half the vessel wall has been removed from the illustration, in order to show the
arrangement of balloons. At one region of the balloons, the balloons are attached to the device frame
while at another region of the balloons, the balloons are attached to inflation tubes. In another
embodiment, each balloon can be attached to the device frame at more than one point on the balloon.
In certain embodiments, wherein more than a single balloon is attached to a device frame, and
wherein each balloon is also attached to an inflation tube, the inflation tubes may be manifolded
together to form a single tube prior to attachment to an implanted subcutaneous inflation port (not
shown). In this manner, balloons may be concurrently inflated or deflated. In other embodiments,
wherein more than a single balloon is attached to a device frame, and wherein each balloon is also

attached to an inflation tube, the inflation tubes remain separate and attach separately to subcutaneous
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inflation ports. In this instance, balloons may be inflated or deflated independent of one another. The
attachment to the subcutaneous port may be permanent or revisable.

[00100] Inone embodiment, a flow restrictor of this invention comprising multiple balloons creates
a particular geometry within the MPA. A geometry created by multiple balloons may be
advantageous in regulating blood flow. In one embodiment, a flow restrictor may comprise two
balloons joined together end to end forming ring, similar to hot-dogs joined end to end when inflated.
[00101] In one embodiment, inflation and/or deflation of an at least one balloon of this invention
comprises injecting or withdrawing a fluid through the inflation port. In one embodiment, the fluid is
an isotonic saline solution. In another embodiment, a fluid is a glue. In yet another embodiment, a
fluid may be beads or particles that act as a fluid. In one embodiment, regulation of inflation/deflation
state of an at least one balloon is by injecting or withdrawing a fluid through the inflation port.

[00102] In one embodiment, an at least one balloon of this invention comprise a low-pressure, or
compliant balloon. Compliant medical balloons are typically fabricated from polyurethane, Nylon
clastomers, silicon, latex, or other thermoplastic elastomeric material. They typically have thicker
wall thickness than high pressure dilatation medical balloons, and burst pressures typically range up
to 2 atmospheres of pressure.

[00103] In one embodiment, the adjustable inflation of an at least one balloon provides the ability to
adjust the inflation state of the balloon for an extended time period following implantation of said
apparatus in a subject. In one embodiment, adjustable inflation allows for adjustment of the effective
diameter within the MPA. In one embodiment, a balloon in a deflated state does not effectively
reduce the diameter of the MPA. In one embodiment, wherein a flow restrictor is comprised of
multiple balloons, and wherein the balloons are all in a deflated state, there is no effective reduction of
the diameter of the MPA.

[00104] In one embodiment, an apparatus of this invention is adjustable, wherein an attached
medical device, for example an at least one balloon may be deflated, partially inflated or fully
inflated. In another embodiment, the attached medical device is adjustable at any time after
implantation. In yet another embodiment, the attached medical device is adjustable only at time of
implantation. In a further embodiment, the attached medical device is adjustable at the time of
termination of treatment. In still another embodiment, the attached medical device is not adjustable. In
another embodiment, a skilled artisan may regulate the extent to which the diameter of the MPA is
reduced by partially inflating balloon(s), fully inflating balloon(s), fully deflating balloon(s), or
having balloon(s) at different states of inflation.

[00105] In one embodiment, the effective reduction of the MPA diameter is directly related to the

inflation state of an at least one balloon of this invention. As used herein, the phrase “effective
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reduction in diameter” refers to the percent reduction in diameter of the MPA in the area of the
inflated balloon. For example, in an embodiment wherein a medical device is an at least one balloon
and the balloon is fully deflated the effective diameter of the MPA is essentially the diameter prior to
placement of an apparatus minus the thin circumference of the device frame. In other words, the
effective reduction in diameter is about 0%.

[00106] In one embodiment, an effective reduction in diameter comprises a range of about 0% to
about 100%, wherein 0% comprises a fully open state and 100% comprises a fully closed state,
wherein a percent constriction greater than 0% and less than 100% comprises a partially open state. In
one embodiment an effective reduction in diameter comprises a range of about 10% to about 90%. In
another embodiment, an effective reduction in diameter comprises a range of about 40% to about70%.
In yet another embodiment, an effective reduction in diameter comprises a range of about 10% to
about 20%. In still another embodiment an effective reduction in diameter comprises a range of about
20% to about 30%. In a further embodiment, an effective reduction in diameter comprises a range of
about 30% to about 80%, or about 30% to about 70%, or about 40% to about 70%, or about 50% to
about 70%, or about 50% to about 60%. In one embodiment, an effective reduction in diameter is
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90%.

[00107] Reference is now made to Figures 6B-D. In one embodiment, a medical device is attached
to a device frame of an apparatus, wherein the device frame is positioned within the MPA. In one
embodiment, a balloon is attached to the device frame of an apparatus. Figure 6B shows, in cross-
section, multiple balloons partially inflated and attached to a medical device by guide wires that
extend through one of the lumens of the inflation tube (not the lumen used for inflation) and through
the balloon to attach the balloon to the device frame at an attachment site. In one embodiment, as
shown here, the guide wires hook onto the device frame. Figure 6C shows another embodiment of
the apparatus of Figure 6B, wherein all of the balloons are deflated. Note the presence of the guide
wire within the deflated balloons. In one embodiment, guide wires threaded through a balloon and
through a lumen of the inflation tube, which is not the lumen for inflation, could be attached to the
device frame prior to deployment of the apparatus in the MPA. In another embodiment, guide wires
threaded through a balloon and through an inflation tube (in a separate lumen than that used from
inflation) could be attached to the device frame at the time of implantation or following implantation
of a platform frame prior to balloon inflation. In one embodiment, the guide wires extend for the
entire length of the double lumen inflation tube, and terminate at the subcutaneous inflation port, for
later use in unhooking and removing the balloons after termination of treatment. In one embodiment,
guide wires may be made of any biocompatible material known in the art able to secure a balloon to

an apparatus frame.
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[00108] Sites of attachment, for example for guide wires, may be around the circumference of the
device frame, as shown in Figures 6B and 6C. Alternatively, a balloon could be stitched to the device
frame or heat sealed to the device frame. Each balloon in Figures 6B and 6C has a double lumen
inflation tube, the inflation lumen of which can each remain separate or they can all be manifolded
into a single inflation tube attached to a subcutaneous port. Figure 6D depicts, in cross-section, an
apparatus comprising an anchor frame, a connecting section, a device frame and the attached guide
wires. This illustrates, in one embodiment, an apparatus of this invention during the process of
removal of balloons. Balloons may be removed from the guide wires or together with the guide wires
after termination of therapy. Figure 3 shows, in one embodiment a cross-section of an apparatus of
this invention, wherein the guide wires and balloons have been removed from the device frame after
termination of therapy.

[00109] In one embodiment, attachment of a guide wire is reversible. In another embodiment,
attachment of a guide wire is permanent. In one embodiment, attachment of a medical device
comprises guide wires. In one embodiment, attachment of a balloon device comprises guide wires.
[00110] In one embodiment, an apparatus comprising a medical device, comprising a flow
restrictor, comprising an at least one balloon, comprises guide wires located within the at least one
balloon.

[00111] In some embodiments, an apparatus comprises a medical device, comprising a flow
restrictor, comprising at least one balloon, wherein the at least one balloon is attached to the device
frame in a deflated state prior to implantation of the apparatus or at the end of a treatment therapy.
[00112] In one embodiment, a medical device is assembled onto the device during implantation,
attaching the medical device to the device frame following positioning of the device frame within the
MPA.

[00113] In one embodiment, a medical device is detached from the device frame and withdrawn
from the implantation site at the end of a treatment therapy.

[00114] In one embodiment, an apparatus of this invention comprising an anchor frame, a
connecting section and a device frame are self-expanding. In this embodiment, the apparatus is
configured to form a collapsed configuration within the delivery catheter, the apparatus is deliverable
by a transcatheter procedure, and spontaneously changes to form an expanded configuration within
the vessels after deployment. In another embodiment, an anchor frame is self-expanding. In another
embodiment, an anchor frame is balloon expandable. In another embodiment, a device frame is self-
expanding. In another embodiment, a device frame is balloon expandable. In another embodiment, a
connecting section is self-expanding. In another embodiment, a connecting section is balloon

expandable. In another embodiment, an anchor frame is self-expanding, and a device frame is balloon
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expandable. In another embodiment, a device frame is self-expanding, and an anchor frame is balloon
expandable.

[00115] In one embodiment, an anchor frame, a connecting section and the device frame are
balloon expandable. In one embodiment, the apparatus is configured to form a collapsed configuration
within the delivery catheter, the apparatus is deliverable by a transcatheter procedure, the apparatus is
positioned at the desired location in the vessels, and a high-pressure balloon is then used to expand the
apparatus to form its final expanded configuration within the vessels. In certain embodiments,
comprising use of a high-pressure balloon for expansion of an apparatus, the high-pressure balloon is
associated with the transcatheter and is not a component of an apparatus of this invention. The high-
pressure balloon is removed following delivery and expansion of the apparatus to an expanded
configuration.

[00116] In one embodiment, an apparatus of this invention is for use in a patient with congestive
heart failure. In one embodiment, a patient has left ventricular failure and preserved right ventricular
function.

[00117] Figure 7 illustrates one embodiment of an apparatus of this invention, comprising (a) an
anchor frame for placement in the LPA; (b) a connecting section having an open weave pattern, and
(c) a device frame for placement in the MPA; wherein together the anchor frame, connecting section
and said device frame comprise a single entity, an apparatus frame, wherein the anchor frame
comprises one section of the single entity and the device frame comprises another section of the single
entity and the connecting section connects the anchor frame with the device frame section. In one
embodiment, a connecting section may be flexible for example so that the apparatus may include a
bend in its configuration following implantation (Figure 4D). In another embodiment, a connecting
section may be less flexible, for example so that the apparatus remains linear or somewhat linear in its
configuration following implantation (Figure 3; Figures 4A, B, C, E, G, and H; Figures 5A-E;
Figures 6A-F; and Figure 7)

[00118] In one embodiment, a device frame, connecting section and the anchor frame comprise
Nitinol shape-memory alloy and are self-expanding, wherein the device frame comprises a flow
restrictor device, comprising a toroidal balloon, preassembled onto the device frame, and wherein the
anchor frame is used to position and anchor the anchor frame in the LPA, thereby positioning and
anchoring the device frame within the MPA. The balloon is attached to the device frame and is further
in fluid contact with a thin inflation tube, wherein the inflation tube is further attached to and in fluid
contact with a subcutaneously implanted inflation port. Saline or other suitable fluid could be used to
adjustably inflate the balloon.

[00119] In one embodiment, the flow restrictor comprises a toroidal shaped balloon, for example
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see Figure 7, comprises a low-pressure elastomeric balloon, wherein inflation of said low-pressure
clastomeric balloon is adjustable at the time of implantation and thereafter and controls the effective
diameter of the main pulmonary artery (MPA) during treatment of a congestive heart failure patient
with left ventricular failure and preserved right ventricular function.

Methods of Use

[00120] Normal cardiac contraction is a finely tuned orchestrated activity dependent of muscle
function, ventricular geometry and loading conditions termed preload and afterload. When congestive
heart failure (CHF) due to left ventricular systolic failure occurs it is typically associated with changes
in the geometry of the ventricles. The left ventricle becomes dilated and the interventricular septum is
deflected into the right ventricle (Figures 1A and 1B). The efficient systolic function of the left
ventricle is dependent not only on the strength of the myocardium but also on the left ventricular
geometry, the position and shape of the interventricular septum and the geometry and function of the
right ventricle. Increasing flow resistance out of the RV has the effect of increasing pressing in the
RV. This increased RV pressure may help to support and reposition the interventricular septum
during systolic pumping of the LV. In one embodiment, a method of this invention affects the
position and function of the interventricular septum during systole.

[00121] In one embodiment, left ventricle failure may be caused by an ischemic cardiomyopathy. In
ischemic cardiomyopathy, the heart's ability to pump blood is decreased because the heart's main
pumping chamber, the left ventricle, is enlarged, dilated and weak. This is caused by ischemia - a lack
of blood supply to the heart muscle caused by coronary artery disease and heart attacks.

[00122] In one embodiment, a method of this invention repositions the interventricular septum to a
more normal anatomical/physiological position by increasing the counter pressure of the RV on the
septum wall. In one embodiment, a method of this invention for repositioning, supporting or
repositioning and supporting the interventricular septum in a LV failure patient comprises implanting
an apparatus of this invention, as described in detail above. In certain embodiments, the result of
repositioning, supporting, or repositioning and supporting the interventricular septum results in more
efficient LV pumping, thereby treating, reducing the severity of, delaying the onset of or reducing
symptoms associated with congestive heart failure (CHF), or any combination thereof.

[00123] In one embodiment, a method of this invention comprises treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricle failure in an adult subject,
said method comprising pulmonary artery banding (PAB). In another embodiment, left ventricle
failure comprises ischemic left ventricular (LV) dysfunction. In another embodiment, left ventricle

failure comprises chronic ischemic left ventricular (LV) dysfunction.
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[00124] In one embodiment, this invention provides apparatuses, as described throughout, which
may be used for treating a patient with CHF. CHF may be due to congenital heart disease, coronary
artery disease, high blood pressure that is not well controlled, heart attack, heart valves that are leaky
or narrowed, or infection that weakens the heart muscle, or any known cause in the art, or any
combination thereof.

[00125] Inone embodiment, an apparatus of this invention may be used to treat, reduce the severity
of, delay the onset of, or reduce symptoms associated with any cardiac or pulmonary condition that
requires blood flow reduction through a pulmonary artery. In one embodiment, a method of this
invention may be used to treat, reduce the severity of, delay the onset of or reduce symptoms
associated with any cardiac or pulmonary condition that requires blood flow reduction through a
pulmonary artery. Pulmonary conditions that require blood flow reduction through a pulmonary artery
may include conditions with excessive pulmonary blood flow in order to prevent pulmonary
hypertrophy and irreversible (fixed) pulmonary hypertension. Cardiac conditions that require blood
flow reduction through a pulmonary artery may include congenital heart defects such as ventricular
septal defects (VSD) and atrioventricular septal defects (AVSD), wherein there may be one or
multiple holes in the walls separating adjacent chambers. This causes left-to-right shunting of blood
as oxygenated blood can flow back to the right side of the heart, resulting in a mixture of oxygenated
and deoxygenated blood. Increased amounts of blood on the right side of the heart cause an excess of
blood flow into the lungs (pulmonary circulation) and increased pulmonary resistance due to the
buildup of pressure.

[00126] In one embodiment, a method of this invention is for treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricular failure in an adult human
comprising implanting an apparatus comprising: (a) an anchor frame for placement in a branch
pulmonary artery; and (b) a device frame for placement in the main pulmonary artery (MPA); and (c)
a comnecting section; wherein the anchor frame, and the device frame and the connecting section
comprise a single entity, an apparatus frame, wherein the anchor frame comprises one section of the
apparatus frame, and the device frame comprises another section of the apparatus frame, and the
connecting section connects the anchor frame and the device frame of the single entity, and wherein
the anchor frame is used to position the device frame within the MPA when the apparatus is in an
expanded position; wherein the device frame comprises an adjustable flow restrictor; the method
comprising the steps of: implanting the apparatus using transcatheter delivery such that the anchor
frame resides within a branch pulmonary artery and the device frame resides within the MPA; and
adjusting the flow restrictor to reduce the effective diameter of the MPA; wherein implantation of the

apparatus treats, reduces the severity of, delays the onset of, or reduces symptoms associated with left
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ventricular failure in an adult human.

[00127] In certain embodiments, methods of this invention for treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricle failure in an adult subject,
comprise pulmonary artery banding (PAB). In another embodiment, left ventricle failure is due to
congestive heart failure. In another embodiment, left ventricle failure is due to ischemic damage. In a
further embodiment, PAB comprises a reversible process.

[00128] In another embodiment, PAB comprises external PAB. In another embodiment, external
PAB comprises wrapping a band around the exterior of the main pulmonary artery (MPA) and fixing
the band in place. In another embodiment, an external band is fixing the band in place comprises a
surgical procedure. In another embodiment, fixing the band in place comprises sutures. In another
embodiment, external PAB comprises use of an inflating band ring. In another embodiment, external
PAB comprises use of an adjustable band. In another embodiment, an adjustable band may be
controlled remotely. In still another embodiment, external PAB comprises use of any band known in
the art. In another embodiment, an external band comprises a biocompatible material.

[00129] In yet another embodiment, the PAB comprises an intravascular PAB. In another
embodiment, intravascular PAB comprises use of a transcatheter delivery of a device into a
pulmonary artery. In another embodiment, intravascular PAB comprises minimally invasive PAB. In
another embodiment, intravascular PAB comprises use of an apparatus of this invention. In another
embodiment, the PAB comprises use of an adjustable device. Examples of adjustable devices for
intravascular administration are known in the art, for example see US Patents Nos. 6,120,534 and
6,638,257, which are hereby incorporated in their entirety. In another embodiment, an adjustable
device comprises a balloon. In another embodiment, an adjustable band may be controlled remotely.
In still another embodiment, intravascular PAB comprises use of any device known in the art. In
another embodiment, an intravascular device used for PAB comprises a biocompatible material.
[00130] It will be appreciated by a skilled artisan that the term “biocompatible material” as used
herein, refers to a material, synthetic or natural, and which remains in intimate contact with living
tissue and which does not threaten, impede, or adversely affect living tissue.

[00131] In another embodiment, an apparatus as described herein may be used for treating,
reducing the severity of, delaying the onset of or reducing symptoms associated with left ventricle
failure in an adult subject.

[00132] In one embodiment, as used herein, the term “treating” refers to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is to prevent or lessen the targeted
pathologic condition, for example CHF, as described hereinabove. Thus, in one embodiment, treating

may include directly affecting or curing, suppressing, inhibiting, preventing, reducing the severity of,
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delaying the onset of, reducing symptoms associated with CHF, or a combination thereof. Thus, in
one embodiment, “treating” refers inter alia to delaying progression, expediting remission, inducing
remission, augmenting remission, speeding recovery, increasing efficacy of or decreasing resistance
to alternative therapeutics, or a combination thereof. In one embodiment, “preventing” refers, inter
alia, to delaying the onset of symptoms, preventing relapse of CHF symptoms, decreasing the number
or frequency of relapse episodes, increasing latency between symptomatic episodes, or a combination
thereof. In one embodiment, “suppressing” or “inhibiting”, refers inter alia to reducing the severity of
symptoms, reducing the severity of an acute episode, reducing the number of symptoms, reducing the
incidence of disease-related symptoms, reducing the latency of symptoms, ameliorating symptoms,
reducing secondary symptoms, reducing secondary infections, prolonging a patient survival, or a
combination thereof.

[00133] In one embodiment, a method of this invention is for treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with left ventricular failure in a human adult
patient. In another embodiment, a method of this invention is for treating, reducing the severity of,
delaying the onset of or reducing symptoms associated with congestive heart failure in a human adult
patient. In another embodiment, a patient is a human child. In yet another embodiment, a patient is a
human infant.

[00134] In one embodiment, an apparatus of this invention may be implanted in a patient in need.
As has been described in the art, in certain embodiments, a catheter may be brought through a vein to
the right atrium, through the tricuspid valve into the right ventricle, and out through the pulmonary
artery to the start of the branch LPA where deployment may commence when the desired location in
the LPA is identified, which ensures proper position of the device frame in the MPA.

[00135] As used herein, the term “deployment” refers in one embodiment to delivery of an
apparatus of this invention to a desired location; to positioning of the apparatus within that desired
position, for example the anchor frame in the LPA and the device frame in the MPA; and to
expanding the apparatus at the desired position, for example using a self-expanding metallic frame or
a high-pressure balloon-expanding frame; such that the device frame is anchored within the MPA.
Following deployment, the catheter may be removed, including the high-pressure balloon for
expansion, if used.

[00136] In one embodiment, an apparatus of this invention may be implanted using a transcatheter
procedure. In one embodiment, implantation comprises implanting an apparatus frame. In another
embodiment, implantation comprises implanting an apparatus frame comprising a medical device
attached to the device frame as describe above. Guide wires and balloons may be included with the

apparatus at the time of initial implantation or may be implanted at a later date, together or separately.
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[00137] In one embodiment, an implanted apparatus may remain in place for an extended time
period. In certain embodiments, the time-frame that an implanted apparatus remains in place is
variable. In some embodiments, the time-frame that an implanted apparatus remains in place
corresponds to the length of time, the “duration of a treatment” or the length of time treatment is
needed.

[00138] As used herein, the term “duration of treatment” refers in one embodiment to a time until
balloon(s) are completely deflated. Duration of treatment may be determined by a patient’s state of
health, LV output, position of the interventricular septum, or any combination thereof, or any other
medical information determined pertinent by medical personnel.

[00139] In one embodiment, an implanted apparatus remains in place after treatment is completed.
In one embodiment, an implanted apparatus remains in place indefinitely, wherein the balloon(s)
comprised in a device frame are completely deflated when the duration of treatment has been
completed. In one embodiment, treatment is halted, the balloon(s) deflated and the apparatus remains
in place. In another embodiment, balloon(s) comprised within a device frame of implanted apparatus
are removed when treatment is complete, while the apparatus frame remains in place. In another
embodiment both the balloon(s) and the apparatus frame are removed when treatment is complete. In
one embodiment, if a flow restrictor comprising an at least one balloon is removed, the subcutaneous
port is also removed at the same time or at a later date. In another embodiment, if a flow restrictor
comprising an at least one balloon remains in place in a deflated state, the subcutaneously implanted
port remains in place for potential use at a later date. In yet another embodiment, if a flow restrictor
comprising an at least one balloon remains in place in a deflated state, the subcutaneously implanted
port is removed.

[00140] Duration of treatment may differ for each individual patient and for different therapeutic
episodes for a single patient. In one embodiment, an implanted apparatus remains in place comprising
balloon(s) in an inflation state, or a partially inflated state, wherein the effective change of diameter of
the MPA is greater than 0% (0% being totally deflated) for a number of days, for example about 1-8
days. In another embodiment, for about a number of weeks, for example 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 7 weeks or 8 weeks. In yet another embodiment, for a number of months, for
example about 3 months, 4 months, 5 months, 6, months, 7, months, 8 months, 9 months, 10 months
or 11 months. In still another embodiment, an implanted apparatus remains in place with balloon(s) in
a greater than 0% inflation state for a number of years, for example about 1 year or two years or more.
In another embodiment the length of treatment is indefinite, and continues for as long as there is
clinical need.

[00141] Inone embodiment, only a portion of the apparatus remains in place for an extended time,
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for example the apparatus frame. In one embodiment, balloons, guide wites, and or inflation tubes,
may be implanted and/or removed over the extended implantation time of the apparatus frame.
[00142] In one embodiment, an apparatus of the invention used to treat, for example CHF,
comprises a flow restrictor comprising at least one balloon, wherein the balloon comprises a low-
pressure elastomeric balloon, wherein inflation of the low-pressure elastomeric balloon is adjustable
and controls the effective diameter of the MPA during treatment of the CHF patient with left
ventricular failure and preserved right ventricular function.

[00143] In one embodiment, an at least one inflatable balloon is inflated based on a current position
of the interventricular septum of a patient. Determining the position of the interventricular septum
may be through any means known in the art, for example through the use of an echocardiogram.
Often, the interventricular septum of a patient suffering LV failure is distended from its more central
position into the right ventricle (RV).

[00144] In one embodiment, an at least one balloon of this invention is inflated while medical
personnel monitor the position of the interventricular septum. In another embodiment, an at least one
balloon of this invention is inflated using step-wise adjustments, wherein medical personnel monitor
the position of the interventricular septum before and/or after each step-wise adjustment. In one
embodiment, an at least one inflatable balloon is inflated or deflated to a state wherein the
interventricular septum is moved slightly back to midline position, closer to what is
anatomically/physiologically normal. In one embodiment, the inflation state of an at least one
inflatable balloon, may result in the interventricular septum moving towards midline position, closer
to what is anatomically/physiologically normal.

[00145] Typical RV pressure is about 25% of the LV pressure. Pressure may be measured by any
means known in the art. For example, a small pressure sensor could be attached to the apparatus
frame upstream of the medical device, which in certain embodiments may be an at least one balloon
in an inflated or partially inflated state. This upstream sensor would provide the RV pressure. In
another embodiment, at least two small pressure sensors could be attached to the apparatus frame, for
example one upstream and one downstream of the medical device, which in certain embodiments
may be an at least one balloon in an inflated or partially inflated state. The upstream sensor would
provide the RV pressure, while the downstream pressure would provide the PA pressure after the flow
constriction. Together, the differential pressure across the medical device restricting the flow may be
determined. Alternately, pressures at different locations may be measured directly by catherization.
Pressure could also be measured by echocardiogram, Doppler ultrasound, or other methods known in
the art.

[00146] In some embodiments, an at least one balloon of this invention may be inflated/deflated
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until pressure in the RV is between 25% - 99% of LV pressure. In other embodiments, an at least one
balloon of this invention may be inflated/deflated until pressure in the RV is between 50% - 99% of
LV pressure. In yet other embodiments, an at least one balloon of this invention may be
inflated/deflated until pressure in the RV is between 50%-75% of LV pressure. In still other
embodiments, an at least one balloon of this invention may be inflated/deflated until pressure in the
RV is between 60% - 75% of LV pressure.

[00147] Embodiments of this invention may use effective diameter of the MPA as a target for
determining inflation state of a balloon.

[00148] In another embodiment, in accessing the use of an apparatus of this invention,
measurements may be made based on LV cardiac output, wherein a skilled practitioner may attempt
to increase LV cardiac output, potentially in a step-wise fashion, by increasing obstruction in the
MPA (for example: decrease the effective diameter of the MPA by adjusting inflation of an at least
one balloon).

[00149] In all scenarios, since the inflation of an at least one balloon is adjustable, skilled personnel
could proceed inflating an at least one balloon in step-like fashion: for example, (1) an initial size
could be set, followed by (2) a time period of observation of relevant parameters, for instance RV
pressure, positioning of the interventrical septum, or other, and following observation (3) inflation
state of an at least one balloon could be increased or decreased dependent on need. This process may
be continued for the duration of a treatment.

[00150] In one embodiment, an apparatus of the invention used to treat CHF comprises a flow
restrictor comprises more than one balloon, wherein the balloons comprise low-pressure elastomeric
balloons, wherein inflation of the balloons is adjustable and controls the effective diameter of the
MPA during treatment of a congestive heart failure patient with left ventricular failure and preserved
right ventricular function. Methods of this invention may adjustable control the effective diameter of
the MPA for a position of complete openness (0%) change in effective diameter to reduction of the
effective diameter to about 40-70% or 50-70% changes, described above in detail. The skilled
medical professional, in one embodiment may adjust the effective diameter of a flow restrictor, for
example a toroidal balloon, in a step-wise fashion. Once implanted, the balloon could be inflated
such that the effective diameter is reduced by an initial amount, for example 30%. Observation of
heart function could be monitored with additional step-wise adjustments being made by the skilled
medical professional.

[00151] Over time, for example with improvement observed in the patient’s heart function,
including a more physiological positioning of the interventricular septum, it may be determined that

the flow restrictor, for example an at least one balloon, could be deflated step-wise, or completely
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deflated or removed in a single step.

[00152] As used herein, in one embodiment, the term ‘“about”, refers to a deviance of between
0.0001-5% from the indicated number or range of numbers. In one embodiment, the term “about”,
refers to a deviance of between 1 -10% from the indicated number or range of numbers. In one
embodiment, the term “about”, refers to a deviance of up to 25% from the indicated number or range
of numbers.

[00153] As used herein, the term “comprising” is intended to mean that the apparatus includes the
recited elements, but not excluding others which may be optional. By the phrase “consisting
essentially of” it is meant that an apparatus that includes the recited elements but exclude other
clements that may have an essential significant effect on the performance of a method of use, for
example for treating CHF. “Consisting of” shall thus mean excluding more than traces of other
clements from an apparatus of this invention. Embodiments defined by each of these transition terms
are within the scope of this invention.

[00154] Inone embodiment, the term “a” or “one” or “an” refers to at least one. In one embodiment
the phrase “two or more” may be of any denomination, which will suit a particular purpose.

[00155] While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skill in the
art. It is, therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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CLAIMS

‘What is claimed is:

1.

An apparatus comprising:

(a) an anchor frame for placement in a branch pulmonary artery;

(b) a device frame for placement in the main pulmonary artery (MPA); and

(¢) a comecting section;
wherein said anchor frame, said device frame and said connecting section comprise a single
entity, an apparatus frame, wherein said anchor frame comprises one section of the
apparatus frame, said device frame comprises another section of the apparatus frame, and
said connecting section connects the anchor frame and the device frame of the apparatus
frame, and wherein said anchor frame is used to position the device frame within the MPA

when said apparatus is in an expanded position.

The apparatus according to claim 1, wherein the anchor frame is placed in the left

pulmonary artery or the right pulmonary artery.

The apparatus according to claim 2, wherein when said anchor frame is place in the left
pulmonary artery, said anchor frame further comprises a protrusion which extends into the

right pulmonary artery when said apparatus is in an expanded position.

The apparatus according to claim 1, wherein said connecting section comprises a zig-zag
format, a stent-like format, an open-weave format, a lattice format, longitudinally arranged

strands, a crisscross format, or at least one strut, or any combination thereof.

The apparatus according to claim 1, wherein the apparatus is deliverable in a collapsed

configuration by a transcatheter procedure.

The apparatus according to claim 1, wherein said device frame further comprises a medical
device selected from the group comprising a flow restrictor, a valve, a filter, a pacemaker, a

sensor or a drug delivery platform.

The apparatus according to claim 6, wherein said flow restrictor comprises at least one

inflatable balloon.

The apparatus according to claim 7, wherein said at least one inflatable balloon comprises a

toroidal shaped balloon.
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10.

11.

12.

13.

14.

15.

16.

The apparatus according to claim 7, wherein inflation/deflation state of said at least one
balloon is able to be adjusted for an extended time period following implantation of said

apparatus in a subject.

The apparatus according to claim 9, wherein inflation or deflation state allows for

adjustment of the effective diameter reduction within the MPA.

The apparatus according to claim 10, wherein said effective diameter reduction comprises
a range of about 0% to about 100% compared with the MPA without an implanted device,
wherein 0% comprises a fully open state and 100% comprises a fully closed state, wherein

a percent greater than 0% and less than 100% comprises a partially open state.

The apparatus according to claim 6, wherein said medical device is preassembled and

attached to the device frame prior to apparatus implantation.

The apparatus according to claim 1, wherein said apparatus frame is self-expanding or

balloon expandable, or a combination thereof.

The apparatus according to claim 1, for use in a patient having congestive heart failure, or
any cardiac or pulmonary condition that requires blood flow reduction through a

pulmonary artery, or any combination thereof.

The apparatus according to claim 14, wherein said patient has left ventricular failure and

preserved right ventricular function.

A method of treating, reducing the severity of, delaying the onset of or reducing symptoms
associated with any cardiac or pulmonary condition that requires blood flow reduction
through a pulmonary artery in a human,
said method comprising the steps of :
(1) implanting an apparatus using transcatheter delivery such that an anchor frame
resides within a branch pulmonary artery and a device frame resides within the
MPA; and
(2) adjusting a flow restrictor to reduce the effective diameter of the MPA;
wherein implantation of the apparatus treats, reduces the severity of, delays the onset of, or
reduces symptoms associated with any cardiac or pulmonary condition that requires blood

flow reduction through a pulmonary artery in a human.
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17.

18.

19.

20.

21.

22.

23.

24.

The method according to claim 16, wherein said transcatheter delivery is performed with

the apparatus in a collapsed configuration.

The method according to claim 16, wherein said apparatus comprises:

(a) the anchor frame for placement in a branch pulmonary artery;

(b) the device frame for placement in the main pulmonary artery (MPA); and

(¢) a connecting section;

wherein said anchor frame, said device frame and said connecting section comprise a single
entity, an apparatus frame, wherein said anchor frame comprises one section of the
apparatus frame, said device frame comprises another section of apparatus frame, and said
connecting section connects the anchor frame and the device frame of the apparatus frame,
and wherein said anchor frame is used to position the device frame within the MPA when
said apparatus is in an expanded position; and wherein said device frame comprises an

adjustable flow restrictor.

The method according to claim 18, wherein said anchor frame is placed in the left

pulmonary artery or in the right pulmonary artery.

The method according to claim 19, wherein when said anchor frame is place in the left
pulmonary artery said anchor frame further comprises a protrusion which extends into the

right pulmonary artery when said apparatus is in an expanded position.

The method according to claim 18, wherein said connecting section comprises a zig-zag
format, a stent-like format, an open-weave format, a lattice format, longitudinally arranged

strands, a crisscross format, or at least one strut, or any combination thereof.

The method according to claim 18, wherein said adjustable flow restrictor comprises at

least one inflatable balloon.

The method according to claim 22, wherein said at least one inflatable balloon comprises a

toroidal shaped balloon or a circular balloon.

The method according to claim 22, wherein inflation/deflation state of said at least one

balloon is able to be adjusted for an extended time period following implantation of said
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

apparatus in said human.

The method according to claim 22, wherein inflation or deflation state of said at least one

balloon allows for adjustment of the effective diameter reduction within the MPA.

The method according to claim 25, wherein said effective diameter reduction comprises a
range of about 0% to about 100% compared with the MPA without an implanted device,
wherein 0% comprises a fully open state and 100% comprises a fully closed state, wherein

a percent greater than 0% and less than 100% comprises a partially open state.

The method according to claim 22, wherein said method further comprises the step of

adjusting step-wise the inflation state of said at least one balloon.

The method according to claim 22, wherein said at least one balloon is connected to an

inflation tube.

The method according to claim 28, wherein said method further comprises attaching the
proximal end of said inflation tube to a subcutaneously implanted port after implantation of

the apparatus.

The method according to claim 29, wherein said method further comprises injecting or
withdrawing a fluid through said port resulting in inflation and/or deflation of said at least

one balloon.

The method according to claim 30, wherein said fluid is a saline solution.

The method according to claim 18, wherein said adjustable flow restrictor is preassembled

and attached to the device frame prior to apparatus implantation.

The method according to claim 18, wherein said adjustable flow restrictor is detached from

the device frame and withdrawn from the implantation site at the end of a treatment.

The method according to claim 16, wherein said apparatus frame is self-expanding or

balloon expandable, or a combination thereof.
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35.

36.

37.

38.

39.

40.

41.

42.

The method according to claim 16, wherein said method treats, reduces the severity of,
delays the onset of or reduces the symptoms associated with left ventricular failure in said

human, or any combination thereof.

The method according to claim 16, where said method repositions, supports, or repositions
and supports the interventricular septum in a human patient suffering from any cardiac or

pulmonary condition that requires blood flow reduction through a pulmonary artery.

The method according to claim 36, wherein said human has left-ventricle failure.

The method according to claim 16, wherein said human is an infant, a child or an adult.

A method of treating, reducing the severity of, delaying the onset of or reducing symptoms

associated with left ventricle failure in an adult subject, said method comprising pulmonary

artery banding (PAB).

The method according to claim 39, wherein said left ventricle failure is caused by ischemic

damage.

The method according to claim 39, wherein said PAB comprises external PAB.

The method according to claim 39, wherein said PAB comprises intravascular PAB.
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