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(57) Abstract: A guidewire for backloading and inserting a percutaneous pump aftixed to a cannula includes a proximal section
made of a first material, with a first diameter, a rounded proximal end, and a distal end. The guidewire also includes a distal section
made of a second material, with a second diameter which is greater than the first diameter, a distal end, and a proximal end abutting
the distal end of the proximal section. The first material of the proximal section is selected to be softer than a material of the percu -
taneous pump to reduce damage to the pump during backloading. The distal section of the guidewire is configured to be stiffer than
the proximal section to insert the percutaneous pump in a desired location without damaging the guidewire.
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Guidewire for Cannula Placement

{0001} This application claims prionity to U.S. Patent Application No. 14/862,090, filed on
September 22, 2015, This application also relates to U.S. Patent No. 6,007,478, the content

of which is hereby incorporated hercin by reference in its entivety.

Background

{60602} A blood pumap, such as a percutancous intracardiac blood pump assembly, is
miroduced in the heart to deliver blood from the heart into an artery, such as the pulmonary
artery. When deployed in the heart, a blood pump assembly pulls blood from the left
ventricle of the heart and expels blood into the aorta, or pulls blood from the nght ventricle
and expels blood into the pulmonary artery, through a canoula. Blood pump assemblies are
mtroduced surgically or percutancously dunng a cardiac procedure through the vascular
system. In one common approach, pump assemblics are inserted by a catheterization
procedure through the fomoral artery using a guidewire.

[3003]  An introducer is mserted mto the femoral artery through an arterictomy to create an
msertion path. A placement guidewire 18 then advanced distal end first through the sheath
nto the artery.  Once the guidewire has been inserted into the artery, the pump assembly,
mcluding a pump and a canmula, 18 backloaded ounto the proximal end of the gumidewire and
pushed along the guidewire and mto the patient. The pump assembly may then be used n
conjunction with a catheter.

As defined herein, backloading involves inserting the proximal end of the guidewire, which
remaing outside the panient, into the distal end of the catheter and then advancing the catheter
distally over the wire. Backloading the pump assembly allows the guidewire to remain in
position within the patient while different size catheters or sheaths are inserted and removed
during the course of a procedure. But the cannula of the pump assembly can have a tortuous
shape, or the canoula can be stiff. In these cases, the guidewire may not be stiff enough to
allow backloading of the pump through to the pulmonary valve, and as a resalt the canmila of
the pump may displace the guidewtre out of the pulmonary valve. For example, for systems

delivering blood from the inferior vena cava to an opening in the pulmonary artery, the
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cannuia of the pump may be a 3D shape with two 87 turns 10 different planes. This can

make backloading and insertion of the pump assembly into a patient particudarly difficult

Summary

i r i

{8604} Systems, methods, and devices for an improved guidewire for cannula placement
are presenied. The improved guidewire facilitates mascrtion of the guidewire through a heart
pump without damaging the pump. This improved guidewire is particularly helpful for
pumps having complex or tortuous geometrics, such as the IMPELLA RP pump or any other
pump adapted for use in the rnight ventncle (e.g., between the inferior vena cava and the
pulmonary artery).

10605]  The tmproved guidewire disclosed herein can be mserted into the arterial sysiem of
a patient through an arterictomy. The guidewire mcludes a first distal section, an
mtermediate pump delivery section, and a backloading proximal section. The first distal
section, is inserted first into the arteral system of the patient. The first distal section is
flexible and has a rounded end which allows a phvsician to insert the guidewire with minimal
trauma to the patient. For example, during insertion the first distal section of the guidewire
may come into contact with the walls of the patient’s artery, or with a lumen placed inside the
patient’s artery. Thus, use of a material with fow friction and high flexibility for the first
distal section, such as a plastic or polymer, can reduce travma and discomfort to the patient.
[0006] The mtermediate pump delivery section, 1s connected to the first distal section.
While the first distal section of the guidewire facilitates insertion in the patient, the
mtermediate pump delivery section facilitates backloading of a pump asscmably onto the
guidewire. The pump assembly includes a pump affixed to a cannuia. Durning backloading,
the proximal end of the guidewire which remains outside the patient must be inserted into the
pump and through the cannela, before the pump and cannuda can be pushed along the
guidewire until reaching the desired site. Depending on the application, the cannula may take
different shapes. For example, in the case of some pumps for the night venincle (e.g., the
IMEPLLA RP pump), the pump 1s located at one end of a cannula with a complex three-
dimensional shape, mcluding two “S” bends in different planes. Having an intermediate
pump delivery section of the guidewire which is stiffer than the first distal section facilitates
backloading of the stiff cannula and minimizes the nisk of the stiff canmila displacing the
guidewire. The pump delivery section can have a larger diameter than the first distal section

and can be made of a stiffer material.
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18607} The mtermediate section of the guidewire is connected to the backloading proximal
section. While the intermediate section, also referred to as intermediate pump delivery
section, facilitates guiding the pump assemblv into position without displacing the guidewire,
the backloading proximal section minimizes damage to the pump during the backloading
process. Dac to its softness and flexibility relative to the mtermediate pump delivery section,
the backloading proximal section can be nserted into the pump without damaging the pump.
This 1s particularly helpful because the small size of the pump and the guidewire routinely
complicate mitiation of the backloading process. Inserting the guidewire into the pump
through the small gap between the impeller blades and the housing may require several
attempts.

[B0608] In some implementations, the first distal section, the intermediate pump delivery
section, and the backloading proxamal section of the guidewire have different stiffnesses doe
to differences in matenials, structures, geometaes, or a combination thereof,

{0009]  The guidewire disclosed hercin provides a number of possible advantages. The
guidewire is flexible encugh at its proxamal end to pass through the pump without
ponecessary damage. At the same time, the guidewire is stiff enough at 1ts distal end to guide
the cannula into place during backloading without being displaced. This can help avoid
multiple imsertions of the guidewire mto the patient and minimizes the nisk of damage to the
patient’s arterial system.

10610} In one aspect, a system for inserting a percutancous pump includes a percutansous
pump, a cannula and a guidewire. The cannula bhas a cannula diameter, a proximal mict, and
adistal outlet. The percutancous pump 1s located at, and affixed to, the distal outlet of the
pump. The guudewire includes a proximal section with a first stiffness and having a first
diameter, and a distal section connected to the proximal section, the distal section with a
second stitfiress and a second diameter which is greater than the first diameter. The distal
section is stiffer than the proximal section to insert the cannula and position it in a desired
location without displacing the guidewire.

{0611}  In certain implementations, the proximal section of the guidewire uses a fust
material which is softer than a material of the percutancous pump to reduce damage to the
percutancous pumyp during backloading of the cannula onto the guidewire.

{0612} In certain implementations, the proximal section is made of a first material with the
first stiffness and the distal section 15 made of a second material with the second stiffness.
{0013  In certain implementations, the proximal section 1s made of a first structure with the

first stiffness and the distal section is made of a second structure with the second stiffhess.
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{8614} In certain implementations, the guidewire includes a distal tip which is connected to
a distal end of the distal section.

[B615]  In certain implementations, the canmula has a three-dimensional shape with a first
“S” bend 10 a first plane, and a second “S” bend 1n a second plane, where the second plane is
different from the first planc.

10616} In certain implementations, the proximal section hag a rounded proximal end made
of a third material.

{8017} In certain implementations, a ratio of a diameter of the proximal section over a
diameter of the distal section 15 0.72. In certain implementations, a ratio of a diameter of the
proximal section over a diameter of the distal section is at least 0.7, In certain
mmplementations, a ratio of a diameter of the proximal section over a diameter of the distal
section is between 0.6 and 0.9

{0018]  In certain implementations, a stiffness of the proximal section is lower than a
stiffncss of the distal section.

{8013} In certain implementations, the proximal section extends over 40 to 75% of a total
length of the guidewire.

{00206} To another aspect, a gidewire for backloading and inserting a percutancous pump
meludes a proxamal section and a distal section. The proximal section 1s made of a first
matenial and has a first diameter. The proximal section includes a rounded proxamal end and
a distal end. The distal section is made of a second material and has a second diameter. The
second diameter of the distal section is greater than the first diameter of the proximal section.
A proximal end of the distal section abuts the distal end of the proximal section. The first
material of the proximal section is selecied to be sofier than a material of the percutaneouns
pump to reduce damage to the pump bousing or blades during backloading of the
percutaneous pump onto the guidewire. The distal section is configured to be stiffer than the
proximal section such that the percutaneous pump can be inserted and moved to a desired
location without displacing the guidewire.

16621}  In some implementation, a stiffness of the second material is greater than a stitfness
of the first material.

180221 In some implementation, the proximal section is made of a first structure and has a
first stiffness and the distal section is made of a second structure and has a second stiffness.
{30231 Tn some implementation, the proximal section is made of a first structure and has a

first stiffness, and the distal section 1s made of a second structure and has a second stiffness.
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18624} In certain implementations, a stiffhess of the proximal section 1s lower than a
stiffnness of the distal section.
{0025] o certain implementations, the proximal section 18 coated and the distal section is

not coated.

(]

[80826] In certain implementations, a ratio of a diameter of the proximal section over a
diameter of the distal section is 0.72. In certain implementations, a ratio of a diameter of the
proximal section over a diameter of the distal section is at least 0.7, In certain
mnplementations, a ratio of a diameter of the proximal section over a diameter of the distal
section is between $.6 and 0.9
10 {6027 Io certain implementations, the proximal end exiends over 40 to 75% of a total
length of the guidewire
[80628] In certain implementations, the proximal section includes a distal tip which is
connected to a distal end of the distal section.
{0629} In certain implementations, the rounded proximal end of the proximal section is
15 made of a third material.
18638} Io anocther aspect, a method for ingerting a percutancous pump inchudes toserting a
guidewire into a cannula through a distal end of the cannula which supports the percutancous
pump, and pushing the guidewire through the percutancous pump and cannula. The
guidewire meludes a proximal section with a first stiffness and a first diameter, and a distal
20 section connected to the proximal section, the distal section with a second stiffness and a
second diameter greater than the first diameter. The distal section is stiffer than the proximal
section to msert the cannula in a desired location without displacing the guidewire.
{8631} Vanations and modifications will occur to those of skill i the art afier reviewing
this disclosure. The disclosed features may be implemented, in any combination and
25 subcombmation (including multiple dependent combinations and subcombinations), with one
or more other features descenbed herein. The various features desenbed or ilhustrated above,
mcluding any components thereof, may be combined or integrated in other systems.

Moreover, certain features may be onitted or not implemented.

Bref Description of the Drawings

30 [B8332] The foregoing and other objects and advantages will be apparent upon consideration
of the following detailed description, taken in conjunction with the accompanying drawings,
m which like reference characters refer to like parts throughout, and in which:

{8633} FIG. 1 shows an illustrative embodiment of a cannula assembly;

5.
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18634} FIG. 2 shows a lateral cross-section of a conventional guidewire;

18635} FIGS. 3 and 4 show dlustrative damage to blades of a percutancous pump, resulting
from backloading the percutancous pump on a conventional guidewire;

[B836] FIG. 5 shows a lateral cross-section of a first iltustrative embodiment of a
guidewire;

10637} FIG. 6 shows a lateral cross-section of a second iHustrative embodiment of a
guidewire;

18638} FIG. 7 shows a lateral cross-section of a third illustrative embodiment of a
guidewire;

{0639} FIG. 8 shows a lateral cross-section of a fourth illustrative embodiment of a
guidewire;

[8640] FIGS. 9 and 10 show tables of data related to properties of the guidewire in FIG. 2
and a guidewire in any of FIGS. 2-§;

{0641} FIG. 11 shows a percutancous pump being backloaded on a guidewire according to
one of the illustrative embodiments of FIGS. 5-8; and

{0642} FIG. 12 shows anllustrative process for inserting a guidewire.

Detailed Description

{0043} To provide an overall understanding of the systems, methods, and devices described
heremn, certain Hustrative embodiments will be described. Although the embodiments and
features described herein are specifically described for use in connection with a percutaneous
blood pump system for the right ventricle, it will be understood that all the components and
other features outlined below may be combined with one another in any suitable manner and
may be adapted and applied to blood pump systems for the left ventricle or other types of
cardiac therapy and cardiac assist devices, including balloon pumps, cardiac assist devices
implanted using a surgical incision. and the like.

[B044] The systems, methods, and devices described herein provide a guidewire having a
first prosimal section and a second distal section such that a cannola can be inserted over a
guidewire without displacing the guidewire and without damaging a pump coupled to the
cannula. The proximal section of the guidewire is less stiff than the distal section of the
cuidewire due to the geometry or the material of the proximal section. For example, the
proximal section of the guidewire may have a diameter which is smaller than a diameter of

the distal section. In another example, the proximal section of the guidewire may be made of
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a material which is less stiff than a matenial of the distal section of the guidewire, In yet
another example, the proxamal section of the guidewire may have a structure which is less
stiff than a structure of the distal section of the guidewire. The lower stiffness of the

proximal section, relative to the stiffness of the distal section, allows physicians to more

(]

gasily insert the gudewire nto a percutancous pump located at a distal end of a cannula. In
particular, physicians may be able to insert the proximal section of the guidewire into the gap
located between the housing and the blades of the percutancous pump without damaging the
blades, and without damaging or rapturing the housing.
{0645} Figure 1 shows an iHlustrative embodiment of a blood pump assembly 100, The
10 blood pump assernbly 100 mnchudes a pump 101, a pump housing 103, a proximal end 105, a
distal end 107, a cannula 108, an impeller 109, an extension 102, a catheter 112, an inlet arca
110, an outlet arsa 106, and blood exhaust apertares 117, The catheter 112 is connected to
the inlet arca 110 of the canoula 108. The inlet arca 110 is located near the proximal end 105
of the cannula, and the outlet arca 106 is located toward the distal end 107 of the cannula 108,
15 The inlet area 110 includes a pump housing 103 with a peripheral wall 111 extending about a
rotation axis 113 of the impeller blades 115, positioned radially cutward of the 1oner surface
with respect o the rotation axis 113 (not shown) of the tapeller 109 (not shown). The
mpeller 109 is rotatably coupled to the pump 101 at the mlet area 110 adjacent to the blood
exhaust apertures 117 formed in the wall 111 of the pump housing 103. The pump housing
20 103 mayv be composed of a metal m accordance with implementations. The extension 102,
also referred to as a “pigtail,” is connected to the distal end 107 of the cannula 108 and assists
with stabilizing and positioning the blood pump assembly 100 into the correct position mn the
heart. The pigtail 102 is configurable from a straight to a partially curved configuration. The
pigtail 102 may be composed, at least 1n part of a flexible material, and may have dual
25 stiffness.
[8346] The cannula 108 has a shape which matches the anatomy of the right ventricle of a
paticnt. In this exemplary embodiment, the cannula has a proximal end 105 arranged to be
located near the patient’s jnferior vena cava, and a distal end 107 arranged to be located near
the pulmonary artery. The cannula 108 includes a first segment S1 extending from the inflow
30 areato a point B between the inlet area 110 and the outlet area 106, The cannala 108 also
mehudes a second segment 82 extending from a point £, which is between the inlet area 110
and the outlet arca 106, to the outlet arca 106, In some implementations B and C may be at
the same location along cannula 108, The first segment 51 of the canmula forms an S’ shape

i a first plane. In some implementations, segment 51 can have curvatures between 30
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degrees and 180 degrees. The second segment 82 of the cannula forms an °S’ shape in a
second plane. In some implementations, segment S2 can have curvatures between 30 degrees
and 180 degrees (e.g.. 407, 507, 60°, 70°, 80°, 90°, 1007, 110°, 120°, 130°, 140°, 150°, 160°,
or 170°). The second plane can be different from the first plane. In some implementations,
the second plang is parallel or identical to the first plane.

100471 In some implementations, the blood pump assembly 160 is inserted percutancously
through the femoral artery and into the night ventricle. Alternatively, n some
nplementations the blood pump assembly 100 may be inserted pereutancously through the
femoral artery and into the left ventricle. When properly posttioned, the blood pump
asscrubly 100 delivers blood from the inlet area 110, which sits inside the patient’s left
ventricle, through the cannula 108, to the blood exhaust apertures 117 of the pump housing
103 positioned in the ascending aorta.

100648} Figure 2 shows a lateral cross-section of a conventional guidewire 200, The
conventional guidewire includes a distal section 210, a distal tip 212, a coil wire 214, a core
wire 216, a transition region 218, a proximal section 220, a proximal end 222, and a transttion
section 218&. The coil wire 214 surrounds the core wire 216. The corc wire 216 has a
diameter which decreases from the transition region 218 to the tip of the distal section 212.
The distal section 210 has a length L2, which is between 23-50% of the total length of the
core wire 216, The core wire 216 also mcludes a proximal section 220, extending between a
proximal end 4222 and the transition section 218. The proximal section 220 has a constant
diameter. The proximal section 220 has a length between 75-30% of the total length of the
core wire 216, The distal section 210 of the core wire 13 more flexible than the proximal
section of the guidewire 200, This allows a physician witially placing the guidewire info a
patient to nununize damage to the arterial system of the patient.

[0049] Figures 3 and 4 show illustrative damage 1o a blade of a percutancous pump.
Exemplary blades 3190 and 430 include portions 320 and 440 which were scratched or dented
or both by attempting to insert a conventional guidewire between the pump housing (e g,
purap bousing 103 1 FIG. 1) and the blades {(e.g., impeller blades 115 m FIG. 1). Inthis
example, contact between the guidewire and a pump element results in the pump element
being scratched or indented (as shown i FIGS. 2 and 3) rather than in the guidewire being
scratched or indented. Although only scratches and indentations are shown, 10 some cases
the pump housing can be punctured when inscrting a conventional guidewire. This is

particudarly a concern when using a guidewire made of a material with a higher scratch
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hardness, mdentation hardness or rebound hardness than a material used for the pump
clements.

{0050} As discussed above, when a guidewire {(e.g., guidewire 200 m FIG. 7} is not sutt
enough, backloading and insertion of a pump assembly {¢.g., pump assembly 100 in FIG. 1)
nto a patient may be particularly difficolt. Accordingly, some physicians may use a stiffer
guidewire to backload a pump (e.g., pump 101 in FIG. 1} without displacing the guidewire
200 out of the pulmonary valve. However, for particular pumps, such as the IMPELLA RP
pump which is used in combination with an “S” turn canmda {e.g., cannula 108 i FIG. 1), a
stiffer guidewire may not be a viable solution. In the exemplary embodiment of the
IMPELLA RP pump {c.g., pump 101 in FIG. 1), the pump s so small that the passage
between the pump housing {e.g., pump housing 103 in FIG. 1) and the blades of the pump
{e.g., impeller blades 115 m FIG. 1) 153 on the order of millimeters. Furthermore, due to their
size and complexity the components of the IMPELLA RP pump such as the housing {c.g.,
housing 103 in FIG. 1) and the blades {c.g., impeller blades 115 in FIG. 1) arc particularly
expensive to manufacture or replace. Any undesired contact between the guidewire and the
pump elements, instead of having the guidewire pass straight through the aforementioned
gap, can rosult in damage. This is particularly true for a stiff gumidewire, such as a guidewire
made of a matenal with a higher scratch hardness, indentation hardness or rebound hardness
than a material used for the pump elements. A guidewire with increased stiffness throughout,
cither via an increased diameter or via material properties, could damage the housing or
blades of the pump even more than a conventional guidewire.

{8651} Figure 5 shows a lateral cross-section of a first tustrative embodiment of a
guidewire 360. The guidewire 500 includes a soft distal section 510, a distal tip 512, a coil
wire 514, a core wire 516, a transition arca 318, an intermediate pump delivery section 330, a
transition arca 532, a backloading proximal section 540, and a proximal tip 542. The soft
distal section 510 exiends between the transition arca 518 and the distal tip 512, In use, the
soft distal section 510 is inserted first into the patient. The soft distal section 510 includes the
core wire 516 and the coil wire 518 coiled around the core wire 516, The core wire 516 has a
diameter which decreases from the transition region 318 1o the distal tip 512, Instead of a
single proximal section as in the guidewire 200, the guidewire 500 includes two sections, the
mtermediate pump delivery section 330 and the backloading proximal section 540, The
mitermediate pump delivery section 5330 and the backloading proximal section 540 are
coupled to the intermediate pump delivery section 530 by a transition area 532, The

mtermediate pump delivery section 530 extends between the transition arca 532 and the
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transition arca 518, The mtermediate pump dehivery section 530 is the portion of the
guidewire 300 with the widest diameter. The intermediate pump delivery section 530 may
have a constant diameter. In some mmplementations, the mtermediate pump delivery section
530 1s not the widest section of the guidewire.

{8832} The backloading proxamal section 540 extends between the proximal tip 542 and the
transition section 332, The backloading proximal section 540 has a constant diameter. In
some implementations, the diameter of the proximal section 540 varics. The material and the
structure of the backloading proximal section 540 and the intermediate pamp delivery section
530 may be similar or the same. The backloading proximal section 540 is more flexible than
the intermediate pump delivery section 530 because the backloading proximal section 540
has a diameter which is smaller than the diameter of the mtermediate pump debivery section
530. The smaller diameter of the backloading proximal section facilitates the mtroduction of
the guidewire through the pump with low forces. In some implementations, the backloading
proximal section 540 1s more tlexible than the mtermediate pump delivery section 530
beeause the backloading proximal section 540 1s formed of a material or a structure which is
less stiff than the material or structure of the intermediate purp delivery section 530,

{0053} 1o certain implementations, the backloading proximal section 540 1s more flexible
than the intermediate pump delivery section 530 by having a matenial composition which is
100% a material which 1s more flexible than a material of the intermediate pump delivery
section 330, The intermediate pump delivery section 530 can have a material composition
which is 100% a material stiffer than the material of the backloading proximal section 340,
The stiffer matenial of the imtermediate pump delivery section 530 may consist of any number
of materials including but not limited to polyurethane or resin impregnated fibers. The more
flexible material may consist of any number of materials mcluding but not hmited 0 a
silicone compound. In some implementations, the two differcnt matenials may have the same
chemical composition, but different degrees of polymertzation, crvstallinity, or any other
properiy.

{6654} The matenial of the backloading proximal section 540 may be selected to reduce
damage to the pump clements when there is undesired contact between the guidewire and any
of the pump clements. In particular, the material of the backloading proximal section can be
selected to have a lower scratch hardness, indentation hardness or rebound hardness than a
material used for the pump clements.

{0085]  The proxamal tip 5342 of the backloading proximal section 540 1s rounded and 18

made with or coated with a material different from the remainder of the backloading proximal
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section 540, For example a lubricating coating or lubricated matenal can be used for the
proximal tip 542, This allows a physician to insert the proxamal tip 542 and the backloading
proximal section 540 of the guidewire more easily into the pump and the cannufa. In tam,

these features can help reduce damage to the blades and housing of the percutaneous pump

(]

into which the guidewire 18 inserted. The proxamal tip 542 can be attached to the backloading

proximal section 5340 by adhesive or solvent bonding, mechanical fastening, insert molding,

or any other suitable joining mechanism or combinations thercof. Alternatively, the proximal

tip 342 can be integral to the backloading proximal section.

{8656} Figure 6 shows 3 lateral cross-section of a second illustrative guidewire 600

10 according to certain erobodiments. The guidewire 600 mcludes a soft distal section 610, a
distal tip 612, a coil wire 614, a core wire 616, a transition area 618, an mtermediate pump
delivery section 630, a transition area 632, a backloading proximal section 640, and a
proximal tip 642. The guidewire 600 includes a distal section 610 which exiends between the
transition arca 618 and the distal tip 612 and which is inserted first into the patient. The soft

15 distal section 610 inclades a core wire 616 with a diameter which decreases from the
transition region 638 to the distal tip 612. The soft distal section 610 also includes a coil wire
614 which is cotled around the core wire 616, The soft distal section 610 exiends over a
length L2, which can be 25-50% {e.g., 30%, 35%, 40%, 45%;) of the total length of'the
guidewire 600. Preferably, the length L2 is between 25-35% of the total length of the

20 guidewire 600. Even more preferably, the length L2 is 30% of the total fength of the
guidewire 600. The guidewire 600 further comprises, instead of the proximal section 220 for
example, two sections, the mtermediate pump delivery section 630, and the backloading
proximal section 640 coupled to the intermediate pump delivery section 630 by a transition
arca 632. The mitcrmediate pump delivery section 630 extends between the transition arca

25 632 and the transition area 618, The mtermediate pump delivery section 630 can have a
constant diameter D3, which may be between 0.02 and 0.03,” with a preferred value of
$.025”. The intermediate pump delivery section 630 has a length 1.3 which is between 30%
and 60% (c.g., 35%, 40%, 45%, 50%, 55%) of the length of the guidewire. In particular, D3
can be larger than any diameter of the backloading proximal section 640. The backloading

30 proximal section 640 has a constant diameter D4, which may be between ¢.0177 and 0.0197

with a preferred value of 0.0187. The backloading proximal section 640 can have a length F4

which is 40-75% (e.g., 45%, 50%, 55%, 60%, 65%, 75%; of the length of the guidewire. For

gxample, for a gindewire with a total length of 260mm, the backloading proxima section 640

has a length of at least 100mm.
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{8657} At least ong advantage of the diameter D4 of the backloading proximal section 640
being smaller than the diameter D3 of the intermediate purap delivery section 630 is
mecreased flexibility of the backloading proximal section 640. Another advantage is a

reduction m the overall weight of the guidewire. This reduction m weight is achieved

(]

because the backloading proximal section 640 is made lighter, and that backloading proximal
section accounts for a substantial portion of the overall length of the suidewire 600 {c.g,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more}. A lighter guidewire is casier
for physicians to msert into a patient and may also cause less damage when inserted into a
pump, such as the pump 101 of the blocd pump assembly 100
10 {60S8] The backloading proximal section 640 may end with the proximal tip 652, The
proximal tip 642 may be rounded and may be made with or coated with a diffcrent matenial
than a material of the backloading proximal section 640. For example a lubricating coating
or lubricated material can be used for the proximal tip 6532, This allows a physician to nsert
the proximal tip and the backloading proximal section of the guidewire more casily mto the
15 pump and the cannula. In tumn, these features can help reduce damage to the blades and
housing of the percutaneous pump the sudewire is being inserted into.
{0039  Figure 7 shows a lateral cross-section of a third dlustrative guidewire 700 according
to certain embodiments. The guidewire 700 mncludes a soft distal section 710, a distal tip
712, a coil wire 714, a core wire 716, a transition area 718, an intermediate pump delivery
20 section 730, a transition arca 732, a backloading proximal section 740, and a proximal tip
742. The guidewtire distal scction 710 extends between the transition arca 718 and the distal
tip 712, and 1s inserted first mto the patient. The soft distal section 710 can include a core
wire 716 with a diameter which decreases from the {ransition region to the distal tip 712, The
soft distal section 710 includes the coil wire 714 which is cotled around the core wire 716.
25 The gmdewire 700 further comprises, matead of the proxamal section 220 for example, two
sections, an intermediate pump delivery section 730 and a backloading proxamal section 740
The backloading proximal section 740 is coupled to the intermediate pump delivery section
730 by a transition arca 732. A matenial of the backloading proximal section 740 is different
than a material of the intermediate pump delivery section 730, The transition area 732 can be
30 aconical section with a first diameter equal to the diameter of the backloading proximal
section 740 and a second diameter equal to the diameter of the intermediate pump debivery
section. Alternatively, the transition 732 may be a weld. The transition 732 may be an
abrupt transition resulting from joining two sections of different flexabilities n a butt joint or

a stepped joini. Alternatively, the transition 732 can be gradual by employing a composite
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constraction such that the content of a more flexible material {¢.g., the main material of the
backloading proximal section 740} gradually displaces a stiffer material (e.g., the mamn
material of the iermediate pump delivery section 730). The usc of different matenials for
the backloadng proximal section 740 and the mtermediate pump delivery section 730 allows
one section to be optimized for msertion (e.g., the backloading proximal section 740} and
ancther 1o be optimized for pump debivery {¢.g., the mtermediate pump delivery section 730).
This may also reduce the guidewire’s weight, cost, or both.

18061} Figure & shows a lateral cross-section of a fourth dlustrative giadewire 800
according to certain embodiments. The guidewire 800 includes a soft distal section 810, a
distal tip 812, a coil wire 814, a core wire 816, a transition arca 818, an intcrmediate pump
delivery section 830, a transition area 832, a backloading proximal section 840, and a
proximal tip 842, The guidewire distal section 810, which 1s inserted first into the patient,
extends between the transition area 818 and the distal tip 812, The soft distal section 810 can
mclude a core wire 816 with a diameter which decreases from the transition region 838 to the
distal tip 812, The soft distal section 810 can also include a coll wire 814 which is cotled
around the core wire 816. The guidewire 800 further comprises, nstead of the proximal
section 220 for example, two sections, an intermediate pump delivery section 830, and a
backloading proxamal section 840 coupled to the intermediate pump delivery section 830 bv a
transttion area §32. The intermediate pump delivery section 830 can have a first structure
which s g core wire with a constant diameter. The backloading proximal section 840 can
have a second structure which includes a core wire 843, and a cotl wire 844. The core wire
816 can have a constant diameter. Alternatively, the core wirg 843 can be tapered to have a
first larger diameter adjacent to the transition arca 832, and a second smaller diameter
adjacent to the proximal tip 842, The coif wire 844 may be wrapped around the core wire
343, Simular to the core wire 843, the coil wire 844 may have a constant diameter, or may
have a diameter which decreases from transttion arca 832 to prosimal tip 842.

10661}  The coil wire 844 can impart resistance to radial deformation and can allow the
guidewire 800 to regain its original shape even aticr deformations that it may be subjected to
during placement or manipulation in the heart. The coil wire 344 may have anv number of
cross-sectional shapes meluding but not limited to round or rectangular cross-sections. The
coil wire 844 may also have varying axial density that varics the elasticity or flexibility of the
backloading proximal section 840,

[8862] Figures 9 and 10 are tables summarizing the dimensions and material properties of

exemplary embodiments of the guidewire shown in Figures 2 and 5-8.
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180631 Figure 9 shows a table imdicating diameter, length, function, materials and coating
for a related art guidewire {¢.g. guidewire 200 ip FIG. 2} and an improved guidewire with a
proximal section and a distal section (e.g. gmdewire in anv of FIGS. 5-8). Figure Y mdicates
that the outer diameter D1 of a related art guidewire 15 0.0257 which is the same as the outer
diameter D1 of the immproved guidewire distal section. In some embodiments the outer
diameter D1 of the improved guidewire distal section 15 0.0187. Figure 9 indicates that the
diameter of the improved guidewire proximal section D2 15 0.018.” in some cmbodiments
the diameter of the improved guidewire proximal section 1s 0.0147. The function of the
related art guidewire is both steering and guiding, whereas the tmproved guidewire proximal
section 18 used for steering and the improved guidewire distal section 1s used for guiding.
Figure 9 includes an exemplary list of matenals for both the related art guidewire and the
mmproved guidewire (proximal section and distal section}. For example, the related art
guidewire is generally made of stainiess steel. The improved guidewire proximal section
may be made of a stainless core wire with a coating, coil jacket or plastics tubing jacket.
Alternatively, the proximal section may be made of a Nitinol wire or plastics string. The
proximal section of the improved guidewire may be coated. Similarly, the distal section of an
improved guidewire may be made of a stainless core wire with a coating, cotls jacket or
plastics tube jacket. Aliernatively, the improved guidewire distal section may be made of
Nitinol wire.

{0064] Figure 10 shows force metrics for a related art guidewire proximal section (e.g. 220
m FIG. 2} with an outer diameter of 0.025” and for an improved guidewire proximal section
with an outer diameter of 0.018.” The maximum backloading force through the pump when
using the related art guidewire is 1.5 Newtons. This maximum backloading force is
significantly reduced to 0.3N with the improved proxumal guidewire. Furthermore, with the
mmproved guidewire, a maximum sliding force for the guidewire 1s reduced from 1 9N of
mitial resistance 1o a 0.7N stable sliding force.

10065)  Figure 11 shows a system 1100, with a percutaneous pump already backloaded ona
guidewire according to one of the tlustrative embodiments of FIGS. 5-8. The svstem 1100
melhudes a guidewire 1102, a pigtail 1104 and a cannula 1108, In the example of FIG. 11, the
system 1100 15 curved to follow the shape of the pulmonary valve (not shown}). Asa
physician backloads the pump and cannula 1108 onto the guidewire 1102, the guidewire 1102
passes through the pigtail 1104, through the cannula 1108, and in the gap located between the

blades and the housing of the pump.
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[8666] Figure 12 shows a method 1200 for inserting a percutancous pump according to
certain implementations. The method 1200 may be implemented to insert a percutancous
pump, ¢.2., pump 101, onto a guidewire including but not limited to the guidewires described
m any of the atorementioned implementations. The method 1200 may be implemented by
mserting a guidewire, previously positioned into the artery of a patient, into a cannula
through a distal end of the canmuila (step 1210}, the distal end of the cannula supporting the
percutancous pump. The method 1200 further includes pushing the guidewire through the
percutancous pump {step 1220}, The guidewire pushed through the percutancous pump
imchides a proximal section with a first stiffiiess and a first diameter, and a distal section
connected to the proximal section, the distal section with a second stiffoess and a second
diameter greater than the first diameter. The distal section of the guidewire is stiffer than the
proximal section to msert the cannula in a desired location without displacing the gindewire.
10667} At least one benefit of the method 1200 1s that ¢ reduces the number of insertions of
the guidewire into the patient, and minimizes the nisk of damage to the patient’s arterial
system. The method 1200 uses backloading of the goidewire to reduce the number of
msertions into the patient. Another benefit of the method 1200 is that it facilitates insertion of
the guidewire into a pump, such as the pump 101 of the blood pump assembly 100, This
reduces the risk of damage during imsertion.

[8868] In altemative embodiments, the percutancous pump may be backloaded on the
guidewire prior to the guidewire being positioned 1nside the artery of the patient. In
alternative embodiments, the percutancous pump may be backloaded on the guidewire before
the percutanecus pump is coupled to the cannula,

{8669} Vanations and modifications will occur to those of skill i the art afiter reviewing
this disclosure. For example, in some implementations, any of the aliemative crabodiments
described i FIGS. 3-8 may be combined. For example, the coil structure of the proximal end
of the guidewire in FIG. 7 may be combined with the different gundewire materials described
with respect to FIGS 5-6. In another example, the coil structure of the proximal end of the
guidewire in FIG. 7 mav be combined with a weld transition described m relation to FIG. 6.
The disclosed features may be mmplemented, in any combination and subcombination
{imcluding multiple dependent combinations and subcombinations), with one or more other
features descnbed herein. The various features described or illustrated above, including any
coraponents thereof, may be combined or integrated in other systems. Moreover, certain
features may be omitted or not mmplemented.

10670] It is important to note that the constructions and arrangements of apparatuses or
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the components thereof as shown in the various exemplary mmplementations are illustrative
only. Although only a few tmplementations have been described in detail in this disclosure.,
those skilled in the art who review this disclosure will readily appreciate that many
moditications are possible {¢.g., variations in sizes, dimensions, structures, shapes and
proportions of the various ¢lements, values of parameters, mounting arrangements, use of
materials, colors, origntations, ¢tc.) without materially departing from the novel teachings and
advantages of the subject matter disclosed. For cxample, clements shown as integrally
formed may be constracted of multiple parts or elements, the position of elements may be
reversed or otherwise varied, and the nature or number of discrete clements or positions may
be altered or varied. The order or sequence of any process or method steps may be varied or
re~-sequenced according to aliermative implementations. Other substitutions, modifications,
changes and omissions may also be made in the design, operating conditions and arrangement
of the various exemplary implementations withowt departing from the scope of the present
disclosure.

{8671} While various inventive implementations have been described and illustrated
herein, those of ordinary skill in the art will readily envision a variety of other mechanisms
and/or structures tor performing the function and/or obtaining the results and/or one or more
of the advantages described herein, and each of such vanations and/or modifications is
decmed to be within the scope of the tnventive implementations described herein. More
generally, those skilled in the art will readily appreciate that, unless otherwise noted, any
parameters, dimensions, materials, and configurations described herein are meant to be
exemplary and that the actual parameters, dimensions, materials, and/or configurations will
depend upon the specific application or applications for which the invendive teachings is/are
used. Those skilled v the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific inventive implementations
described herein. It 13, therefore, to be understood that the foregoing implementations arg
presented by way of example only and that, within the scope of the appended claims and
cquivalents thereto, inventive implementations may be practiced otherwise than as
specifically desenbed and claimed. Inventive implementations of the present disclosure are
directed to each individual feature, system, article, material, kit, and/or method described
herein. In addition, any combination of two or more such features, systems, articles,
materniais, kits, and/or methods, it such features, systems, articles, materials, kits, and/or
methods are not mutually inconsistent, is included within the inventive scope of the present

disclosure.
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{8672} For the purpose of this disclosure, the termed “coupled” means the joining of two
members directly or indirectly to one ancther. Such joining may be stationary or moveable in
nature. Such joining mayv be achieved with the two members or the two members and any
additional intermediate members being integraily formed as a single umitary body with one
anocther or within the two members of the two members and any additional intermediate
members being attached to one another. Such joining may be permanent in nature or may be
removable or releasable in nature.

18673} The indefimite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at ieast one.”
As used hercin in the specification and m the claims, “or” should be understood to have the
same meaning as “and/or” as defined above. For example, when separating items in a list,
“or” or “and/or” shall be interpreted as being inclusive, 1.¢., the inclusion of at least one, but
also inchiding more than one, of a number or hist of ¢lements, and, optionally, additional
undisted ttems. Ondy terms clearly indicated to the contrary, such as “only one of” or “exactly
one of” will refer to the inclusion of exactly one element of a number or List of elements. In
general, the term “or” as used herein shall only be interpreted as indicating exclusive
alternatives (1.e. “one or the other but not both”™) when preceded by terms of exclusivity, such
as “either,” “one of)” “only one of,” or “exactly one of”

{8874} In the claims, as well as n the specification above, all transitional phrases such as

>

“comprising,” “including,” “carrving,” “having,” “contaiming,” “involving,” “holding,”
“composed of,” and the like arc to be understood to be open-ended, 1.¢, to mean including
but

not limited to.

{8675} The claims should not be read as limited to the described order or elements unless
stated to that effect. It should be understood that vanous changes in torm and detail may be
made by one of ordinary skill in the art without departing from the spirit and scope of the
appended claims. All implementations that come within the spirif and scope of the following
claims and equivalents thereto are claimed.

{8676} Examples of changes, substitutions, and alterations are ascertainable by one skalled
i the art and could be made without departing from the scope of the mformation disclosed
herein. All references cited herein arg incorporated by reference in their entirety and made

part of this application.
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We claim:
1. A system for the msertion of a percutancous pump, the system comprising:
a percutancous pump;

a cannula with a cannula diameter, a proximal mlet, and a distal outlet with the

(]

percutaneous pump;

a guidewire with a proximal section with a first stiffness and having a first diameter,
and a distal section connected to the proximal section, the distal section with a second
stiffhess and having a second diameter greater than the first diameter,

wherein the distal section is stiffer than the proximal section to insert the cannula in a
10 desired location without displacing the guidewire,

2. The system of claim 1, wherein the proximal section uses a first material which is
softer than a material of the percutancous pump to reduce damage to the percutancous pump
during backloading of the cannula onto the guidewire.

3. The system of claim 1, wherein the proximal section is made of a first material with

the first stiffness and the distal section 1s made of a second matenal with the second stiffness.

4. The system of claim 1, wherein the proximal section is made of a first structure with

20 the first stiffness and the distal section 1s made of a second structure with the second stiffhess.

5. The system of claim 1, the guidewire further comprising a distal tip connected to a

distal end of the distal section
25 6. The system of claim 1, wherein the cannula has a three-dimensional shape with a first
S bend in a first plane, and a second § bend in a second plane which s different from the first

plane.

7. The system of claim 1, the proximal section having a rounded proximal end made of a

30 third matenal.

8. The system of claim 1, wherein a ratio of a diameter of the proximal section over a

diameter of the distal section 18 0.72.
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9. The system of claim 1, wherein the proximal section extends over 40 to 75% of a total

length of the guidewire.

10. A guidewire for backloading and mserting a percutaneous pump, the guwdewire
COmMprising:

a proximal section made of a first material, with a first diameter, a rounded proxamal end,
and a distal cnd;

a distal section made of a second matenal, with a second diameter which is greater than
the first diameter, a distal end, and a proximal end abutting the distal end of the proximal
section,

wherein the first matenial 18 selected to be softer than a matenal of the percutancous pump
to reduce damage o the pump duning backloading, and

wherein the distal section is configured to be stiffer than the proximal section to insert the

percutancous pump in a desired location without damaging the guidewire.

11. The guidewire of claim 11, wherein a stiffness of the second material is greater than a

stiffness of the first matenial.
12. The guidewire of claim 11, wherem the proximal section 1s made of a first structure
and has a first stiffness and the distal section s made of a second structure and has a second

stifthess.

13. The guidewire of claim 11, wherein the proximal section is coated but the distal

section is not coated.

14. The guidewire of claim 11, wherein a ratio of a diameter of the proximal section over

a diameter of the distal section is 0.72.

15, The guidewire of claim 11, wherem the proxamal section extends over 40 to 75% of a

total length of the guidewire.

16. The gwdewire of claim 11, the guidewire further comprising a distal fip connected to

a distal end of the distal section

~{G-
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17. The guidewire of claim 11, whereimn the rounded proximal end of the proximal section

1s made of a third material.

18. A method for mserting a percutancous pump, comprising:

(v

inserting a guidewire into a cannula through a distal end of the cannula, the distal end of
the cannula supporting the percutancous pump; and
pushing the guidewire through the percutaneous pump,
wherein the guidewire includes a proximal section with a first stiffness and a first
diameter, and a distal section connected to the proximal section, the distal section with a
10 second stiffness and a second diameter greater than the tirst diameter, and
wherein the distal section s stiffer than the proxamal section to insert the cannulain a

desired location without displacing the guidewire.
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