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(57) Abstract: A cardiac pump and an assist system is provided that increases blood ejection from a compromised heart. An im-
plantable cardiac pump acting as an assist device provided includes an attachment system and locating features that enable a minim-
ally invasive procedure to implant and deploy one or more aortic blood pumps in a patient. The insertable cardiac pump is replace -
able without resort to a conventional open surgical procedure. Monitoring of cardiac pump operation allows for replacement in ad -
vance of chamber failure. The dynamics of blood- contacting interface of the cardiac assist device mimic the dynamics of the blood-
contacting interface of a naturally occurring left ventricle, thereby minimizing flow-related device- associated pathologic disturb -
ances of intravascular clotting mechanisms. A process of operating a cardiac assist device includes cyclically inflating and deflating
one or more inflatable cardiac pumping chambers with timing and parameters as to pressure, deflection, and speed of inflation to in-
crease patient cardiac output.
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CARDIAC ASSIST DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims priority benefit of U.S. Provisional Application Serial
Number 62/195,685 filed 22 July 2015, and U.8. Provisional Application Serial Number

62/324,198 filed 18 April 2016; the contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION
100021 The present invention in general relates to medical devices and systems and in

particular to a minimally invasive cardiac assist device and method of implantation thereof.

BACKGROUND OF THE INVENTION

{6603} Heart disease is one of the leading causes of death. Currently, medical science
cannot reverse the damage done to the cardiac muscle by heart disease, One solution is a heart
transplant; however, the number of cardiac patients in need of a heart transplant far exceeds the
limnited supply of donor hearts available.

100041 The scarcity of human hearts available for transplant, as well as the logistics
necessary to undertake heart transplant surgery, makes a permanently implantable cardiac assist
device 18 a viable option for many heart patients. An aortic blood pump can be permanently
surgically implanted in the wall of the aorta to augment the pumping action of the heart. The
aortic blood pump is one example of a mechanical auxiliary ventricle assist device. When

positioned in the aorta such a device can be referred to as dynamic aortic patch, or permanent
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balloon pump. Historically such a device has been implanted by Adrain Kantrowitz and
coworkers via open thoracotomy technigue so as to permit open aortotomic insertion of the aortic
patch. Alternatively, the aortic blood pump can be inserted endovascularly.

{06005} Typically, the aortic blood pump includes a flexible bladder to be mflated and
deflated in a predetermined synchronous pattern with respect to the diastole and systole of the
patient to elevate aortic blood pressure immediately after aortic valve closure. Inflation and
deflation of the bladder can be accomplished by means of a supply tube connected to the bladder
and can be connected to a percutaneous access device (PAD). The PAD can be permaneuntly
surgically implanted in a patient’s body to provide a through-the-skin coupling for connecting
the supply tube to an extra-corporeal fluid pressure source. Alternatively, the fluid pressure
source can be implanted wholly within the body, energized by electromagnetic means across
infact skin, or energized by or chemical energy found within the body or some other means.
Electrical leads from electrodes can implanted in the myocardium are likewise brought out
through the skin by means of the PAD. The aortic valve status or any cardiovascular parameter
that 1s associated with this status can be employed to control the fluid pressure source to inflate
and deflate the inflatable chamber in a predetermined synchronous relationship with the heart
action.

10006} it is appreciated that fluid flow can be induced through a variety of means of
energizing the shape change of a device component fluidly coupled to the blood column. This s
iHustratively accomplished with piezoelectrics, biochemicals, MEMSs stroctures, hydraulics,

ferroftuidics, electromagnetics, direct mechanical force application, or a combination thereof.
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{6087} The aortic blood pump acts to assist or augment the function of the left ventricle and
is typically restricted to use in patients who have some functioning myocardium. The aortic
blood pump does not need to be operated full time, and in fact, can be operated periodically on a
scheduled on-time, off-tise regimen. Typically, the patient can be at least temporanly
independent of the device for periods of one to four hours or more, since the aortic blood pump
does not require continuous operation.

{0008} U.S. Patent No. 4,051,840 discloses a dynamic aortic patch that is surgically
implanted in the thoracic aorta and is systematically inflated and deflated to generate pressure
waves in the bloodstream. An alternative formmlation of the hemodynamics of the
counterpulsation device phasically alters the aortic compliance so as to lower the afterload on the
left ventricle. The pressure waves assist the heart by augmenting the circulation of the blood
through the body. The patch includes a flexible inflatable bladder and an independent envelope.
The envelope has a reinforced surface for limiting and directing inflation of the bladder inwardly
toward the lumen of the aorta.

{6009] U.S. Patent No. 6,471,633 discloses a dynamic aortic patch with an clongate bladder
having a semi-rigid shell body portion and a relatively thin membrane portion defimng an
inflatable chamber. At least one passage extends through the shell body defining an opening in
the inner surface of the shell body. The flexible membrane can be continuously bonded to the
shell body adjacent the peripheral side edge to define the enclosed inflatable chamber n
communication with the passage. The membrane has a reduced waist portion defining a
membrane tension zone adjacent to the opening of the passage into the chamber to prevent

occluding the entrance while deflating the chamber. An outer layer can be bonded to the outer
3
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side of the semi-rigid wall portion of the aortic blood pump and cut with a freely projecting
peripheral edge portion to provide a suture flange for suturing the aortic blood pump in place
within an incision in the aorta.

{6019} Further details regarding the structure and function of the aortic blood pump and
associated devices and controls can be obtained from U.8. Patent No. 6,511,412 issued January
28, 2003; U.S. Patent No. 6,471,633 issued October 29, 2002; U.S. Patent No. 6,132,363 issued
October 12, 2000; U.S, Patent No. 5,904,666 issued May 18, 1999; U.S. Patent No. 5,833,655
issued November 11, 1998; U.S. Patent No. 5,833,619 issued November 16, 1998; U.S. Patent
No. 5,242,415 issued September 7, 1993; U.S. Patent No. 4,634,422 issued January 6, 1987; and
U.S. Patent No. 4,630,597 issued December 23, 1986 which are incorporated by reference in
their entirety herein.

{6011} While conventional aortic balloon pumps are well known to the art, a stable aortic
blood pump implant is desirable. For example, the constant movement of blood, movement of
the vessel wall and the movement of the pump itself can result in deformation of the pump and
vessel damage at blood/purnp and vessel/pumyp interface area. There is a continuing need for a
cardiac pump including a structure adapted to maintain implant stability that is implanted with

minimally invasive surgical incisions with accurate location placement.

SUMMARY OF THE INVENTION
{6012} A cardiac assist device includes an expandable primary pumping element in
operational communication with a securement positioned within a stent, where the stent is

configured for placement within a vessel of a patient. There is at least one locating feature on the
4
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securement allowing a conduit external to the vessel to be accurately located and then joined the
securement through a wall of the vessel. The secondary pumping element is insertable into the
primary pumping clement.

{6013} A cardiac assist device includes at least two primary pumping elements, each of the
at least two primary pumping elements are in operational communication with a securement
positioned within a stent, where each stent is configured for placement within a vessel of a
patient. A first condmt 1s external to the vessel, where the first condut is joined to a first
securement through a wall of the vessel. A second conduit is external to the vessel, where the
second conduit is joined to a second securement through a wall of the vessel. There is at least
one locating first feature on the first securement, and at least one locating second feature on the
first securernent. A first secondary pumping element is insertable mto a first of the at least two
expandable primary pumping elements, and a second secondary pumping element is insertable
into a second of the at least two expandable primary pumping elements. Such a configuration is
well suited for 3 base cardiac device that is added in multiples based on the desired pumping
capacity for a range of individuals or those patients with extraordinary pumping capacity
requirement that cannot be accomplished by a single vessel trait,

{6014} A process of implanting a cardiac device includes creating an end-to-side
anastomosis in a wall of a vessel, joining a primary pumping element in operational
communication with a securement within the vessel to a conduit external to the vessel, the
conduit joined to the securement through the end-to-side anastomosis in the wall of the vessel,
and inserting a secondary pumping element into the primary pumping element through the

conduit.
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{6015] A process of operating a cardiac assist device implanted in a patient includes
cyclically inflating and deflating a first inflatable cardiac primary pumping element with timing
and parameters for increasing cardiac ouiput of the patient, while also monttoring von
Willebrand factor protein for a conformational change 1 patient blood associated with excess
blood shearing or other measure of shear stress imposed by the myocardial wall on the cellular
circulating elements of the blood or macromolecules, and adjusting the device operation

parameters to inhibit the absolute number of the protein with the conformational change.

BRIEF DESCRIPTION OF THE DRAWINGS

10016} The subject matter that is regarded as the invention is particularly pointed out and
distinctly claimed in the claims at the conclusion of the specification. The foregoing and other
objects, features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which like reference
numerals refer to like parts throughout the several views, and wherein:

100617} FiGs. 1A-IN are a series of partial cutaway perspective views showing the
implantation and deployment of a cardiac assist device in accordance with embodiments of the
mvention;

{6018} FiGs. 2A-21 are a series of simplified cross-sectional views further describing the
implantation and deployment of a cardiac assist device of FiGs 1A-1N in accordance with

embodiments of the invention;
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{6019} FIGs. 3A- 31 are a series of cross-sectional views of a needle and plunger to assist in
the implantation and deployment of a cardiac assist device in accordance with embodiments of
the invention;

{60201 FiGs. 4A-4C are a series of perspective cross-sectional views of a needle and
phunger to assist in the tmplantation and deployment of a cardiac assist device in accordance with
embodiments of the invention;

{6021} FIG. 5A is a cross-sectional side view of a percutancous access device implanted in a
patient for providing a power or actuating connection to a cardiac assist device according to an
embodiment of the invention;

{0022} FIGG. 5B illustrates the use of an implanted transcutaneous energy transfer module
{TET) for providing power or actuating connection to a cardiac assist device according o an
embodiment of the mvention;

100231 Fi(5. 5C illustrates a cross-sectional side view of a single percutaneous access portal
implanted in a patient for providing a power or actuating connection to two cardiac pumps
according to an embodiment of the nvention;

{0024} FIG. 5D illustrates an external power source or purnp connecied via a percutaneous
access device to a cardiac assist device according to an embodiment of the invention;

10025} FiG. 5E illustrates an external power source or pump connected via a percutancous
access device to multiple cardiac assist devices as is shown in FIG. 5C according to an
embodiment of the mvention;

10026} Fi(5. 5F illustrates multiple ventricular assist devices in 3 patient aorta in accordance

with embodiments of the invention;

-~
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{6027} FiGs. 5G and SH ithustrate alternative positioning of the percutaneous access device
and ventricle access points to the cardiac assist device in the aorta;

{0028} F1Gs. 6A-6F are a series of cross-sectional side views showing the implementation
and actuation of a ventricular assist device in accordance with embodiments of the invention;
100291 Figs. 7A-7D are a serigs of partial cutaway perspective views showing the
implantation and deployment of a cardiac assist device in accordance with embodiments of the
invention;

{0030 Fi(s. 8A and 8B are cross-sectional views of an gortic assist device as a flexible
encasement with a balloon nside in a deflated and inflated state, respectively, in accordance with
embodiments of the invention;

{0031} FlIGs. 9A-9D are a series of perspective and cross-sectional views of an gortic assist
device integrated with a stent for delivery into an artery in accordance with embodiments of the
invention;

{0032} FlGs. 10A-10L are a series of perspective and cross-sectional views showing the
mmplementation and actuation of the aortic assist device shown n FIGs. 9A-9D m accordance
with embodiments of the invention; and

{6033} FiGs. 11A-11P are a series of cross-sectional side views showing the implementation

and actuation of a ventricular assist device in accordance with embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
100341 A cardiac pump and an assist system according to the present invention have utility

to increase blood cjection from a compromised heart. An implantable cardiac pump acting as an
8
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assist device provided by the present invention includes an attachment system and locating
features that enable a minimally invasive procedure to implant and deploy one or more aortic
blood pumps in a patient. Embodiments of the insertable cardiac pump are replaceable without
resort to a conventional open surgical procedure. Still other embodiments of the present
invention altow for monitoring of cardiac pump operation to allow for replacement tn advance of
chamber failure. Additionally, as the dynamics (velocity and acceleration} of the blood-
contacting surface of cxasting rotary continuous flow cardiac assist devices may be associated
with flow-related pathologic disturbances in infravascular clotting mechanisms (such as
conformational changes in von Willebrands factor or other measure of shear stress imposed by
the myocardial wall on the cellular circulating elements of the blood or macromolecules), the
dynarmics of blood-contacting interface of the inventive cardiac assist device mimic the dynamics
of the blood-contacting interface of the paturally occurring left ventricle, thereby minimizing
flow-related device-associated pathologic disturbances of intravascular clotting mechantsms. A
process of operating a cardiac assist device includes cyclically inflating and deflating one or
more inflatable cardiac pumping chambers with timing and parameters as to pressure, deflection,
and speed of imflation to increasing cardiac ouiput of the patient. By monitoring the von
Willebrand factor protein for conformational changes in patient blood associated with excess
blood shearing, the one or more parameters needed to inhibit the absolute number of the protein
with the conformational change are adjusted as to the operation of a cardiac implant device,
including those described herein. Such parameters represent a tool in both the structural and

operational aspects of a cardiac assist device.
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{6035] An embodiment of a system 10 for the attachment and deployment of a cardiac pump
is described in FIGs. 1A-1N as a series of partial cutaway perspective views inn conjunction with
the cross-sectional views of FIGs. 2A-21 that further describe the mmplantation and deployment
of a cardiac assist device inclusive of the pump depicted with respect to FIGs 1A-IN, In FIG,
1A an endo-aortic securement 12 (hereinafter referred to as securement 12) connected to a non-
distensible collapsed sub-neo-intimal primary pumping element 20 (hereinafter referred to as
primary pumping element 20 or synonymously as a luminal confinernent or a pocket) are shown
implanted in a patient vessel V, ilustratively ncluding the aorta. Implantation of the endo-aortic
securement 12 and luminal confinement 20 occurs through a vascular catheter illustratively
inserted in the leg or groin area of the patient. Alternatively, the implantation is by the subclavian
artery, axial artery, directly through the wall of the aorta, or another vessel. The securement 12
has locating features 14 and a stabilization/alignment farget 16 that 15 attached to the securement
12 in some inventive embodiments, via a detachable feature 18; such feature being a ring,
perforable septum, or movable iris. The stabilization/alignment target 16 covers an introductory
gutde channel 22 for passage into luminal confinement 20,

{6036} An often overlooked aspect of cardiac assist devices is the reliable implantation of
the same. To this end, an endo-aortic securement 12, a sub-neo-intimal primary pumping element
20, or a combination thercof are retained in a position within the aorta through resort to an
expandable mesh stent S in dilation against the endoluminal wall of the aorta (not shown for
visual clanty until FIG. 1M). As a result, the device 1s positionally stable prior to trans-aortic
puncture and during cardiac pumping cycles. It is appreciated that the stent is readily treated with

a primary coating to promote long-term stent stability and therefore the device 10 anchored
10
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thereto. Such coating substances illustratively include heparin, antibiotics, radiopaque agents,
anti-thrombogenic agents, anti-proliferative agents, anti-angiogenic agents; each alone, or in
combination. It is further appreciated that a secondary coating overlying the first coating 1s
provided to promote sustained release of the underlying coating substance. Such secondary
coatings ihustratively include polylactic acid, polyglycolic acid, polyethylene oxide,
polycaprolactone, polydioxanones, combinations thereof, and co-polymers thereof.

{6037} In certain mventive embodiments, the secondary fuminal confinement 20 15 formed
from a material that induces imnmunocompatible granulation tissue overgrowth thereon or in-
growth therein to effectively render the huminal confinement 20 son-provocative from
thrombotic events against the adluminal surface of the huminal confinement 20. Coatings
operative herein dhustratively include poly-L-lysine (PLL), polylmethyl coguanidine- cellulose
sulphate (PMCG)-CS/PLEL~sodium alginate {SA), polyethylenimine,
poly(dimethyldiallylammoniim  chloride), chitosan, polyacrylacid, carboxymethylcellulose,
cellulose sulfate, pectin, and combinations thereof to form multilayers. If is appreciated that such
coatings are readily impregnated with compounds that reduce the immune cascade, these
itlastratively mclude heparin and factor H.

{6638} FIG. 1B illustrates the introduction of an exo-aortic securement device illustratively
including a stapler, which as shown has a circular shape for providing staples 34 (see FIG. 1E} in
a circular perimeter, to attach the flange portion of a condut 24 through the wall W of the vessel
V to the securement 12. It 1s noted that other perimeter shapes illustratively including oval,
square, rectangular may be used to secure the flange of the conduit 24 to the securement 12, Itis

appreciated that other fasteners deployed from a securement device 30 to join the expandable
i1
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luminal confinement in mechanical communication with a securement within the vessel to a
conduit external to the vessel also include tissue adhesives, screws, thread-hike sutures, or other
mechanical fasteners conventional o surgery. As shown, the exo-aortic securement device 30
{(hereinafter referred to as securement device 30) fits around the conduit 24, Upon docking to the
securement device 30 to the securement 12, a hemostatic seal is formed in some embodiments.
The securement device 30 has complimentary location features 32 to the locating features 14 on
securement 12, The conduit 24 has an aperture 26 contigured for insertion of an alignment probe
28 that aligns with the stabilization target 16 as shown 1o FIG. 1C and FIG. 2B, and once aligned
the alignment probe 28 penetrates the wall W of the vessel V and stabilizes the
stabilization/alignment target 16 as shown in FIG. 1D and FI1G. 2C.

{0039} In a specific mventive embodiment the locating features 14 as shown in FIG, 1B are
a set of transponders, which may be passive or active, that react to the transmitted seeker signals
from the complimentary location features 32 located on the securement device 30 in a sumilar
manner {o radio frequency identification RFID based technology. In FIG. 2A the complimentary
location features 32 located on the securement device 30 are configured as a transponder/seeker
that send signals to the locating features 14 configured as a receiver on the securement 12,
Additionally, other locating methods illustratively including light emitting diodes (LED),
ultrasound, magnets arrayed as complimentary location features 32, and fluormetry may be used
for locating features or fiducial markings for aligning the conduit 24 with the securement 12 to
provide an access path into the vessel V.

100401 Oncee the alignment probe 28 is attached to and stabilizes the stabilization/alignment

target 16, an exo-endo aortic securement is established using a series of fasteners illustratively
12
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shown as staples 34, where the staples 34 are dispensed from the stapler 30, and the staples 34
pierce through an optional buttress (not depicted), then through the flange portion of the conduit
24 and through the wall W and into the securemaent 12 that has been implanted in the vessel V,
iHustratively shown as an aorta 1o FIG, 1E and FIG. 2D. In FIG. IF and FIG. 2E a coaxial aortic
punch 36 is advanced through the aperture 26 of the conduit 24 to create end-to-side anastomosis
of the wall W of the vessel V, and the stabilization/alignment target 16 is detached by breaking
the detachable ring 18 that holds the stabilization/alignment target 16 to the securement 12 in
FIG. 1G and FIG. 2F. In a specific embodiment a Doppler flow meter or similar flow detection
sensor may be associated with the coaxial aortic punch 36, or optionally any of the system
components proximate to the anticipated aortic punch site, to check for fluid leaks at the
interface of the flange 24, securement 12, and the stent 5. It is appreciated that optical coherence
tomography (OCT) performs micrometer-scale or catheter based imaging ultrasound probe,
cross-sectional and three-dimensional imaging by measuring the echo time delay of
backscattered light in order {o prechide an aortic puncture in the vicinity of an aortic wall defect.
Optionally the aortic puncture function can be accomplished with a laser source, ultrasonic,
water jet, or other conventional technigues to form a geometrically controlled opening in the
aortic wall at a defined location. Detachment of the detachable ring 18 may be accomplished by
a remote mechanism that iHustratively includes electrical detachment or photolabile adhesive. In
FIG. 1H and FIG. 2@, the stabilization/alignment target 16 and remmnant of the wall W s
removed along with the coaxial vascular punch 36 to provide a clear passage between the
conduit 24 and the introductory guide channel 22 of the securement 12 that leads into the

primary pumping clement 20 as shown in FIG. 11 and FIG. 2H. In FIG. 1} a cardiac pumping
i3
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chamber 38 i a deflated state, optionally delivered in a removable protective cover sheet (not
shown), is introduced via the conduit 24 and through the introductory guide channel 22 of the
securement 12 and into the luminal confinement 20. In FIG. 1K the cardiac pumping chamber
38 in the deflated state 1s fully inserted in the privnary pomping element 20 with the insertion hine
40 13 now visible. In a specific embodiment, the cardiac pumping chamber 38 and insertion line
40 are introduced into a patient via an embedded percutaneous access device (PAD) 70 as shown
in FIG. 5A. In FIG. 1L and FIG. 21 the cardiac pumping chamber 38 1s mnflated so as to expand
the luminal confinement 20, FIGs. 1M-1 and 1M-2 are a side cutaway view of the vessel V with
a stent S in the region of the securement 12 and the luminal confinement 20, where the pumping
chamber 38 is deflated.

{0041} FlGs. IN-1 and IN-2 are a side cutaway view of the vessel V with a stent S in the
region of the securement 12 and the luminal confinement 20, where the pumping chamber 38 is
inflated so as to expand the luminal confinement 20 and move a volume of blood in the vessel V.
The inflation cycle of the pumping chamber acts as a cardiac assist device to increase blood
gjection from a compromised heart of a patient in need thercof. While the cxpansion of the
pumping chamber 38 1s depicted as occluding the aorta, it should be appreciated that this 1s an
exaggeration for wvisual clarity and that such occlusion s implicated in an impair
counterpulsation effect, as well as in conformational changes in von Willebrand factor
commonly associated with clot formation in downstream vasculature.

{6042} An embodiment of a system 50 for the attachment and deployment of a cardiac blood
pump, or permanent blood pump is described in FiGs. 3A-31 as cross-sectional views and in

F1Gs. 4A-4C as perspective cross-sectional views of a needle 54 and plunger 64 to assist in the
14
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implantation and deployment of a cardiac assist device in accordance with embodiments of the
invention. As shown in FIG. 3A-1 and in greater detail in FIG. 3A-2 and FIG. 4A, an anvil 52
and needle guide 62 connected to a non-distensible collapsed sub- neo-intimal primary pumping
element 20 (heremafter referred to as pocket 20) are shown aplanted along with a stenf Sin a
patient vessel V illustratively including the aorta. Implantation of the endo-aortic securement
anvil 52 and secondary luminal confinement 20 is via conventional methods that illustratively
include the use of a vascular catheter. The phlunger end 64 of needle 54 is comnected to a
detachable cable 56, where the cable 56 pulls on the plunger 64 and draws the needle 54 jward
into the needle guide 62 where the needle guide 62 directs the needle 54 upward and cutward
toward the wall W of the vessel V so as to puncture the wall W as shown in FIG. 3B and FIG.
4A. In FIG. 3C a centering probe/telescope 58 is introduced info the patient and is firmly
attached to the needle 34. In a specific embodiment the centering probe/telescope S8 18
introduced into a patient via a percutangous access device (PAD) 70 as shown m FIG. 5A.
Subsequently, a flanged extra aortic conduit 24 is centered about the centering probe/telescope
58, with fine location placement determined via optional locating features 14 on the anvil 52 and
complimentary locating features 32 on the stapler 30 that fits over the condwit 24, In an
alternate embodiment, a fluid source for cardiac pump inflation is either a gas or a liquid that are
driven periodically into the chamber 38 {o create blood movement through a fluid drive system
that 1s wholly implanted and powered by internal batteries or via an external wireless charging
device

100431 In a specific inventive embodiment the locating features 14 as shown above in FIG.

1B may be a set of transponders, which may be passive or active, that react to the transmitted
15
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seeker signals from the complimentary location features 32 located on the securement device 30
in a similar manner to radio frequency identification RFID based technology. In a specific
embodiment the comphimentary location features 32 located on the securement device 30 are
configured as a transponder/secker that send signals to the locating features 14 configured as a
receiver on the anvil 52. Additionally, other locating methods illustratively inchuding light
emitting diodes (LED), and fluormetry may be used for locating features or fiducial markings for
aligning the conduit 24 with the anvil 52 to provide an access path into the vessel V. It is
appreciated that in some embodiments, an anvil surface has a diraple to detlect a shightly
misaligned probe 28 into contact the pole of a dimple.

10044} In FIG. 3D the stapler 30 is placed about the condwuit 24. In the embodiment shown
the stapler 30, which as shown has a circular shape for providing staples 34 i a circular
perimeter, to attach the flange portion of a conduit 24 through the wall W of the vessel V to the
anvil 532. It is noted that other perimeter shapes illustratively including oval, square, rectangular
may be used to secure the flange of the conduit 24 to the anvil 52. In FIG. 3E two or more
staples 34 are deployed from the stapler 30. In a specific embodiment six staples 34 are deployed
around the perimeter of the flange of the conduit 24 and anvil 52. As shown in FIG. 3E counter
pressure on the anvil 52 is maintained by pulling up on the centering probe/telescope 58 in an
embodiment as the staples 34 are bent upward and back by the anvil 52, In FIG 3F a vascular
wall punch 36 is infroduced in the conduit 24 and cuts into and through the wall W. In FIG. 3G
and FIG. 4B an electrically detachable ring 66 1s exercised to free the needle guwde 62. In FIG,
3H the cable 56 is electrically detached from the phunger 64. In FIG. 31 the punched section of

the wall W is removed along with the now separated needle guide 62 through the conduit 24 to
16
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create a clear channel to the primary pumping element 20. FIG. 4C illustrates the introduction of
an operational line 68 through the conduit 24 and mto the vessel V.

{0045} FIG. SA 1s a cross-sectional side view of a percutancous access device (PAD) 70
mplanted in a patient for providing a power or actuating connection 72 via conduit 24 to a
ventricular assist device according to an embodiment of the invention. In a specific embodiment
the PAD 70 through the skin surface layers (SL) illustratively including the epidermis, dermis,
and subcutaneous tissue provides for a semi-permanent connection to an out-of-body power
source or purap 78 as shown in FIG. 5D, As 1s described in greater detail in the prior patents
incorporated herein by reference in their entirety, a tube or line 76 can be led from the implanted
cardiac pump chamber {o a percutaneous access device implanted and projecting through a
patient’s skin or have wholly implanted fluid drive system and sensor package. Regardless of
the nature of the fhud drive system, in some embodiments the fluid ncludes a marker that when
permeating the chamber 38 is indicative of the membrane defining the chamber 38. A marker for
a gaseous fluid illustrative includes a diatomic gas that is enriched in either the ortho or para
isomers. In a specific embodiment, the diatomic gas is hydrogen that is detected in MRI devices.
T still other ernbodiments, the diatomic gas 1s 1sotopically enriched. Tn instance when the fluid 18
a hiquid, conventional detectable markers are used for detection by technigues illustratively
including MRI, ultrasound, and X-ray spectroscopies. It is appreciated that a sensor to detect
cardiac pump chamber inflation pressures and/or other operation parameters 18 readily provided
in communication with the fluidics.

10046} The percutaneous access device allows the tube and leads as needed for sensors or

other operational aspects, to be operatively connected to or disconnected from an external fluid
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drive system and controller. In operation, the secondary pumping element 38 or multiple such
chambers are each independently cyclically inflated and deflated with a pressurized fluid with a
synchronicity relative to the patient heart. Preferably, the synchronous cyclical inflation and
deflation can be based on a set of programmable patient parameters relating to heart function.
The fluid driver 78 may supply an inflation fhuid as either a gas or a liquid to expand the cardiac
pumping chamber 38 within the primary pumping element 20 of the ventricular assist device. It
is appreciated that gases other than air arc operative with the present invention fo induce pump
inflation. These gases illustratively inchude helium, nitrogen, argon, and mixtures thereof.
While these gases have lower viscosities than air, such gases necessitate tethering the recipient of
an imventive blood pump implant to a compressed gas tank thereby reducing the mobility of the
recipient, In a specific embodiment a tracer may optionally be added to the fluid to detect a
compromised membrane of the expandable primary pumping element 20. Other fluids such as
saline or other hydraulic fluids can serve to actuate the pumping chamber; optionally, a tracer
substance such as indocyanine green or fluorescein can be included in the hydraulic liquid for
detection of leaks from the pumping chamber.

{0047} Optionally, feedback sensors are provided for the operation of an inventive blood
pump. Such sensors illustratively include a pressure transducer, an accelerometer, a strain
gauge, an electrode, and species specific sensors such as pH, oxygen, creatine, nitric oxide or
MEMS versions thereof. The output of such a sensor being transnutted as an electrical or optical
signal to monitoring and regulatory equipment exierior to the body of the recipient.

10048} Embodiments of the inventive cardiac pump alone or a plurality of such pumps in the

aggregate displaces from about 20 to 70 cubic centimeters of blood upon inflation; each alone or
18
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collectively when several chambers are implanted and operating collectively. In a particular
inventive embodiment, 50 to 70 cubic centimeters of blood are displaced per heartbeat by the
present invention so as to allow an individual having an imventive pump mmplanted an active
lifestyle. In still other embodiments, 60 to 65 cubic centimeters of blood per patient heartbeat by
the present invention. The long axis of the primary pumping element and the pumping chamber
are aligned along the long axis of the aorta. Alternatively, the pumping chamber is symumetric in
at least two orthogonal axes, or the pumping chamber long axis extends helically or in some
other non-linear form n a local segment of the aorta,

{6049} FIG. 5B illustrates the use of an implanted transcutaneous energy transfer module
(TET) for providing one or more power or actuating conmections {72, 72’} via conduits 24 that
are connected to one or more cardiac assist devices according to an embodiment of the invention.
In a specific embodiment two or more ventricular assist devices may be placed in an aorta of &
patient.

{0050} FI1G. 5C illustrates multiple power or actuating connections 72 emanating from a
single PAD 70 that 1s connected to an external power supply / pump 78 via external line 76.
{00581} FIG. 5E iltustrates an external power source or pump 78 conmnected via a single
percutaneous access device 70 to multiple cardiac assist devices 20 as is shown cross section in
FiG. 5C.

{0052} FIG. SF illustrates multiple cardiac assist devices 20 along the aorta of a patient. It s
appreciated that multiple cardiac pump chambers are synchronized together to blood flow in the

aorta, with each of the multiple devices 20 have an independent fluid source and drive system,

i9



WO 2017/015534 PCT/US2016/043482

else two or more cardiac pump chambers are manifolded to share a single fluid source and/or
drive system.

{0053} FlGs. 5G and 5H illustrate alternative positioning of the percutancous access device
20 on the subjects’ body and ventricle access points to the cardiac assist device in the aorta,
18054} Fi(3s. 6A-6F are a series of cross-sectional side views showing the implementation
and actuation of a cardiac assist device in accordance with embodiments of the mvention. In
FIG. 6A an nitial stent S and primary pumping clement 20 with a securement 12 are placed in
the vessel V of the patient. Optical coherence fomography {OCT) 18 a recently developed
technology that uses infrared hght to generate micrometer-scale cross-sectional images
{Science 1991,254:1178-1181), OCT is optionally used in the present mvention o assgss the
microstructure of the aortic wall 1o the mtended region of device placement o aveid fixtuning of
a device proximnal to an aortic wall defect. Typically, OCT resolutions of 4 to 16 pm are adequate
5 assess aortic wall integrity, OCT 18 readily performed using 3 conventional intravascular OCT
endoscope. It is appreciated that OCT with a micromotor catheter affords high frame per second
imaging, while MEMS-tunable vertical cavity surface emitting laser (VCSEL) OCT has still
other advantages n terms of muniaturization and imaging quality (T-H Tsat et al, “Ultrahigh
speed endoscopic optical coherence tomography using micromotor imaging catheter and VUSEL
technology” Biomed Opt Express. 2013 Jul 1; 4(7): 1119-1132.). OCT 1s also readily combined
with fluorescent contrast for intravascular atherosclerotic imaging or embolism tmaging.

{6655] In FIG. 6B a conduit 24 1s secured to the securement 12 and the wall W of the vessel
V. In FIG. 6C a clear channel 1s created between the condwit and the primary pumping element

20. In FIG. 6D the pumping chamber 38 is introduced into the expandable primary pumping
20
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element 20. FIG. 6F illustrates the state of the vessel V when the pumping chamber 38 is
deflated, and FIG. 6F shows the state of the vessel with volume displacement with the pumping
chamber 38 inflated in the primary pumping element 20,

{6056} In somse inventive embodiments a vacuum source 18 apphied to the purping chamber
38 or the interstitial space between the primary pumping element 20 and the pumping chamber
38. Periodic vacuum application is readily applied for an extended period of time with limited or
no inflation or as part of a pump nflation cycle. Vacuum application is used for various
functions iltastratively inchoding microleak detection in the primary pumping element 20 or the
pumping chamber 38, as well as promoting evaporation of condensate.

{6057} FiGs. 7A-7D illustrate an endovascular procedure where the components for an
aortic assist device may be delivered in two sfages with the elimination of the stage that
miroduces the secondary lursinal confinerent (expandable pumary pumping element) 20. It s
appreciated that the elimination of the secondary tuminal confinement leads to a less invasive
procedure for both the initial implantation, and for the potential future replacement of the aortic
assist device. It 1s also appreciated that a stent may also be introduced at the insertion site of
aortic assist device 80, but is left out for clanty in the drawings.

{60581 In the first stage, the securement 12 is delivered into the vessel (V), for example by
a groin catheter The second stage introduces the aortic assist device 80 with a flexible
encasement 82 and a balloon 84 inside, and may enter the vessel via the extra aortic conduit 24
after the flange of the conduit 24 is mounted to the securement 12 to deliver the aortic assist
device 80 through the conduit 24. FIG. 7A illustrate the joining of the securement 12 to the

flange of the conduit 24 via methods as described in the embodiments above to form an access
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channel that includes aperture 26 and mnitroductory guide channel 22, In FIG. 7B, the delivery of
the primary pumping element, synonymously referred to with respect to FIGs. 7B-8B as a
flexible encasement 82 occurs exovascularly through the access channel. In FIG. 7C, the
encasernent 82 in a deflated state 1s fully inserted in the vessel with the mnsertion line 40 that is
now visible. In a specific embodiment, the flexible encasement 82 and insertion line 40 are
introduced into a patient via an embedded percutancous access device (PAD) 70 as shown in
FIG. 5A. FIG. 7D illustrates the mflation of the encasement 82 via inflation of the balloon 84.
{0059} Fi(ss. 8A and 8B are cross-sectional views of the aortic assist device 80 with a
flexible encasement &2 and the balloon 84 inside (shown in dotted lines). The flexible
encasement 82 protects the balloon from the blood flow in the vessel, and guards against a
potential failure of the balloon 84, In FIG. 8A the balloon 84 15 in a deflated state, and in FIG. 8B
the balloon 84 1s inflated.

100601 It is appreciated that the flexible encasement 82 may be readily treated with a
primary coating. Such coating substances tllustratively include heparin, antibiotics, radiopaque
agents, anti-thrombogenic agents, anti-prohiferative agents, anti-angiogenic agents; each alone, or
in combination. It is further appreciated that a secondary coating overlying the first coating is
provided to promote sustained release of the underlying coating substance. Such secondary
coatings ilhustratively include polylactic acid, polyglycolic acid, polyethylene oxide,
polycaprolactone, polydioxanones, combinations thereof, and co-polymers thereof.

{6061} In certain mventive embodiments, the flexible encasement 82 may be formed from a
material that induces immunocompatible granulation tissue overgrowth thereon or in-growth

therein to effectively render the secondary luminal confinement 20 non-provocative from
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thrombotic events against the adluminal surface of the flexible encasement 82. Coatings
operative herein lhustratively include poly-L-lysine {(PLL), polyhmethyl coguanidine- cellulose
sulphate (PMCG)-CS/PLL-sodium alginate {(SA), polyethylenimine,
poly{dimethyldiallylammontum  chloride), chitosan, polyacrylacid, carboxymethylcellulose,
cellulose sulfate, pectin, and combinations thereof to form multilayers. It is appreciated that such
coatings are readily impregnated with compounds that reduce the tmmune cascade, these
iHustratively inchude heparin and factor H.

{0062} FIGs, BA-9D are a series of perspective and cross-sectional views of an aortic assist
device 100 wntegrated with a stent S for delivery into an artery in accordance with an
embodiment of the invention. The aortic assist device 100 has an elongated shell 102 integrated
with the stent S. The shell 102 has a concave shape that is transverse to the length dimension of
the shell 102, where the concave shape 1s modeled after the cross-sectional shape of the artery in
which the aortic assist device 100 will operate. A portal 104 on the surface of the shell 102
serves as an attachment point for the exo-aortic conduit 124 that is shown in FIGs. 10A -10L.
Seal 108 1s removed to gain access to the expandable chamber 110 as shown in greater detail in
FIG. 10F. Seal 108 aligns with the channel 125 of the conduit 124, Holes 106 on the surface of
the portal 104 serve as entry points for fasteners 126. Once the aortic assist device 100 1s
delivered into the vessel {V), for example by a groin catheter, and is positioned in the aorta, the
exo-aortic conduit 124 1s attached to the portal 104 and external connections to a pump 78 are
established as described above with respect to FIGs, 5A-5H.

100631 Fi3s. 10A-10L are a serigs of perspective and cross-sectional views showing the

implementation and actuation of the aortic assist device 100 shown in FIGs. 9A-8D. FiGs. 10D-
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10H show the expandable chamber 110 in a deflated state. FIGs. 10I-10L show the expandable
chamber in an expanded inflated state.

{0064} F1Gs. 11A-11P are a series of cross-sectional side views showing the implementation
and actuation of a ventricular assist device i accordance with embodiments of the mvention, In
Fi(G. 11A a first stent 81 13 introduced and positioned in the artery V. Integrated to the stent is an
attachment disk 204 with a removable seal 208. In FIG. 11B the seal 208 is aligned with the
channel 225 of the conduit 224, The conduit 224 may be joined to the attachment disk 204 as
described previously with respect to FIG. 1 and FIG. 2. In FIG. 11C a coaxial aortic punch 230
with a guide wire 232 are advanced via the channel 225 and through the wall W of the artery V
and seal 208. As shown in FIG. 11D once the coaxial aortic punch 230 is centered in the artery V
a guide wire 232 1s advanced into the artery V. In FIGs, 11E and 11F an introducing sheath 234
with a detachable conical tip 236 is advanced into the artery V along the guide wire 232, In FIGs,
11G. and 11H the introducing sheath 234 is retracted to expose and deploy an expanding second
stent S2 and an expandable chamber 238. The expandable chamber has a thicker upper surface
240 that does not expand (streich) or apply pressure on the wall W of the artery V. The interior
facing lower surface 250 of the expandable chamber 238 is thinuer and does expand (stretch). In
FIG. 111 as the mtroducing sheath 234 exits the artery V the proximal end of the thicker upper
surface 240 engages a grove 248 in the attachment disk 204 with a tongue 254 (see FIG. 11L for
an expanded view). In FIG. 11J and 11K as the detachable conical tip 236 1s retracted with the
introducing sheath 234 back through the channel 225 of the conduit 224 a liner portion 252 of
the expandable chamber 238 expands against the walls of the channel 225, In FIG. 11k with the

removal of the guide wire 232 a lower sealing arm 246 1s allowed to articulate upward and
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tongue 254 on the lower sealing arm 246 engages the grove 248 in the attachment disk 204 to
complete a sealed connection between the expandable chamber 238 and the attachment disk 204,
In F1G. 11M the tip on the inflatable balloon 254 begins to become visible as the balloon 254 18
introduced mto the hined channel 225, In FIG. 1IN as the balloon 254 advances into the
expandable chamber 238, the insertion line 256 attached to the balloon 254 becomes visible in
the lined channel 225. In FIG. 110 the deflated balloon 254 is fully inserted and seated in the
expandable chamber 238, In FIG. 11P the expandable chamber 238 1s in an expanded state with
inflation of the balloon 254.

{6065} Patent documents and publications mentioned in the specification are indicative of
the levels of those skilled in the art to which the invention pertains. These documents and
publications are incorporated herein by reference to the same extent as if each individual
document or publication was specifically and individually incorporated herein by reference.
10066} The foregoing description 1s illustrative of particular embodiments of the mvention,
but 1s not meant to be a limitation upon the practice thereof. The following claims, including all

equivalents thereof, are intended to define the scope of the invention.
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CLAIMS
f. A cardiac assist device comprising:

a primary pumping element in mechanical communication with a securement positioned
within a stent, where the stent 1s configured for placement within a vessel of a patient;

a conduit external to the vessel, said conduit joined to said securement through a wall of
the vessel;

at least one locating feature on said securement; and

a secondary pumping cleraent insertable into said primary pumping clement.

2. The cardiac assist device of claim 1 wherein said primary pumping element is expandable

and non-distensible,

3. The cardiac assist device of claim 1 further comprising a securement device fitting
around said conduit, said securernent device having coraplimentary location features to the at

least one locating feature on said securement.

4. The cardiac assist device of claim 1 wherein said conduit has an aperture configured for

insertion of an alignment probe therethrough.

5. The cardiac assist device of claim 1 wherein the at least one locating feature is a
transponder, a radiofrequency identification (RFID) tag, a light emutting dicide (LED), an

wltrasonic probe, a fidacial marker, or a combination thereof.
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6. The cardiac assist device of any one of claims 1 to 5 further comprising a sensor to detect

an mflation pressure in said inflatable cardiac pumping chamber,

7. The cardiac assist device of any one of claims 1 to 5 wherein the vessel is an aorta.

8. The cardiac assist device of any of claims 1 to 5 wherein said securement has an aperture

adapted to recetve said primary pumping element via an exovascular catheter,

9. The cardiac assist device of claim 1 further comprising a stabilization/alignment target

attached to said securement a detachable ring,

18, The cardiac assist device of claim 9 wherein said stabilization/alignment target covers an

introductory guide channel for passage into said expandable primary pumping clement.

11, The cardiac assist device of claims 1 wherein said conduit further comprises a flange
portion.
12. The cardiac assist device of claim 11 further comprising fasteners joiming the flange

portion to said securement.
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13.  The cardiac assist device of claim 1 further comprising a fhud supply in flud

communication with an interior of said inflatable cardiac pumping chamber.

14.  The cardiac assist device of claimn 13 further comprising a pump modifying a pressure of
flmid in said secondary pumping element with a periodicity to aid in blood movement through the

vessel.

15, The cardiac assist device of claim 13 further comprising a transcutaneous energy transfer
module modifying a pressure of fhud in said secondary pumping element with a peripdicity to

aid in blood movement through the vessel.

16.  The cardiac assist device of claim 1 further comprising an immuno-isolation coating on

said expandable primary pumping element.

17.  The cardiac assist device of claim 16 wherein said immuno-isolation coating is poly-L-
lysine (PLL), polylmethyl coguanidine- cellulose sulphate (PMCG)-CS/PLL-~sodiurn alginate
{SA), polyethylenimine, poly{dimethyldiallylammontum chloride), chitosan, polyacrylacid,

carboxymethylcellulose, cellulose sulfate, pectin, or combinations thereof.

18.  The cardiac assist device of claim 16 wherein said tmumuno-isolation coating forther

comprises a compound that reduces the immune cascade.
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19.  The cardiac assist device of claim 18 wherein said compound is heparin or factor H.

20. A cardiac assist device comprising:

at least two expandable primary puraping element s, each of said at least two expandable
primary pumping element s in mechanical communication with a securement positioned within a
stent, where each stent is configured for placement within a vessel of 3 patient;

a first condumt external to the vessel, said first conduit joined to a first securement through
a wall of the vessel;

a second conduit external to the vessel, said second conduit joined to a second
securement through a wall of the vessel;

at least one locating first feature on said first securement;

at least one locating second feature on said first securement;

a first secondary pumping element insertable into a first of sawd at least two expandable
primary pumping elements; and

a second secondary pumping clement insertable into a second of said at least two

expandable primary pumping clements.

21, The cardiac assist device of claim 20 further comprising a fluid supply in flud

communication with an interior of both said first secondary pumping element and said second

inflatable cardiac pumping chamber.
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22.  The cardiac assist device of claim 21 further comprising a single pump modifyving a
pressure of fluid in of both said first secondary pumping element and said second secondary

pumping element with a periodicity to aid in blood movement through the vessel.

23.  The cardiac assist device of claim 20 further comprising a transcutaneous energy transfer
module modifying a pressure of fluid in of both said first inflatable cardiac pumping chamber
and said second secondary pumping element with a periodicity to aid in blood movement

through the vessel.

24, A process of implanting a cardiac device comprising:

creating an end-to-side anastomosis in a wall of a vessel;

joining an expandable puimary pumping element in mechanical communication with a
securement within the vessel to a conduit external to the vessel, said conduit joined to said
securement through the end-to-side anastomosis in the wall of the vessel; and

inserting a secondary pumping clement into said expandable primary pumping element

through said conduit.

25, The process of claim 24 wherein a securement device surrounding said conduit deploys

staples for said jomning step.
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26.  The process of claim 24 further comprising applying vacuum to at least one of said
secondary pumping element or an interstitial space between said secondary pumping element and

said expandable primary pumping clement.

27.  'The process of claim 24 further comprising evaluating the wall of the vessel using prior

optical coherence tomography to the creating of the end-to-side anastomosis,

28.  The process of claira 24 further comprising inserting said primary pumping element

exovascularly into said securement.

29. A process of operating a cardiac assist device implanted 1n a patient comprising:

cychically inflating and deflating a first secondary pumping eleraent with a timing and
parameters for increasing cardiac output of the patient;

monitoring von Willebrand factor protein for a conformational change in patient blood
associated with excess blood shearing; and

adjusting the parameters to mhibit the absolute number of the protein with the

conformational change.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/043482

A. CLASSIFICATION OF SUBJECT MATTER
A61M 1/12(2006.01)i, AG1M 1/10(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

A6IM 1/12; AGIN 1/362; A61M 25/00; A61IM 1/10

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: cardiac assist, stent, pumping, conduit, insertable, balloon pump, aorta, location feature

C. DOCUMENTS CONSIDERED TO BE RELEVANT

pp. 1032-1034
See the whole document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2003-0083539 A1 (LESCHINSKY, BORIS) 01 May 2003 1-23
See paragraphs [0030]-[0039]; claims 1-21; and figures 1-6.
A US 2014-0088340 A1 (L-VAD TECHNOLOGY, INC.) 27 March 2014 1-23
See paragraphs [0033]-[0056]; claims 1-7; and figures 1-11.
A US 5599329 A (GABBAY, SHLOMO) 04 February 1997 1-23
See the whole document .
A US 7976452 B2 (KANTROWITZ, ALLEN B.) 12 July 2011 1-23
See the whole document .
A RAMAN, JAI et al., Subclavian artery access for ambulatory balloon pump 1-23

insertion, The Annals of Thoracic Surgery, 2010, Vol. 30, No. 3,

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
12 October 2016 (12.10.2016)

Date of mailing of the international search report

12 October 2016 (12.10.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer >
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Telephone No. +82-42-481-5655 K&E §
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 24-29
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 24-29 pertain to methods for treatment of the human body by surgery, and thus relate to a subject matter which the
International Searching Authority is not required to search, under PCT Article 17(2)(a)(i) and PCT Rule 39.1(iv).

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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