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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to medical devices, and more particularly to a
system for fluid handling of a patient's blood.

BACKGROUND OF THE PRIOR ART

[0002] As preliminary background, blood circulation in a person's heart is described here to
provide a better understanding of certain aspects of embodiments of the invention as set forth
herein. In that regard, Figure 1 is a diagram of a heart 10 and the circulatory flow within the
heart. Blood travels to the heart from the upper part of the body through the superior vena
cava ("SVC") 28, and from the lower part of the body through the inferior vena cava ("IVC") 29,
into the right atrium 34. A one-way valve, called the Eustachian valve (not shown), resists
blood flow from the right atrium back into the IVC. The right atrium contracts to force blood
through the tricuspid valve 35 and into the right ventricle 36, which in turn contracts to force
blood through the pulmonary valve 37 and into the pulmonary artery 30. The pulmonary artery
30 directs blood to the lungs, where the blood is oxygenated.

[0003] After the blood is oxygenated in the lungs, it returns to the heart through the pulmonary
vein 43 and into the left atrium 47. The left atrium 47 contracts to push the blood through the
mitral valve 48 and into the left ventricle 41. The left ventricle 41 then pumps the blood into the
aorta 38, which then distributes the blood to the greater arteries to be carried out to the rest of
the body.

[0004] Blood flow in a person's body, and particularly the oxygen carried by that person's blood
as it courses through their body, is adversely affected by heart failure and lung disease, both of
which are pervasive killers.

[0005] Heart failure occurs when the heart cannot pump sufficient blood to meet the needs of
the body. Heart failure affects 5.7 million patients in the U.S., and it contributed to almost
280,000 deaths in 2008 (Roger et al., Circulation, 2012; 125(1):e2:-220). The condition creates
a major burden on health care providers and is expensive to treat. The estimated direct and
indirect costs of heart failure in the U.S. for 2010 was $39.2 billion (2010 Heart Failure Fact
Sheet from Centers for Disease Control and Prevention). Despite advances in medical care,
the prognosis for patients with heart failure remains poor, especially when in advanced stages.
Patients with advanced heart failure often require ventricular assist device ("VAD") support or
heart transplantation to survive. Of course, heart transplantation is limited by a limited supply of
donor organs. VAD's, on the other hand, are mechanical pumps designed to augment or
replace the function of one or more chambers of the failing heart, and may be used where
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heart transplantation is not a viable or desirable option. While use of VAD's is increasing, it
nonetheless remains limited due to the need for major operative intervention.

[0006] Likewise, lung disease is the number three killer in the U.S., responsible for 1 in 6
deaths (American Lung Association). 400,000 deaths annually are attributed to pulmonary
causes in spite of $154 billion in expenditures to fight lung disease (Sanovas, "Lung Disease").
Chronic obstructive pulmonary disease ("COPD") is one of the most common lung diseases,
and is the fourth leading cause of death in the U.S. Moreover, Adult Respiratory Distress
Syndrom ("ARDS") commonly afflicts 190,000 patients yearly, and the average survival is
between only 30-50%. If a patient's lungs do not function properly (e.g., due to COPD or
ARDS), the oxygenation of blood is not sufficient. In order to compensate for such lack of
oxygen, Extracorporeal Membrane Oxygenation ("ECMO") may be used.

[0007] In clinical practice, the use of VAD's and ECMO each requires major invasive surgical
procedures to implant the devices via a set of cannulae. A cannula is a medical tube inserted
into the body for drainage and/or infusion of fluids, and in the case of VAD and ECMO, the
drainage and/or infusion of blood. Because of the major invasive nature of the procedures for
implanting those devices, only a limited population of patients receives these device-based
therapies. The major problems of available cannulae for ECMO (as described in U.S. Patent
No. 7,473,239 to Wang et al.,) include: (1) multiple cannulation and insertion of cannulae with
larger diameters causing extra trauma to patients; (2) blood recirculation leads to insufficient
extracorporeal oxygenation; and (3) the placement of the drainage lumen causes insufficient
venous blood drainage. Similarly, cannulation technologies used in VAD's share at least the
problem of causing extra trauma to patients.

[0008] US 2010/114017 relates to systems and methods for removing obstructions from,
delivering implantable devices or substances in or near and/or restoring flow through body
lumens, such as blood vessel lumens. A catheter having a proximal portion of a first diameter
and a distal portion of a second diameter (smaller than the first diameter) is advanced into a
body lumen. The distal portion of the catheter is caused to expand to a diameter that is larger
than the second diameter but no larger than the first diameter. A working device is then
advanced out of the distal end of the catheter and used to remove obstructive matter, deliver
an implantable device or substance and/or restore flow. The distal portion can be reduced in
diameter prior to removal from the body.

[0009] US 2007/078438 relates to a catheter, a part which is inserted into and indwelled in a
blood vessel by the Seldinger method and a sheath for covering the catheter are included. The
catheter is constituted of a double lumen portion in which a first lumen and a second lumen are
integrally formed in parallel with each other, a first branch tube and a second branch tube
extended to the one side of the double lumen portion and an extension tube connecting portion
provided to the other side of the double lumen portion. The inner cavity of the first branch tube
communicates with the first lumen and the inner cavity of the second branch tube
communicates with the second lumen. The distal end of the first branch tube is bulged in the
vicinity thereof so as to slidably contact with the inside of the distal end of the sheath.
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[0010] US 6 673 042 relates to a cannula useful for standard gravity drainage or vacuum
assisted/suction drainage. The cannula has a flexible shaft composed of a tubular body and an
expandable scaffolding. The expandable scaffolding has a contracted position, facilitating
insertion into a vessel and an expanded condition configured to allow optimal drainage in a
vessel. The cannula is inserted into a vessel and navigated into an operative position within the
patient's venous system. Once the cannula is in the proper position, the scaffolding is
expanded either through passive, active, mechanic, hydraulic, pneumatic, thermal or electrical
actuation. The cannula is capable of expanding a collapsed vein to its normal diameter and/or
capable of supporting the vein when suction is applied to the cannula to help increase fluid flow
through the cannula.

[0011] US 2011/319816 relates to a cannula having a proximal end, a distal end, and a lumen
extending between the proximal and distal ends is provided. The diameter of the lumen of the
cannula can be varied to take into account differences in the diameter of access and target
vessels during cannulation. The cannula is further characterized by at least one mechanism
that, upon actuation, serves to alter the conformation of the cannula between a normal profile
conformation and a low profile conformation. The normal profile conformation is characterized
by the cannula having a lumen diameter at the point of insertion, which is smaller than the
lumen diameter both proximal and distal to the point of insertion, with the lumen diameter distal
to the point of insertion also expandable to the diameter of the cannulated vessel of the
patient. The low profile conformation is characterized by the cannula having a lumen diameter
at the point of insertion that is greater than the lumen diameter distal to the point of insertion.

[0012] US 6 042 597 relates to an expandable tubular reinforcing member used for body
lumens such as blood vessels, the reinforcing member being formed of a continuous elongated
helical element comprised of spaced undulating portions forming end loop portions and
including a plurality of curvilinear connector elements extending between and interconnecting
at least some of the adjacent undulating portions of the helical element over its length.

[0013] WO 2012/097287 relates to a stent-graft coupled to an elongate flexible member at or
near the distal end of the flexible member and configurable in both a collapsed configuration
and an expanded configuration. The stent-graft includes an expandable stent fixed to the
flexible member. A portion of the expandable stent defines a generally tubular structure in its
expanded configuration. A porous polymeric mesh interfaces circumferentially about the
portion of the stent defines a generally tubular structure. The mesh is expandable with the
stent and carries at least one therapeutic agent. When the stent-graft is in its expanded
configuration and contacts the treatment site, the at least one therapeutic agent is transferred
to the treatment site by operation of contact between the stent-graft and the treatment site.
The mesh can define distal and proximal openings that allow for fluid flow through the stent-
graft when the stent-graft is in the expanded configuration.

[0014] US2011/0282195 relates to a system and method for localized delivery of a therapeutic
or diagnostic agent within a vessel is provided. The system and method provide for
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adjustability of the length of the treatment area and for reducing of pressure within the
treatment area. A catheter system includes an inner elongated element, an outer elongated
element positioned coaxially with respect to the inner elongated element, and a blood-release
element at a distal end of the inner elongated element. A proximal occlusion element is
positioned at the distal end of the outer elongated element, proximal to an outlet port. A distal
occlusion element is positioned at a distal end of the inner elongated element. The distal end
of the inner elongated element is distal to and movable with respect to the outer elongated
element distal end.

[0015] Accordingly, there is a need in the art for a device, systems, and methods that will
reduce the trauma associated with the use of VAD's and ECMO, that will minimize the risk of
blood recirculation, and that will ensure sufficient venous blood drainage, and that particularly
will offer a minimally invasive, efficient, and simple percutaneous cannula system for use with
VAD and ECMO procedures.

DESCRIPTION OF THE INVENTION

[0016] Disclosed herein is a novel system for fluid handling of a patient blood comprising a
double lumen cannula and a self-expanding wire frame. The self-expanding wire frame may,
for example, be temperature-responsive to expand from a compressed state (providing a
reduced cannula diameter as it is moved through a patient's body to the site at which it is to be
deployed) to an expanded state (which increases the diameter of the cannula to the diameter
intended for its normal use) in response to warming of the wire frame, such as from the
patient's own body temperature. Alternatively, the wire frame may have sufficient flexibility so
as to allow it to be radially compressed (such as by inserting the wire mesh and cannula to
which it is attached into a tearable sheath for initial insertion into a patient's blood vessel) and
thereafter return to its expanded, normal diameter after such radial compression is removed.
The expanded wire frame provides radial support to prevent a drainage canal (whether a
patient's blood vessel or a portion of the system inserted into the patient's blood vessel or
other portion of the patient's body) from collapsing as fluid is drained from the patient.

[0017] According to the invention (in a DLC configuration), the first cannula comprises a
drainage cannula with the wire frame extending outward from a distal end of the drainage
cannula. A port is located in a sidewall of the drainage cannula, which port receives a second
cannula. The second cannula is an infusion cannula and extends through the distal end of the
first cannula, and through and out of the distal end of the wire frame, and is longitudinally
movable within the first cannula and the wire frame.

[0018] With regard to still further aspects of the invention (and in another DLC configuration),
the first cannula comprises a drainage cannula having the wire frame embedded within a distal
end of the drainage cannula (i.e., embedded within the circumferential wall of the drainage
cannula at its distal end). A second cannula is an infusion cannula and includes a port located
in a sidewall of the infusion cannula, which port receives the first drainage cannula. The first
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drainage cannula extends through the distal end of the second infusion cannula and is
longitudinally moveable within the second infusion cannula.

[0019] With regard to still further aspects of the invention, the foregoing configurations may
comprise components of a fluid handling system for a patient's blood, and particularly for
suctioning, oxygenating, and infusing a patient's blood, along with a delivery mechanism for
placement of the cannulae in the patient's body.

[0020] An SLC employing not forming part of the invention may be pre-packaged or
assembled in a small sheath, and includes a self-expanding wire frame that expands into the
preset, intended dimension after it is deployed in a patient, in turn radially supporting the SLC
and the blood vessel in which it is positioned. The SLC may be used as venous and arterial
cannulae.

[0021] Likewise, a DLC of the invention comprises a drainage cannula that forms a drainage
lumen and an infusion cannula that forms an infusion lumen. The DLC may be used for
percutaneous cannulation for Veno-PA and Veno-RV ECMO, and for LV-Aortic mode LVAD
support. For the Veno-PA mode, the great vein (the SVC or the IVC) itself is used by the DLC
as forming a part of the drainage lumen, and is supported by a self-expanding wire frame that
prevents the vein from collapsing while drawing venous blood at the vessel insertion site. The
venous blood is drained from the drainage cannula by a blood pump and is sent to an
oxygenator for oxygenation. The infusion cannula of the DLC is a thin-wall, preferably
polyurethane tube that returns oxygenated blood directly to the PA. The infusion cannula
preferably has a wire-reinforced tip, and has a smaller diameter than the drainage cannula so
that it may be placed inside of and move within the drainage lumen. The Veno-RV mode is
similar to the Veno-PA mode, except that the oxygenated blood will be returned to the right
ventricle instead of the PA. For both Veno-RV and Veno-PA modes, the DLC may be inserted
from the jugular vein, the subclavian vein, or the femoral vein. For the LV-Aortic mode LVAD
support, the DLC may be inserted from the ascending aorta by a minimally invasive surgical
procedure. The wire reinforced drainage lumen of the DLC draws blood from the left ventricle,
and its infusion lumen returns the blood to the ascending aorta. The DLC's drainage lumen has
a smaller diameter than the infusion lumen so that it may be placed inside of and move within
the infusion lumen.

[0022] The DLC assembly, and their own delivery systems are described herein. Additionally,
procedures for delivering the SLC and DLC assemblies into vessels are also described herein,
however do not form part of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The numerous advantages of the present invention may be better understood by those
skilled in the art by reference to the accompanying figures in which:
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FIG. 1 is a diagrammatic view of a heart and reflecting the circulation path of blood though the
heart.

FIG. 1A is a perspective view of a DLC assembly according to aspects of the present invention.
FIG. 1B is a top view of the DLC assembly of FIG. 1A.

FIG. 1C is a partial enlarged view of the wire frame and the infusion cannula of FIG. 1B.

FIG. 1D is a side view of the DLC assembly of FIG. 1A.

FIG. 1E is a cross-sectional view of the DLC assembly of FIG. 1B.

FIG. 2Ais a cross-sectional view of a mid-plane of the wire frame according to aspects of the
invention and shown in an expanded profile.

FIG. 2B is a transverse sectional view of the wire frame of FIG. 2A in an expanded profile.

FIG. 2C is a cross-sectional view of the mid-plane of the wire frame of FIG. 2A in a
compressive profile.

FIG. 2D is a transverse sectional view of the wire frame of FIG. 2A in a compressive profile.

FIG. 2E is a cross-sectional view of the mid-plane of the wire frame of FIG. 2Ain an expanded
profile and including linkages.

FIG. 2F is a cross-sectional view of the mid-plane of the wire frame of FIG. 2Ain an expanded
profile and including alternative linkages.

FIG. 2G is a perspective view of a mandrel used for fixing Nitinol wire in a heat treatment.
FIG. 2H is a partial enlarged view of the mandrel of FIG. 2G.

FIG. 3Ais a side view of the DLC assembly of FIG. 1A including its delivery system.

FIG. 3B is a cross-sectional view of the DLC assembly and its delivery system of FIG. 3A.
FIG. 4A is a side view of a SLC assembly, not according to the present invention.

FIG. 4B is a side view of the SLC assembly of FIG. 4A including its delivery system.

FIG. 5Ais a schematic diagram of the DLC assembly of FIG. 1A and a patient's heart with the
DLC assembly in position for Veno-PA ECMO.

FIG. 5B is a schematic diagram of the DLC assembly of FIG. 1A and a patient's heart with the
DLC assembly in position for Veno-RV ECMO.

FIG. 5C is a schematic diagram of a DLC assembly according to further aspects of the
invention and a patient's heart with the DLC assembly in position for LV-Aortic mode LVAD
support.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0024] The invention summarized above may be better understood by referring to the following
description, claims, and accompanying drawings. This description of an embodiment, set out
below to enable one to practice an implementation of the invention, is not intended to limit the
preferred embodiment, but to serve as a particular example thereof. Those skilled in the art
should appreciate that they may readily use the conception and specific embodiments
disclosed as a basis for modifying or designing other systems falling under the scope of the
present invention, as defined in the appended claims.

[0025] In accordance with an embodiment of the invention, a DLC assembly is shown in FIGS
1A through IE, in which like numerals reflect like parts. FIG.1Ais a perspective view of the DLC
assembly 1, FIG. 1B is a top view of the DLC assembly 1, FIG. 1C is a partial, enlarged view of
the wire frame 6 and the infusion cannula 2 of DLC assembly 1, FIG. 1D is a side view of DLC
assembly 1, and FIG. 1E is a cross-sectional view of DLC assembly 1. DLC assembly 1
includes a drainage cannula 4 and its wire frame body 6, a hollow infusion port 25, and an
infusion cannula 2 having a circular solid body extending through the infusion proximal end to
the distal end of drainage cannula 4. Infusion cannula 2 forms an infusion lumen 3. Likewise,
drainage cannula 4 forms a drainage lumen 5. The infusion port 25 opens into drainage lumen
5 through the wall 12 of the drainage lumen 5. Infusion cannula 2 is sized and configured to
move within infusion port 25, such that the position of an opening 9 of infusion cannula 2 at its
distal end may be changed (with respect to drainage cannula 4), as is further detailed below. A
self-expanding wire frame 6 is attached to the distal end of drainage cannula 4. Self-expanding
wire frame 6 is preferably formed of a shape memory alloy that may be compressed to a
diameter less than its intended diameter when in use inside of a patient's blood vessel, and
that recovers to such intended diameter when warmed to its transition temperature as a result
of the patient's own body temperature. In an embodiment of the invention, wire frame 6 is
particularly formed from Nitinol, an allow typically made of approximately 55%-56% nickel and
44%-45% titanium by weight. Alternatively, self-expanding wire frame 6 may be sufficiently
flexible so as to allow it to be radially compressed (such as by inserting the wire mesh and
cannula to which it is attached into a tearable sheath for initial insertion into a patient's blood
vessel, as further described below) and thereafter return to its expanded, normal diameter
after such radial compression is removed. Further, in addition to Nitinol, self-expanding wire
frame 6 may be formed of stainless steel or of shape-memory polymers, so longs as such
configurations can be compressed and return to their original diameter or shape when the
compressive force is removed.

[0026] The distal end of drainage cannula 4 may be formed having a tapered wall portion 7,
and an end of wire frame 6 may be embedded in that tapered end 7 of drainage cannula 4.
Alternatively, the distal end of drainage cannula 4 may be formed as a cylindrical passage
having a smaller diameter of the proximal end of drainage cannula 4 with tapered wall portion
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7 positioned between the distal end and the proximal end. In each case, wire frame 6 is
preferably joined to the distal end of drainage cannula 4 by being molded into the plastic (e.g.,
polyurethane or any biocompatible plastic materials) wall of drainage cannula 4.

[0027] As used herein, the terms "distal" and "proximal” refer to respective distance from the
person that is inserting the cannula into a patient. Thus and by way of example, from the
perspective of FIG. 1D, the opening 9 is a distal opening of infusion cannula 2.

[0028] FIG. 1E is a cross-sectional view of DLC assembly 1. When DLC assembly 1 is inserted
to the superior vena cava (SVC), venous blood from the SVC and from the inferior vena cava
(IVC) is drained from the opening 8 of the drainage cannula 4. Usually, a negative pressure is
applied when draining the venous blood. In prior art systems, the vein from which blood was
being drawn would often collapse because of the pressure difference inside and outside of the
vein. In accordance with an advantageous aspect of the invention, wire frame 6 supports the
vein from collapsing. After the removal of such blood, it is processed and ultimately returns to
the patient's body by infusion lumen 3 through opening 9.

[0029] As mentioned briefly above (and as will be discussed further below), infusion cannula 2
is longitudinally moveable within infusion port 35, drainage cannula 4, and wire frame 6.
Moreover, infusion cannula 2 should have a length sufficient so that opening 9 of infusion
cannula 2 may be positioned a sufficient distance away from the distal end of wire frame 6 so
that opening 9 may reach at least into a patient's right ventricle, and preferably into a patient's
pulmonary artery, when the distal end of wire frame 6 is positioned in the patient's SVC or IVC
and with the opposite, proximal end of infusion cannula 2 still extending out from infusion port
25. This longitudinal separation of opening 9 of infusion cannula 4 from the distal end of wire
frame 6 will help to minimize recirculation through drainage cannula 4 of freshly oxygenated
blood that has already been returned to the patient through infusion cannula 2.

[0030] As mentioned above, in a particularly preferred embodiment, wire frame 6 may be
formed of Nitinol, which is an alloy of nickel and titanium. Nitinol has a superelastic property,
which refers to the ability to recover to its original shape above a certain temperature (i.e., its
transformation temperature) after a deformation at a lower temperature. A process referred to
as shape setting may be used to cause Nitinol to remember a desired shape. Usually, this
process includes tightly constraining the material into the desired shape on a mandrel at 450-
550°C for 10-80 minutes, depending upon the particular Nitinol material being used (different
Nitinol materials being available from different manufacturers), and the methods of carrying out
such shape setting of Nitinol materials are known to those skilled in the art. In at least one
embodiment, a preferred condition for heat treatment of a Nitinol wire suitable for use in the
instant invention (readily commercially available from Johnson Matthey Inc., of West Chester,
PA) and having a diameter of 0,254 mm (0.01 inch) in cross-section is 500°C for 70 minutes,
which can make its transformation temperature equal to preferably at least 27°C. In other
embodiments, the Nitinol wire may be heat treated so that the transformation temperature can
be between 30°C and 37°C (i.e., normal human body temperature). Below the transformation
temperature, the material is not stable and its shape can be changed easily.
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[0031] FIG. 2A provides a cross-sectional view of a mid-plane of the Nitinol wire frame 6 in an
expanded profile. The shape of wire frame 6 is preferably a combination of a zig-zag pattern
and a helix. Wire frame 6 is strong in the radial direction to support the cannula or the vein, but
remains axially flexible to easily comply with the curve of the vessel in which it is used. Wire
frame 6 preferably has a maximum (i.e., expanded) diameter that fits the distal end of drainage
cannula 4, and more particularly has a diameter that is slightly smaller than, and preferably 1
to 2 mm smaller than, the diameter of the patient's SVC. Thus, the system described herein
may be provided in a series of sizes for use with differing patients (i.e., ranging from child to
adult-sized patients). FIG. 2B is a transverse sectional view of wire frame 6 in an expanded
profile. The profile is a circle in this view, although other profiles may be realized, such as a
polygonal profile, without departing from the scope of the invention. FIG. 2C shows the same
wire frame 6 in a compressed profile. This compressed profile may be achieved by applying
forces around the circumferential surface of the wire frame of FIG. 2A. When using a
superelastic material such as Nitinol, such compression is preferably carried out at a
temperature below the transition temperature of wire frame 6. FIG. 2D is a transverse sectional
view of wire frame 6 in a compressed profile. The diameter of wire frame 6 in a compressed
profile may be between 1/3 and 2/3, and preferably between 1/2 and 2/3, of that of wire frame
6 in an expanded profile.

[0032] FIG. 2E and FIG. 2F are cross-sectional views of a mid-plane of wire frame 6 in an
expanded profile showing additional, optional features. Those wire frames are configured
similarly to the wire frame shown in FIG. 2A, with the addition of linkages (10 in FIG. 2E and 11
in FIG. 2F) between neighboring segments of wire frame 6. Those linkages 10 and 11 may
likewise be formed of Nitinol, and may be connected to the neighboring segments of wire
frame 6 by, for example, laser welding. Those linkages 10 and 11 may provide additional
strength in the axial direction, but still maintain some degree of flexibility for the wire frame 6.

[0033] When comprised of a superelastic material such as Nitinol, wire frame 6 can be formed
by firmly constraining the circular wire on the mandrel 50 shown in FIG. 2G and performing
heat treatment as described above. FIG. 2H is a partial enlarged view of the mandrel 50 of
FIG. 2G. The wire frame can also be manufactured from Nitinol tubes by laser cutting, such as
through use of a 3D model made as may be created in SOLIDWORKS.

[0034] FIG. 3Ais a side view of the DLC assembly 1 packaged within its delivery system. The
delivery system includes a tearable sheath 20 and an introducer 21. The tearable sheath 20
consists of a sheath body 19 and a head portion 18 attached to sheath body 19. Wings 13 may
be provided on opposite sides of head portion 18. Tearable sheath 20 may be torn into two
parts along its center line 14 (which may be provided a weakened line or section, such as by
perforation) by pulling the wings 13 in opposite directions. The sheath body 19 is tapered and
is smaller at the distal end 22 of sheath body 19.

[0035] FIG. 3B is a cross-sectional view of DLC assembly and its delivery system. The
introducer 21 includes a body 15, a circular handle 16 and a tapered tip 17. In some
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embodiments, the introducer body 15 is a cylinder. In other embodiments, the introducer body
15 is a cone. The introducer 21 is an atraumatic and flexible body having a small lumen
extending longitudinally through the introducer, which may be used, for example, for passage
of a guide wire. The introducer 21 may be placed in the infusion cannula 2 and is configured to
slide easily in the infusion cannula 2. Because the diameter of circular handle 16 of the
introducer 21 is larger than the inner diameter of infusion lumen 3, the introducer 21 will stop
when handle 16 reaches the proximal end 26 of infusion cannula 2. Because of the self-
expanding properties of wire frame 6 discussed above, wire frame 6 of the DLC assembly 1
can be squeezed radially, and positioned inside of tearable sheath 20 between the interior of
tearable sheath 20 and the exterior of infusion cannula 2, maintaining its compressed shape.
In certain embodiments in which wire frame 6 is formed of superelastic material such as Nitinol,
wire frame 6 may be squeezed radially at a certain temperature below its transition
temperature (e.g., at 11°C in one embodiment).

[0036] The length by which a portion 23 of infusion cannula 2 will remain extending proximally
from infusion port 25 may vary depending upon the function of DLC assembly 1. For some
applications, the length of the portion 23 may be from 3 to 5 cm. In preferred embodiments,
this will result in the distal end of diffusion cannula 2 extending outward from the distal end of
wire frame 6 by preferably 10 to 15 cm. Those skilled in the art will recognize that the length of
infusion cannula may vary for patients of differing sizes (e.g., children versus adult patients), so
long as the system is dimensioned to perform as set forth herein.

[0037] Infusion cannula 2 enters the drainage lumen 5 from the infusion port 25. As shown in
FIG. 3B, as infusion cannula 2 transitions from infusion port 25 towards the distal end of
drainage cannula 4, it curves at a portion 24 of infusion cannula 2. Optionally, this portion 24
may be reinforced by a wire frame (not shown in Figure 3B).

[0038] Infusion port 25 and drainage cannula 4 may be formed as a single part, such as by
way of non-limiting example through injection molding or cast urethane using medical grade
polyurethane with a shore hardness of 80 A. The thickness of drainage cannula 4 is preferably
1 to 2 mm. Infusion cannula 2 may be also formed of medical grade polyurethane or silicone.
Infusion cannula 2 may be manufactured, by way of non-limiting example, through dip molding
or extrusion, the methods for which are well known to those skilled in the art. The size of the
drainage lumen 5 is preferably 18 to 34 Fr and its length is preferably 10 to 30 cm, and more
preferably 20 to 30 cm. The size of the infusion lumen 3 is preferably 10 to 20 Fr and its length
is preferably 40 to 45 cm. The distal tip 27 (Figure 3B) of infusion cannula 2 is preferably
radiopaque so that it can be seen in an x-ray or fluoroscopic image, which may be used for
locating the cannula precisely during insertion. The DLC assembly 1 with the compressive wire
frame 6, and with introducer 21 inserted, may be placed in a smaller diameter tearable sheath
20. The DLC assembly 1 and its delivery system are then ready to use.

[0039] FIG. 4Ais a side view of an SLC assembly 101 not according to the present invention.
Its structure is similar to DLC assembly 1 shown in FIG. 1D, with the exception that it has only
a single lumen 103. SLC 101 includes a cannula 102 with a tapered distal end 105 and forming
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lumen 103. An end of self-expanding wire frame 104 (configured as above) is preferably
embedded in that tapered end 105 of cannula 102. FIG. 4B shows the unclaimed SLC
assembly 101 and its delivery system. Like DLC assembly 1 and its delivery system, SLC
assembly 101 and its delivery system include a tapered, tearable sheath 107 and an
atraumatic introducer 106. The introducer is inserted into the lumen 103 in cannula 102. WWhen
SLC assembly 101 is positioned within its delivery system, wire frame 104 is compressed as it
sits

within sheath 107. WWhen cannula 102 and its delivery system are in position in a vessel, sheath
107 is torn (in like manner to sheath 20 described above), and the wire frame expands to
support the vessel. Cannula 102 may be used as a venous drainage cannula.

[0040] In use, the DLC assembly 1 and its delivery system for Veno-PA ECMO may be inserted
into the patient from the internal jugular vein. First, a balloon catheter (e.g., a Swan-Ganz
catheter) may be inserted from the internal jugular vein. With the aid of an inflated balloon in its
tip, the balloon catheter traverses through the right atrium and the right ventricle and reaches
the pulmonary artery. After the catheter reaches the pulmonary artery, a guide wire can be
placed through the lumen of the balloon catheter and up to the pulmonary artery, after which
the balloon catheter may be withdrawn. Next, the DLC assembly 1 and its delivery system are
inserted over the guide wire under fluoroscopy until the radiopaque distal tip 27 of the infusion
cannula 2 reaches the right ventricle. At this point, the infusion lumen 2 is further advanced
over the guide wire to the pulmonary artery, while the rest of the DLC assembly 1 and its
delivery system are held in place. Once the infusion lumen 2 is positioned in the pulmonary
artery, tearable sheath 20 is torn and withdrawn, simultaneously exposing the self-expanding
wire frame 6. In embodiments in which wire frame 6 is comprised of Nitinol, because of its
superelastic property, the compressed Nitinol wire frame 6 expands radially (in response to
warming from the patient's body temperature to its transition temperature) to the wire frame's
preset shape, and thereafter prevents collapsing of the SVC during draining blood.
Alternatively, the wire frame may be sufficiently flexible to allow its radial compression by
sheath 20 and automatically restore to its normal, uncompressed diameter when sheath 20 is
removed. The wire frame 6 used here should be biocompatible so as to greatly reduce the
possibility of thrombosis. Introducer 21 is then withdrawn, and a hemostatic seal (not shown in
the figure) may be placed in the space between the infusion cannula 2 and the infusion port 25
to complete the insertion process.

[0041] While able to maintain the same flow rate as is available in prior art DLC configurations,
this DLC with a self-expanding feature causes less trauma to the vessel compared to prior art
DLC configurations because it is much smaller in the radial direction during insertion.

[0042] Depending upon the particular operation, the DLC assembly 1 and its delivery system
may alternatively be inserted from the subclavian or femoral vein.

[0043] FIG. 5A is a schematic diagram of the DLC assembly 1 embodying aspects of the
invention, and a patient's heart with the DLC assembly 1 in position for Veno-PA ECMO. The
SVC in this case will be used as a part of the drainage lumen. The DLC drains blood both
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upstream and downstream at the insertion site, thus avoiding long term obstruction of the SVC,
which leads to thrombosis. The venous blood is drained from the SVC 28 and the IVC 29 and
comes out of the patient's body from the outlet 32 of drainage lumen 5. Thereafter, the venous
blood (oxygen poor blood) goes through a blood pump, an oxygenator and other associated
devices (not shown in the figure) and becomes oxygenated blood (oxygen rich blood). The
equipment and processes for the extracorporeal oxygenation of blood are well known to those
skilled in the art and are thus not discussed further here. After oxygenation, the oxygenated
blood travels back to the pulmonary artery 30 through the inlet 33 of infusion lumen 3. In the
human body, the blood flows from the right atrium 34 through the tricuspid valve 35 to the right
ventricle 36, and then goes through the pulmonary valve 37 to the pulmonary artery 30. The
functions of the tricuspid valve 35 and the pulmonary valve 37 are both to prevent back flow.
Placing the infusion lumen 2 directly into the pulmonary artery 30 reduces the blood
recirculation to a great extent.

[0044] The preset diameter of the Nitinol wire frame 6 should be slightly smaller than the
diameter of the SVC 28. When a negative pressure is applied on the drainage lumen 5, the
SVC 28 shrinks as its walls collapse inward, and is supported by wire frame 6. When the
negative pressure is removed, the SVC 28 will return to its original diameter. At this point, there
is sufficient space between wire frame 6 and the SVC 28 so that the DLC system 1 can be
withdrawn from the SVC.

[0045] Another wire frame 31 may be positioned in the infusion cannula 2 (such as by molding
wire frame 31 into the wall of infusion cannula 2), which preferably is also formed of Nitinol,
and its structure can be similar to that of the wire frame 6, or it may be helical. The section
within the right ventricle can be pre-set as a curved shape as shown in FIG. 5A. Such
additional wire frame 31 may be used to prevent the creation of a kink of the curved portion of
the infusion cannula 2 in the right ventricle.

[0046] FIG. 5B is a schematic diagram of the DLC assembly of the invention and a patient's
heart, with the DLC assembly in position for Veno-RV ECMO. This application is similar to the
one described above with reference to FIG. 5A. One difference, however, is that the infusion
lumen is placed in the right ventricle 36 as opposed to the pulmonary artery 30. Another
difference is that the Nitinol wire frame 31 in the infusion cannula 2 in FIG. 5Ais not needed for
this DLC. Because of the tricuspid valve 35, the blood recirculation is very low.

[0047] FIG. 5C is a schematic diagram of the DLC assembly of the invention and heart with the
DLC assembly in position for LV-Aortic mode LVAD. The DLC assembly is inserted from the
ascending aorta 38 or descending aorta (not shown) by minimally-invasive surgery. Different
from the previous cases, the drainage lumen 39 has a smaller diameter than the infusion
lumen 40. The location of distal end 45 of the drainage lumen 39 can be adjusted by moving it
in the drainage port 44. In this case, the drainage cannula should have a length sufficient so
that distal end 45 of drainage lumen 39 may be positioned in the patient's left ventricle 41
when the distal end of the infusion lumen 40 is positioned in the ascending aorta 38. The
arterial blood in the left ventricle 41 is drawn by a blood pump (not shown in the figure) through
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the drainage lumen 39 and returns to the ascending aorta 38 through the infusion lumen 40.
As shown in FIG. 5C, the portion 42 of the cannula and self-expanding wire frame (such as a
Nitinol wire frame) in the ascending aorta 38 and behind the pulmonary artery 30 is shown in
dashed lines. In this configuration, the wire frame is completely embedded inside the wall of
the drainage cannula and provides radial support to the drainage cannula as blood is
suctioned through drainage lumen 39. The shape of the wire frame 46 in this configuration is
preferably helical, but may likewise embody a shape similar to that of the wire frame 6 in FIG.
5A.

[0048] For traditional LVAD, blood is drained from the left ventricle 41 through a cannula by a
pump and infused back to the aorta through another cannula, requiring multiple cannulation.
The application shown in Figure 5C utilizing aspects of the instant invention avoids multiple
cannulation and reduces trauma and difficulty of surgery.

[0049] The self expanding cannula system employing aspects of the invention provides
significant benefits over the prior, which in each application may include one or more of the
following: (i) the avoidance of multiple cannulation; (i) minimally invasive insertion and self-
expansion when placed in position in a patient's body; (iii) a lessening of blood and vessel
trauma; (iv) a lessening of the possibility of thrombosis; (v) avoidance of major invasive
surgery; and (vi) minimal blood recirculation.

INDUSTRIAL APPLICABILITY

[0050] The present invention is applicable to medical devices, and particularly to cannulae,
systems using cannulas and methods for their use. The devices can be made in industry and
practiced in the medical device field.
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Patentkrav

1. System til fluidhandtering af en patients blod, omfattende:

en dobbeltlumenkanyle indbefattende en indre infusionskanyle (2) med et
infusionskanyleindleb ved en proksimal ende af infusionskanylen, et
infusionskanyleudlab (9) ved en distal ende af infusionskanylen og et infusionslumen
(3) fra infusionskanylens indlgb til infusionskanylens udlgb (9), og en ydre
dreenagekanyle (4) omfattende en port (25), der streekker sig ind i dens sideveeg, hvor
infusionskanylen (2) har en ydre diameter, der er dimensioneret til at tillade, at
infusionskanylen ( 2) placeres i og beveeger sig inden for porten (25), dreenagekanylen
(4) og en selvekspanderende, cylindrisk tradramme (6), hvor den ydre dreenagekanyle
har et dreenagekanyleindlgb ved en distal ende af dreenagekanylen, et
dreenagekanyleudleb ved en proksimal ende af dreenagekanylen og et ringformet
dreenagelumen (5) dannet mellem en ydre overflade af den indre infusionskanyle (2)
og en indre overflade af den ydre dreenagekanyle (4);

kendetegnet ved, at indlgbet til den ydre dreenagekanyle (4) endvidere omfatter den
selvekspanderende, cylindriske tradramme (6) med en aben, distal tradrammeende
og en proksimal trddrammeende modsat den distale tradrammeende, hvilken
proksimal tradrammeende er fastgjort til den distale ende af dreenagekanylen (4), hvor
tradrammen (6) automatisk kan ekspanderes til en maksimumdiameter, nar den er
placeret til at opsamle blod fra en patients krop, hvor den distale tradrammeende kan
ekspanderes til maksimumdiameteren pa tradrammen (6), hvor dreenagekanylen (4)

danner et blodudtagslumen radialt understattet af den selvekspanderende tradramme

(6).

2. System ifglge krav 1, hvor den selvekspanderende tradramme (6) automatisk kan
ekspanderes til maksimumdiameteren som reaktion pa opvarmning fra en patients

kropstemperatur.

3. System ifelge krav 2, hvor trddrammen (6) kan komprimeres til en reduceret
diameter, nar den udsaettes for en temperatur, der er lavere end et menneskes
normale kropstemperatur, idet den reducerede diameter er tilstraekkelig lille til at tillade

passage af tradrammen (6) gennem en del af patientens kredslab.
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4. System ifelge krav 1, hvor maksimumdiameteren er valgt saledes, at den
tilvejebringer radial statte til et kar, hvori trddrammen (6) er anbragt for at modvirke

kollaps under sugning af blod gennem trddrammen (6) og dreenagekanylen (4).

5. System ifglge krav 1, hvor dreenagekanylen (4) tilspidser mod en reduceret diameter
langs en leengde af en veegdel (7) af dreenagekanylen fra dreenagekanylens udlgb

mod dreenagekanylens indlab.

6. System ifelge krav 1, hvor tradrammen (6) er udformet som en tradspiral.

7. System ifelge krav 1, der endvidere omfatter en port, der streekker sig ind i en

sideveeg af den ydre draenagekanyle (4).

8. System ifslge krav 7, hvor den indre infusionskanyle (2) har en ydre diameter
dimensioneret til at tillade, at den indre infusionskanyle (2) kan placeres i og beveege

sig inde i porten, den ydre dreenagekanyle (4) og trédrammen (6).

9. System ifglge krav 8, hvor den indre infusionskanyles (2) infusionskanyleudlab (9)

er rentgenopakt.

10. System ifslge krav 9, hvor den indre infusionskanyle (2) endvidere omfatter en

anden tradramme, der er indlejret i infusionskanylens udlgb (9).

11. System ifglge krav 10, hvor den anden tradramme automatisk kan ekspanderes
fra en reduceret anden tradrammediameter til en forstarret anden tradrammediameter

som reaktion pa opvarmning fra en patients kropstemperatur.

12. System ifglge krav 8, der endvidere omfatter en kappe (20) med en distal kappe
med en indvendig diameter valgt til at tillade, at den ydre dreenagekanyle (4),

tradrammen (6) og den indre infusionskanyle (2) placeres inde i kappen (20).

13. System ifalge krav 12, hvor den selvekspanderende tradramme (6) er tilstraekkelig

fleksibel til at komprimere radialt til en reduceret diameter, nar den vydre



DK/EP 3021928 T3

dreenagekanyle (4), tradrammen (6) og den indre infusionskanyle (2) er placeret inde
I kappen (20) og til automatisk at ekspandere til maksimumdiameteren ved fijernelse

af kappen (20).

14. System ifglge krav 12, hvor kappen (20) har en sveekkelseslinje, der streekker sig
langs en langsgaende leengde af kappen (20), og er konfigureret til at tillade, at kappen
(20) kan fijernes fra den ydre dreenagekanyle (4), trddrammen (6) og den indre
infusionskanyle (2) efter placering af den ydre dreenagekanyle (4), trdédrammen (6) og

den indre infusionskanyle (2) i et blodkar hos en patient.

15. System ifalge krav 8, hvor den indre infusionskanyles (2) infusionskanyleudlab (9)
kan placeres distalt i en tilstreekkelig afstand fra dreenagekanylens indlgb for at
forhindre ekstrakorporal recirkulation af fluid, der er blevet dreenet fra og tilbagefart til

patienten ved hjeelp af systemet.
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