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Description

Related Application

[0001] This application claims the benefit of priority from U.S. Provisional Application
Serial No. 62/672,212 filed May 16, 2018, and claims the benefit of priority from U.S.
Provisional Application Serial No. 62/802,454 filed February 7, 2019.

Background

[0002] Mechanical circulatory support devices are often introduced to support the func-
tion of the heart after a patient suffers a cardiac episode. In some adaptations, a heart
pump is inserted through the patient vasculature and into the heart to assist in unload-
ing the heart. The pump may be configured to pull blood from the left ventricle of the
heart and expel it into the aorta; or to pull blood from the inferior vena cava (IVC), by-
pass the right atrium and right ventricle, and expel blood into the pulmonary artery.
Some systems operate the pump by an on-board motor, while others operate the pump
with an external motor. Still other systems use an extracorporeal pump with a long can-
nula that reaches through the patient vasculature and into the heart. Other systems use
pumps that do not go into the heart but remain in the aorta or other vessel.

[0003] A mechanical circulatory support device (e.g., an intracardiac heart pump as-
sembly), or other medical devices, can be introduced into a patient in various ways. A
common approach is to introduce through the vascular system either surgically or per-
cutaneously during a cardiac procedure. For example, a catheterization procedure may
be applied through the femoral artery using a sheath, such as a peel-away introducer
sheath. In another approach, the sheath can be inserted through axillary or subclavian
insertion sites. The sheath can alternatively be inserted in other locations, such as the
femoral vein or any path for delivery of a pump for supporting either the left or right side
of the heart.

[0004] The introducer sheath can be inserted into the femoral artery through an arteri-
otomy to create an insertion path for the pump assembly. A portion of the device is then
advanced through an inner lumen of the introducer sheath and into the artery. Once the
device (e.g., the pump assembly) has been inserted, the introducer sheath is peeled
away. A repositioning sheath can then be advanced, for example, over the pump as-
sembly and into the arteriotomy. Replacing the introducer sheath with the repositioning
sheath during insertion of a medical device can reduce limb ischemia and bleeding at
the insertion site in the skin (or at the insertion site within the vessel) due to the im-
proved fixation of the repositioning sheath to the patient when used with a hemostatic
valve.

[0005] Peel-away sheaths provide the advantage of creating vascular access and allow-
ing passage of a medical device with the option of removal of the sheath through the
peeling of the sheath into two sections, leaving the device in-dwelling. As referred to
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herein, a sheath can be an introducer sheath, a repositioning sheath, or any other peel-
away sheath used in conjunction with a vascular device.

[0006] A flexible and kink-resistant introducer sheath is desirable because of the bend-
ing forces the sheath experiences as it is introduced along an introduction path. The
path follows the sheath's axis through a surface arteriotomy, then through tissue and
then into a blood vessel. The path is at an angle relative to the surface of the patient's
skin at the insertion site. After reaching the blood vessel, the sheath then transitions to
align with the path of the blood vessel (e.g., femoral artery). The insertion angle may
vary based on the particular patient, procedure, and practitioner using the sheath. The
blood vessel axis may vary depending on the patient and the portion of the vasculature
into which the introducer sheath is being placed. The angle between the insertion axis
and vessel axis influences the risk of sheath kinking. The angle can range from about
15 degrees to about 75 degrees, depending on the patient and procedure location. The
higher this angle, the more likely an introducer sheath is to kink at the axial transition.
Due to any sheath having a finite length, higher insertion angles are typically required
for deeper vessels to keep a minimum desired portion of the introducer in the artery (2
cm - 5 cm). Clinicians using ultrasound typically use high insertion angles to aid in visu-
alization of the access needle, ultimately causing a high angle of insertion for the
sheath. Some femoral insertions suffer from kinking with obese patients because the
vessel is deeper with respect to the insertion point. Tortuosity, especially in the iliacs,
can also cause a sheath to kink. In particular, percutaneous axillary insertions, com-
pared with femoral insertions, are deeper and require higher insertion angles so as to
avoid hitting nerve bundles in the adjacent areas of the axillary insertion sites. There-
fore, introducer sheaths used during percutaneous axillary insertions, e.g. subclavian
percutaneous axillary insertions, can be more prone to kink during insertion.

[0007] Some techniques are known to improve kink resistance, such as adding struc-
tural reinforcement, as done for example in some catheters. However, structural rein-
forcements are normally not compatible with peel-away functionality. Preferred reinforc-
ing materials are generally materials with relatively high elastic moduli, or materials that
can lend to the structural reinforcement relatively high stiffnesses, e.g. metals. Due to
their material properties, these reinforcing materials also render peeling away of the de-
vice difficult or impossible. Polymer reinforcing layers are sometimes used as structural
reinforcements, but their ability to improve kink resistance and flexibility is limited due to
their inherent material properties. Polymers, and layers constructed from polymers have
much lower elastic moduli and stiffnesses, respectively, than do metals, for example.

[0008] Prior art is for instance disclosed in documents US5713867 A, US2007/167930
A1, US2010/268196 A1, US9937319 B1, EP0617977 A1, US2005/182387
A1, US2010/082000 A1 and US2017/238965 A1.

Summary

[0009] A peel-away sheath assembly for insertion of a blood pump according to the pre-
sent invention comprises the technical features as defined in independent claim 1. A
method for manufacturing the peel-away sheath assembly for insertion of a blood pump



10

15

20

25

30

35

40

45

DK/EP 3793633 T5

according to the present invention comprises the technical features as defined in inde-
pendent claim 14.

[0010] The systems, methods, and devices described herein provide a flexible intro-
ducer sheath with peel-away sheath functionality that has improved resistance to
kinking and improved flexibility for introducing a vascular device, such as an intracardiac
blood pump system or other mechanical circulatory support device, into patient vascula-
ture. An introducer sheath with such improved functionality can be achieved in various
ways, as disclosed herein. In general, the sheath has at least two sections of differing
rigidity, with one rigid section and at least one less rigid section. The improved sheath
allows for improved kink resistance. One example configuration having at least one
more rigid section and at least one less rigid section is a sheath with an inner layer, a
second reinforcing layer, and an outer layer. One implementation provides a multi-layer
sheath structure, including a reinforcing layer configured to have at least two discontinu-
ities along its length. A practitioner can then apply a peel-away force to the sheath and
split the sheath along the discontinuities of the reinforcing layer. One or more notches
may be included along the sheath, which can also help peel away the sheath. The one
or more notches extend from an outermost or innermost surface of the sheath body and
penetrate through some of the sheath layers. Notches can be configured as a succes-
sion of discrete notches or as a continuous peel-away line along a length of the sheath.
The alignment of the notches defines a peel-away line along which the practitioner
peels away the sheath. At least one advantage of notches is the ability to define lines
along which the sheath will peel away, and by aligning these lines with the discontinui-
ties of the reinforcing layer, the amount of force needed to peel away the sheath can be
reduced.

[0011] According to a first embodiment of the disclosure, a peel-away sheath assembly
for insertion of a blood pump comprises a peel-away sheath hub and a peel-away
sheath body. The peel-away sheath body has a proximal end portion, a distal end por-
tion, and a middle portion, the proximal end portion being connected to the peel-away
sheath hub. The peel-away sheath body further has an outer layer, an inner layer, and a
reinforcing layer located between the inner layer and the outer layer. The outer layer de-
fines an outer radius of the sheath, and the inner layer of the peel-away sheath body
defines a sheath lumen having an inner radius. The inner layer further comprises a
peel-away line. The peel-away line is configured as a radially extending notch, and the
notch extends continuously in the longitudinal direction so as to form a line extending
along the inner layer of the peel-away sheath body. The reinforcing layer is configured
as a hypotube having two longitudinally extending c-shaped halves, forming a circum-
ferential discontinuity. The reinforcing hypotube has a rigidity that is greater than at least
one of a rigidity of the inner layer and a rigidity of the outer layer. The reinforcing hypo-
tube extends along the middle portion of the peel-away sheath body, but does not ex-
tend into the distal end portion. The reinforcing layer may extend into the proximal end
portion. Within the proximal end portion of the peel-away sheath body, the reinforcing
layer extends proximally past a distal end of the peel-away sheath hub and terminates
within the peel-away sheath hub. In some implementations, the reinforcing layer ex-
tends about 2 centimeters proximally past a distal end of the peel-away sheath hub. The
specific longitudinal point at which the distal end of the peel-away sheath hub termi-
nates is selected in order to lend to the peel-away sheath body a desired kink re-
sistance and flexibility along the length of the peel-away sheath body. The distal end



10

15

20

25

30

35

40

45

DK/EP 3793633 T5

portion of the peel-away sheath body may comprise a tapered tip, designed to reduce
trauma to the vasculature upon insertion of the peel-away sheath body into the patient.

[0012] According to another embodiment of the present disclosure, a peel-away sheath
assembly includes a peel-away sheath hub and a peel-away sheath body. The peel-
away sheath body has a proximal end portion that is connected to the peel-away sheath
hub, and a distal end portion, together defining a first lumen extending in a longitudinal
direction. In some configurations, the distal end portion and the proximal end portion
comprise different materials. For example, the distal end portion may have an inner
PEBAX layer, a stainless steel reinforcing layer, and a TPU outer layer. The proximal
end portion may have an inner PEBAX layer and an outer TPU layer. Additionally, the
inner layer materials may be different in the distal and proximal end portions. For exam-
ple, the inner layer of the distal end portion may comprise PEBAX while the inner layer
of the proximal end portion may comprise TPU, or vice versa. Similarly, the outer layer
materials may be different in the distal and proximal end portions. For example, the
outer layer of the distal end portion may comprise PEBAX while the inner layer of the
proximal end portion may comprise TPU, or vice versa. In some implementations, the
reinforcing layer is constructed of a different material between the distal and proximal
layers. For example, the reinforcing layer may be stainless steel in the distal portion and
may be Nitinol in the proximal portion. The proximal end portion can have an inner di-
ameter that is equivalent to an inner diameter of the distal end portion.

[0013] According to another embodiment of the present disclosure, the peel-away
sheath body has a proximal end portion, a middle portion containing a reinforcing layer,
and a distal end portion. The proximal end portion is connected to the peel-away sheath
hub. The proximal end portion, middle portion, and distal end portion define a first lumen
extending in a longitudinal direction. In some implementations, the reinforcing layer
does not extend into the proximal end portion, and does not extend into the distal end
portion. For example, the distal end portion comprises an inner polymer layer and an
outer polymer layer, the middle portion comprises an inner polymer layer, a reinforcing
layer, and an outer polymer layer, and the proximal end portion comprises an inner pol-
ymer layer and an outer polymer layer. For example, the distal end portion may com-
prise an inner PEBAX layer and an outer TPU layer, the middle portion may comprise
an inner PEBAX layer, a stainless steel reinforcing layer, and an outer TPU layer, and
the outer proximal end portion may comprise an inner PEBAX layer and an outer TPU
layer. In some implementations, the stainless steel comprises SAE 304 stainless steel.
In further implementations, the PEBAX layer comprises at least one of PEBAX 3533-
7233. In some implementations, the reinforcing layer extends into the proximal end por-
tion. In other implementations, the reinforcing layer extends into the distal end portion.
In some implementations, the reinforcing layer extends into both the distal and proximal
end portions. In some implementations, the inner diameter of the peel-away sheath
body is substantially constant throughout its length. In other implementations, a proxi-
mal end portion of the peel-away sheath body can have an outer diameter that is less
than an outer diameter of a distal end portion. One advantage of a configuration having
a proximal end portion with a decreased outer diameter is that an operator may apply a
smaller force to break the peel-away sheath hub, as there is less material to break
through.
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[0014] In some configurations, the peel-away sheath body comprises an inner layer lo-
cated at an inner radius, an outer layer located at an outer radius, and a reinforcing
layer located at a radius between the inner radius and the outer radius. In certain imple-
mentations, there is a hydrophilic coating over at least a portion of the outer layer. In
some implementations, the portion of the outer layer over which the hydrophilic coating
is placed extends from the distal end of the peel-away sheath body to between about 5
centimeters and about 2 centimeters distal of the proximal end of the peel-away sheath
body. In other implementations, the portion of the outer layer over which the hydrophilic
coating is placed extends from the distal end of the peel-away sheath body to between
about 4 centimeters and about 3 centimeters distal of the proximal end of the sheath
body. In further implementations, the portion of the outer layer over which the hydro-
philic coating is placed extends from the distal end of the peel-away sheath body to
about 3.5 centimeters distal of the proximal end of the peel-away sheath body. The hy-
drophilic coating facilitates the insertion of the peel-away sheath body into the vascula-
ture of a patient. As coating the entire length of the peel-away sheath body with the hy-
drophilic coating can cause the peel-away sheath body to be dislodged from the aorta
due to the arterial pressure acting on the peel-away sheath body, the proximal end por-
tion of the peel-away sheath body is generally configured to lack the hydrophilic coating.

[0015] In some configurations, the distal and proximal end portions may comprise the
same materials in the same layers. For example, the inner layer of both the distal end
portion and the proximal end portion may comprise PEBAX, while the outer layer of both
the distal end portion and the proximal end portion may comprise TPU. In further imple-
mentations, the middle portion comprises different materials than do the distal end por-
tion and the proximal end portion. In some implementations, there is only a reinforcing
layer in the middle portion of the peel-away sheath body, while there is no reinforcing
layer in the distal and proximal end portions of the peel-away sheath body. For exam-
ple, the distal and proximal end portions may have an inner PEBAX layer and an outer
TPU layer, while the middle portion may have an inner PEBAX layer, a stainless steel
reinforcing layer, and an outer TPU layer. One advantage of a configuration having a re-
inforcing layer only in the middle portion of the peel-away sheath body is the relative
ease of manufacture compared to configurations having a reinforcing layer throughout
the entire length of the peel-away sheath body. The absence of a reinforcing layer in the
distal end portion of the peel-away sheath body allows for easier formation of a tapered
distal tip, as the absence of the reinforcing layer allows the inner and outer layers to re-
flow. The reflow of the polymer layers provides the peel-away sheath body with an in-
creased ability to accommodate stresses while the peel-away sheath body is bent upon
introduction to or navigation through the vasculature of a patient. The reflow process
may generally be controlled by melting the materials at different temperatures and by
implementing different process set points. Additionally, the absence of a reinforcing
layer in the proximal end portion of the peel-away sheath body helps to stabilize the in-
jection molding process, allowing the polymer layers of the peel-away sheath body to
mold to the peel-away sheath hub with consistent properties.

[0016] A Iength of the peel-away sheath body through which the reinforcing layer ex-
tends can be adjusted in order to prevent kinking along certain portions of the peel-
away sheath body. For example, in some implementations, the reinforcing layer is ab-
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sent in the distal end portion while it is present in the middle portion. In such implemen-
tations, the reinforcing layer may extend over a variable length of the proximal end por-
tion of the peel-away sheath body. For example, the proximal end of the reinforcing
layer may terminate at the same longitudinal point at which the distal end of the sheath
hub terminates. In other implementations, the reinforcing layer may extend proximally
past a distal end of the peel-away sheath hub. In some implementations, the reinforcing
layer extends about 2 centimeters proximally past the distal end of the peel-away
sheath hub. In other implementations, the reinforcing layer extends about 1 centimeter
proximally past the distal end of the peel-away sheath hub. The specific point at which
the reinforcing layer terminates can be selected to adjusted the kink resistance of the
sheath body along the length of the peel-away sheath body. The distal end portion of
the peel-away sheath body may comprise a tapered tip, designed to reduce trauma to
the vasculature upon insertion of the peel-away sheath body into the patient.

[0017] The reinforcing layer has material properties that advantageously lend to the
peel-away sheath assembly improved kink resistance. For example, one such physical
property of the reinforcing layer is its rigidity, which is greater than a rigidity of the inner
or outer layers. Stiffness is defined herein as the property of a material, measured for
example by Young's Modulus or an elastic modulus, whereas rigidity is defined herein
as the ability of an element (e.g. a sheath) to resist deformation. As an example, the
elastic modulus of the reinforcing layer is the elastic modulus of the material of the rein-
forcing layer, which is higher than an elastic modulus of the materials of the inner or
outer layer materials. In some implementations, the stiffness of the reinforcing layer ma-
terial is greater than the that of either the inner or outer layer materials. In some configu-
rations, the stiffness of the reinforcing layer material is between about 18 and about
12,000 times that of either the inner or outer layer materials. In other configurations, the
stiffness of the reinforcing layer material is between about 100 and about 9,000 times
that of the inner or outer layer materials. In other implementations, the stiffness of the
reinforcing layer materials is between about 75 and about 100 times that of the inner or
outer layer materials. In further implementations, the stiffness of the reinforcing layer
material is between about 400 and about 500 times that of the inner or outer layer mate-
rials. In certain configurations, the stiffness of the reinforcing layer material is between
about 1,000 and about 7,000 times that of the inner out outer layer materials. In further
configurations, the stiffness of the reinforcing layer material is about 4,000 times that of
either the inner or outer layer materials. In some implementations, the selected geome-
try and thickness of the reinforcing layer, along with the thicknesses of the inner and
outer layers, can cause variations in the relative rigidities of the reinforcing, inner, and
outer layers.

[0018] In some configurations, a material of the reinforcing layer can be LCP, PEBAX,
stainless steel, Nitinol, or Kevlar. The inner layer material and the outer layer material
are thermoplastics. For example, the inner layer material and the outer layer material
can be PEBAX or TPU. The thickness of the inner layer can be between about 0.001
inches (1 inch = 2.54 cm.) and about 0.015 inches. Further, the thickness of the outer
layer can be between about 0.001 inches and about 0.015 inches. The total wall thick-
ness of the implementation is less than or equal to about 0.016 inches.

[0019] The reinforcing layer advantageously provides kink resistance while also ena-
bling the peel-away functionality of the peel-away sheath assembly. The reinforcing
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layer includes at least two discontinuities on its surface. For example, the discontinuities
are slits or openings in the surface of the reinforcing layer. Different configurations of
the slits or openings can be applied along the surface of the reinforcing layer to adjust
the flexibility and kink resistance of the peel-away sheath assembly. In some implemen-
tations, at least two discontinuities are oriented in a direction perpendicular to the longi-
tudinal axis of the peel-away sheath body on the reinforcing layer surface. This align-
ment advantageously creates a line along a length of the peel-away sheath body that is
structurally weaker than the remainder of the peel-away sheath body, requiring less
force to peel-away the peel-away sheath assembly along this line.

[0020] In some implementations, the reinforcing layer is a hypotube. The hypotube is
laser cut and electropolished to dull any sharp edges left by the laser-cutting. The laser
cutting leaves at least two discontinuities along the surface of the hypotube. In other im-
plementations, the reinforcing layer is a braided filament or a coiled filament. In these
implementations, the braid or coil is inherently configured with discontinuities along its
surface. In further implementations, the hypotube is configured in two c-shaped halves
that extend longitudinally along a length of the sheath body.

[0021] The length of discontinuities in the reinforcing layer is sized along the circumfer-
ence of the sheath to balance different mechanical properties of the sheath. The circum-
ferential length of the discontinuities must be large enough to allow notch manufacture.
For example, the discontinuities must be large enough to accommodate one of the man-
drel protrusions so the notch can be manufactured. At the same time, that circumferen-
tial length of the discontinuity must be small enough such that the sheath resists buck-
ling or kinking during insertion. As such, there is a critical size of the circumferential dis-
continuities, also called a critical gap width, as only within a range of discontinuity length
does the sheath retain all of the above advantageous properties. In some implementa-
tions, the critical gap width may range between about 0.1 and about 1.5 millimeters.

[0022] In further implementations, a series of discontinuities is configured along the sur-
face of the reinforcing layer. In some implementations, the discontinuities are parallel to
each other. In some implementations, the discontinuities lie at varying angles with re-
spect to the surface of the reinforcing layer, such that the discontinuities are not parallel
or evenly spaced. In some implementations, each discontinuity has the same length
along the circumference of the sheath. Alternatively, discontinuities can have a variable
length along the circumference of the peel-away sheath body. In some implementations,
the discontinuities are evenly spaced along a length of the peel-away sheath body. In
other examples, the discontinuities are variably spaced along the length of the reinforc-
ing layer, to vary properties of the peel-away sheath assembly along a length of the
peel-away sheath body. For example, the distance between two consecutive discontinu-
ities may be smaller in the proximal end portion of the peel-away sheath body, such that
the proximal end portion of the peel-away sheath body has a higher flexibility relative to
the distal end portion of the peel-away sheath body. In other examples, the distance be-
tween the two consecutive discontinuities may be larger in the proximal and distal end
portions of the peel-away sheath body, and smaller towards the middle of the length of
the peel-away sheath body. In such examples, the distal and proximal end portions of
the peel-away sheath body have increased kink resistance relative to the middle of the
length of the peel-away sheath body, and the middle of the length of the peel-away
sheath body has increased flexibility relative to the distal and proximal end portions of
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the peel-away sheath body. In other examples, the discontinuities lie on the surface of
the reinforcing layer at an angle, such that the surface cross-section of the sheath pass-
ing through the slit is elliptical. Varying discontinuity configurations along the surface of
the reinforcing layer lend to the sheath different flexibilities and kink resistances. Addi-
tionally, different discontinuity configurations can accommodate different peel-away
lines on the peel-away sheath body.

[0023] The discontinuities may comprise a first set and a second set of discontinuities,
wherein each discontinuity in each set of discontinuities has a center. The centers of the
first set of discontinuities define a first discontinuity axis, and the centers of the second
set of discontinuities define a second discontinuity axis. The first discontinuity axis and
the second discontinuity axis may be offset by an angle along the circumference of the
reinforcing layer. The angle by which the first and second discontinuity axes are offset
may range from about 0 degrees to about 180 degrees. In some configurations, the dis-
continuities can be slits that extended along a circumference of the reinforcing layer.
Depending on the number of discontinuities at a given longitudinal location on the
sheath, the reinforcing layer comprises a plurality of arc-shaped segments separated by
discontinuities. In certain implementations, the arc-shaped segments are two c-shaped
halves.

[0024] In addition to the circumferential discontinuities, the reinforcing layer may have a
series of openings extending around the circumference of the reinforcing layer. The
openings may be circular, elliptical, rhromboidal, or, generally, any other shape that al-
lows for the reflow of the inner and outer layers through the openings. The openings
may form a ring around the circumference of the reinforcing layer at a fixed longitudinal
point. In some implementations, there is a ring of openings around the circumference of
the hypotube at regular intervals along the length of the hypotube. For example, there
may be a ring of openings every 1.2 inches (1 inch = 2.54 cm.) along the length of the
reinforcing layer. In other implementations, the ring of openings may extend around the
circumference of the reinforcing layer every 0.6 inches along the length of the reinforc-
ing layer. In certain implementations, the ring of openings may extend around the cir-
cumference of the reinforcing layer every 0.75 inches along the length of the reinforcing
layer. In further implementations, the ring of openings may extend around the circumfer-
ence of the reinforcing layer every 1.05 inches along the length of the reinforcing layer.
In other implementations, the ring of openings may extend around the circumference of
the reinforcing layer every 0.9 inches along the length of the reinforcing layer. Each
opening in each ring of openings may have a range of surface areas. For example, in
some implementations, each opening has a surface area of between about 5 and about
25 square millimeters. In other implementations, the surface area of each opening is be-
tween about 10 and about 20 square millimeters. In certain implementations, the sur-
face area of each opening is about 15 square millimeters. At least one advantage of the
incorporation of the circumferentially extending series of openings along the length of
the reinforcing layer allows reflow of the inner and outer layers through the openings,
providing greater adherence of the inner and outer layers to each other.

[0025] As noted above, the reinforcing layer can be formed of a hypotube, a braided fil-
ament, or a coiled filament. In one implementation where the reinforcing layer is formed
of a braided filament, the braided filament has a flat cross-section with a height between
about 0.0005 inches (1 inch = 2.54 cm.) and about 0.007 inches and a width between
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about 0.005 inches and about 0.060 inches. The braided filament can alternatively have
a round cross-section with a diameter between about 0.0005 inches and about 0.007
inches. The braided filament can comprise multiple strands, and the braided filament
can have a picks-per-inch (PPI) between about 7 and about 60. In another implementa-
tion where the reinforcing layer is formed of a coiled filament, the coiled filament has a
flat cross-section with a height between about 0.0005 inches and about 0.007 inches
and a width between about 0.005 inches and about 0.060 inches. The coiled filament
can alternatively have a round cross-section with a diameter between about 0.0005
inches and about 0.007 inches. The coiled filament can comprise multiple strands, and
the coiled filament can have a wraps-per-inch (WPI) of about 16 to about 75. At least
one advantage of a reinforcing layer formed of a coiled or braided filament is the pres-
ence of gaps between each wrap or weave of the filament, which (similar to discontinui-
ties of a hypotube reinforcing layer) reduces the amount of force needed to peel-away
the reinforcing layer and the sheath as a whole. Further, larger gaps between each
wrap or weave of the filament allow for greater sheath flexibility. At least one advantage
of the braided or coiled filament is the ability to adjust a size of the gaps, i.e. select a
wraps-per-inch, or a size of the gaps between the braid filaments, for different applica-
tions while being able to use the same manufacturing process for the reinforcing layer.

[0026] The rigidity or flexibility of the peel-away sheath assembly may be adjusted
based on the incorporation of the reinforcing layer in all or some parts of the peel-away
sheath body. In some implementations, the reinforcing layer comprises circumferential
discontinuities, which may be slits or openings, along its surface. For example, in some
implementations, there is no reinforcing layer in a portion of the peel-away sheath body
but, instead, the peel-away sheath body relies on partial reinforcement in select areas
along its length for its kink resistance. Some implementations have a less rigid distal
sheath (e.g., with no distal reinforcing layer) with a more rigid proximal or mid sheath
(e.g., with a reinforcing layer). Other implementations have a less rigid proximal sheath
(e.g., with no proximal reinforcing layer) with a more rigid distal or mid sheath (e.g., with
a reinforcing layer). For example, the distal end portion of the peel-away sheath body
may be designed with no reinforcing layer while the proximal or middle sections would
have a reinforcing layer. At least one advantage of the absence of a reinforcing layer in
the distal section of the peel-away sheath body is that it allows for the easier formation
of a tapered tip, as the inner and outer layers can reflow more easily without the inclu-
sion of the reinforcing layer. In other examples, the proximal end portion has three lay-
ers including a reinforcing layer, while the distal end portion has only an inner layer of a
first layer material and an outer layer of an outer layer material. The inner layer material
and the outer layer material can be at least one of PEBAX or TPU. In some implementa-
tions where the distal end portion lacks a reinforcing layer, the inner layer and the outer
layer comprise the same inner and outer material. However, the inner and outer layers
can also be of different materials. For example, the inner layer can be PEBAX and the
outer layer can be TPU. In other implementations, there is no reinforcing layer in the
proximal end portion of the sheath but it is included in the middle, distal end portion, or
both. In further implementations, there is no reinforcing layer in a middle portion of the
sheath, but such a layer is included in the proximal end portion, distal end portion or
both. In further implementations, the reinforcing layer is present in alternating segments
of the sheath. At least one advantage of a partial reinforcing layer is that the sheath can
have different rigidities along its length, e.g., in its proximal and distal end portions, to
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help with sheath insertion. For example, a lower rigidity in the distal end portion advan-
tageously minimizes trauma to the vasculature. As another example, a higher rigidity in
the proximal end portion advantageously preserves kink resistance for the peel-away
sheath body by varying the rigidity. Varying the stiffness of the materials of the layers of
the peel-away sheath body, and in turn varying the rigidity of portions of the peel-away
sheath body can change the rigidity of the peel-away sheath assembly as a whole, for
example to facilitate kink resistance.

[0027] As discussed previously, a length of the peel-away sheath body through which
the reinforcing layer extends can be adjusted in order to prevent kinking along certain
portions of the peel-away sheath assembly. For example, in some implementations, the
reinforcing layer is absent in the distal end portion while it is present in the middle por-
tion. In such implementations, the reinforcing layer may extend into the proximal end
portion over a variable length. For example, the proximal end of the reinforcing layer
may terminate at the same longitudinal point at which the sheath hub terminates. In
other implementations, the proximal end of the reinforcing layer may extend proximally
of the distal end of the peel-away sheath hub. For example, the reinforcing layer may
terminate between about 0 centimeters proximal and about 2 centimeters proximal the
distal end of the peel-away sheath hub. The specific distance between the point at
which the reinforcing layer terminates and the point at which the peel-away sheath hub
terminates can be selected to yield a specific kink resistance between those two points
along the length of the peel-away sheath body.

[0028] The kink-resistant peel-away sheath body is also configured to have a peel-away
line extending along its length, the peel-away line being aligned with one or more dis-
continuities in the reinforcing layer of the peel-away sheath body. Alignment can be
achieved longitudinally along the peel-away sheath body, for example, by positioning
the discontinuity at the same circumferential position as the peel-away line. Aligning the
peel-away line of the peel-away sheath body with the at least one circumferential dis-
continuity in the reinforcing layer allows the peel-away sheath body to be more easily
peeled away. In some adaptations, the peel-away sheath body peels away without
breaking through the reinforcing layer along the entire length of the peel-away sheath
body. For example, in implementations having a reinforcing layer only in the distal end
portion of the peel-away sheath body, the operator initiates the removal of the peel-
away sheath assembly in the proximal end portion by breaking through the inner and
outer layers. In implementations having a reinforcing layer only in the proximal end por-
tion of the peel-away sheath body, the operator initiates the removal of the sheath in the
proximal end portion by breaking through the reinforcing layer, and then breaks through
only the inner and outer layers while separating the distal end portion of the peel-away
sheath body.

[0029] The peel-away sheath hub is configured to provide handles for the operator to
hold the peel-away sheath assembly. Additionally, the operator initiates the peeling-
away of the peel-away sheath assembly from the peel-away sheath hub. In some de-
signs, the peel-away sheath hub has a proximal conical portion and a distal cylindrical
portion. The proximal conical portion may have a proximal discontinuity, and the distal
cylindrical portion may have a distal discontinuity. In some implementations, the first
and second discontinuities are circumferential discontinuities. The discontinuities are
aligned with each other, and the distal end of the distal circumferential discontinuity
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abuts a proximal end of the at least one peel-away line extending along the length of the
peel-away sheath body. At least one advantage of this alignment is to facilitate the re-
moval of the peel-away hub along with the peel-away sheath body by reducing the force
required to peel-away the peel-away sheath assembly, thereby ensuring that the opera-
tor need not break through the reinforcing layer.

[0030] In further implementations, the distal end portion of the peel-away sheath as-
sembly is configured to have at least a pair of diametrically opposed notches along its
length, the notches extending through an inner surface or outer surface of the peel-
away sheath body, providing peel-away functionality. Where a reinforcing layer is pre-
sent, the notches are aligned with discontinuities of the reinforcing layer, such that at a
given longitudinal point along the length of the peel-away sheath body, there is a notch
located at the same circumferential position as the discontinuity. At least some ad-
vantages of alignment between the notches and the discontinuity of the reinforcing layer
are the ability to define peel-away lines and to reduce the amount of force required to
peel-away the peel-away sheath body, thereby allowing the operator to peel away the
peel-away sheath assembly. In some adaptations the peel-away occurs without break-
ing through the reinforcing layer. In some implementations, the notches are inner diam-
eter notches that extend from an innermost surface of the inner layer through the rein-
forcing layer. In further implementations, the inner diameter notches terminate before
the outer layer. In other implementations, the inner diameter notches terminate within
the outer layer. In other implementations, the notches are outer diameter notches that
extend from an outermost surface of the outermost layer through the reinforcing layer.
In further implementations, the outer diameter notches terminate before the inner layer.
In other implementations, the outer diameter notches terminate within the inner layer. In
implementations having diametrically opposed notches, the notches define a pair of dia-
metrically opposed peel-away lines on the surface of the peel-away sheath body, where
each pair of peel-away lines extends along a length of the peel-away sheath body, and
the peel-away sheath assembly can be separated along the peel-away lines. In some
implementations, the peel-away lines run along an inner surface of the peel-away
sheath body. In other implementations, the peel-away lines run along an outer surface.
Notches can help reduce the amount of force required to peel-away the peel-away
sheath assembly. As mentioned above, the notches can also help align the peel-away
lines with a discontinuity of the reinforcing layer, for improved peel-away functionality.

[0031] Another embodiment provides a peel-away sheath assembly for insertion of a
blood pump. The peel-away sheath assembly has a peel-away sheath hub and a peel-
away sheath body, the peel-away sheath body having a proximal end portion that is
connected to the peel-away sheath hub, and a distal end portion. The peel-away sheath
body defines a first lumen extending in a longitudinal direction. The peel-away sheath
body further comprises an inner layer located at an inner radius, an outer layer located
at an outer radius, and a reinforcing layer located at a radius between the inner radius
and the outer radius. In certain implementations, there is a hydrophilic coating over at
least a portion of the outer layer. In some implementations, the portion of the outer layer
over which the hydrophilic coating is placed extends from the distal end of the peel-
away sheath body to between about 5 centimeters and about 2 centimeters distal of the
proximal end portion of the peel-away sheath body. In other implementations, the por-
tion of the outer layer over which the hydrophilic coating is placed extends from the dis-
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tal end of the sheath body to between about 4 centimeters and about 3 centimeters dis-
tal of the proximal end of the sheath body. In further implementations, the portion of the
outer layer over which the hydrophilic coating is placed extends from the distal end of
the sheath body to about 3.5 centimeters distal of the proximal end of the sheath body.
The hydrophilic coating facilitates the insertion of the sheath body into the vasculature
of a patient. As coating the entire length of the sheath body with the hydrophilic coating
can cause the sheath body to be dislodged from the aorta due to the arterial pressure
acting on the sheath body, a portion of the sheath body is generally configured to lack
the hydrophilic coating. The sheath body of the present implementation further com-
prises at least one pair of diametrically opposed notches, which extend through at least
one of the inner layer or the outer layer.

[0032] In further implementations, the diametrically opposed notches can be inner diam-
eter notches, extending from an inner surface or the inner layer, through the reinforcing
layer, and terminating before or within the outer layer. At least one advantage of inner
diameter notches is their relative ease of manufacture compared to the outer diameter
notches. Additionally, the notches can be outer diameter notches, extending from an
outer surface of the outer layer, through the reinforcing layer, and terminating before or
within the inner layer. At least one advantage of outer diameter notches is the relative
ease with which they facilitate the peeling-away of the sheath compared to inner diame-
ter notches.

[0033] The peel-away sheath body may additionally have at least one pair of diametri-
cally opposed inner notches extending through the inner layer. In some implementa-
tions, the inner notches terminate before the outer layer. In other implementations,
these notches terminate within the outer layer. The peel-away sheath body further com-
prises at least a pair of diametrically opposed outer notches extending through the outer
layer. In some implementations, the outer notches terminate before the inner layer. In
other implementations, the notches terminate within the inner layer. As mentioned
above, the notches help align the peel-away lines with a discontinuity of the reinforcing
layer. The specific notch configuration used, particularly whether inner or outer diameter
notches are used and where along the length of the sheath each notch ends, can be se-
lected based on the geometry of the reinforcing layer to obtain the desired peel-away
sheath assembly flexibility and kink resistance

[0034] In some implementations, inner notches extend along a first segment of the peel-
away sheath body, and outer notches extend along a second segment of the peel-away
sheath body. In some implementations, the first segment and the second segment par-
tially overlap in a longitudinal direction. The overlapping segment may serve as a transi-
tion region between the first and second peel-away sheath body segments. In other im-
plementations, the first segment and the second segment fully overlap in a longitudinal
direction. In some implementations, the first segment corresponds to the proximal end
portion of the peel-away sheath body, and the second segment corresponds to the dis-
tal end portion of the peel-away sheath body. In some implementations, the first seg-
ment extends along the entire length of the peel-away sheath body. An advantage of
having inner diameter notches is that they allow for over-molding on the hub by allowing
the polymer layers of the sheath body to reflow during the injection molding process
without the heat transfer causing the sheath layers to melt and seal the notches. At
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least one advantage of the outer diameter notches is that they accommodate a large va-
riety of reinforcing layers. At least one advantage of using outer diameter notches is an
improved ease of manufacture, because outer diameter notches can be used in con-
junction with different hypotube geometries, different braided filament geometries, and
different coiled filament geometries. As discussed below with respect to Figure 14, after
assembly of the various layers, an operator can select a position of outer diameter
notches depending on the geometry of the reinforcing layer.

[0035] Also disclosed are methods of manufacturing the claimed peel-away sheath as-
sembly, the peel-away sheath assembly comprising a peel-away sheath body and a
peel-away sheath hub. The layers of the multi-layer peel-away sheath assembly can be
heat-shrunk in one step, or layer by layer. The first step of an exemplary method com-
prises coating a mandrel with a first layer of a first material. After coating the mandrel
with the first layer, an operator heat-shrinks the first layer of the first material. In the third
step, an operator coats the heat-shrunk first layer with a second layer of a reinforcing
layer material. The operator then coats the second layer of the second material with an
outermost third layer of a third material. The third step involves coating this heat-shrunk
first layer with a second layer of a second material and an outermost third layer of a
third material, where the second layer is a reinforcing layer. Finally, all the layers are
heat-shrunk together, yielding the final peel-away sheath assembly. In some implemen-
tations, a PTFE heat shrink is used to heat-shrink the layers. In implementations with
notches, inner notches are manufactured using a mandrel with a radial protrusion,
whereas outer notches are manufactured by laser-cutting or pressing a mandrel with a
radial protrusion on the outer surface of the sheath.

[0036] The peel-away sheath hub is manufactured by injection molding, wherein the
peel-away sheath hub material is positioned in a mold with at least two inserts. In some
implementations, the peel-away sheath hub has a proximal conical section and a distal
cylindrical section. The proximal conical section and the distal cylindrical section each
comprise a discontinuity, which in some implementations is a circumferential discontinu
ity. After the peel-away sheath hub is molded and fused to the peel-away sheath body,
the inserts are removed, leaving a negative space in the shape of the inserts. The
space left by the removal of the inserts creates a discontinuity along the length of the
peel-away sheath hub in the longitudinal direction. The discontinuities can be aligned
with one another and with the peel-away lines on the sheath body to facilitate the peel-
ing-away of the peel-away sheath body. The peel-away sheath hub can be fused to the
peel-away sheath body with the circumferential discontinuities aligned to the peel-away
lines in the peel-away sheath body.

[0037] According to an additional implementation of the present disclosure, there is pro-
vided a sheath body including a first strip of a first material, a second strip of a second
material, and a lumen defined by the first strip and the second strip. The first material
can have a first rigidity and the second material can have a second rigidity that is differ-
ent (e.g. lower) than the first rigidity. The first strip and the second strip are oriented ad-
jacently, for example in a helix extending from a distal end to a proximal end of the
sheath body. The helical or spiral structure and the alternating first and second strips of
varying rigidities improves flexibility by requiring a lower force to be applied to be able to
bend the introducer sheath. It also improves kink resistance by increasing the ability of
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the introducer sheath to strain in the flexible sections in compression along the inner di-
ameter of a bend radius and in tension along the outer diameter of a bend radius and by
increasing the collapse strength of the diameter due to the more rigid sections. Im-
proved flexibility and increased kink resistance are beneficial for procedures with high
insertion angles, e.g. procedures using percutaneous axillary insertions.

[0038] In one implementation, the first strip and the second strip are not cut perpendicu-
lar to an orientation of the first strip and the second strip. At least one advantage of this
configuration is to obtain a sheath with material properties, which are a composite of the
material properties of each strip, without requiring a reinforcing coil or braid to surround
the sheath. In particular, this configuration yields a sheath with composite material prop-
erties adapted to increase flexibility (e.g. bending) while minimizing kinking.

[0039] In some implementations, the first material is a polyether block amide (PEBA) or
a polyethylene, and the second material is a PEBA or a thermoplastic elastomer.

[0040] In certain implementations, the first strip and the second strip have the same
width. In some implementations, the widths of the first strip and the second strip are 1
mm. According to other implementations, the first strip and the second strip have differ-
ent widths. In some implementations, the width of the first strip is 3 mm and the width of
the second strip is 1 mm. At least one advantage of varying the widths of each of the
first and second strip is to vary the composite properties of the sheath to obtain the de-
sired rigidity and bending stiffness properties for a particular introducer sheath.

[0041] In some implementations, the sheath body includes a wall having a thickness
and a first notch and a second notch in the wall. The first notch and a second notch can
be axially aligned along a length of the sheath body and can be oriented opposite each
other. In certain implementations, the first notch and a second notch are on an inner
surface of the sheath body. According to other implementations, the first notch and a
second notch are on an outer surface of the sheath body. According to certain imple-
mentations, the sheath body is bisected along the first notch and the second notch dur-
ing a peel-away of the sheath body. At least one advantage of the notches is to improve
the ease of peeling away the sheath body when the split line passes through both first
and second strips of materials with different thicknesses.

[0042] In some implementations, the sheath body includes a tapered tip. According to
certain implementations, the tapered tip includes the first material and the second mate-
rial. In other implementations, the tapered tip includes only the first material. According
to some implementations, the tapered tip includes only the second material.

[0043] According to a further implementation of the present disclosure, there is provided
an introducer sheath for the insertion of a blood pump. The introducer sheath includes a
sheath body and a sheath hub. For example, the sheath body implementation of this
disclosure. The sheath body can include a first strip of a first material having a first rigid-
ity, a second strip of a second material having a second rigidity, and a first lumen de-
fined by the first strip and the second strip. The first rigidity can be larger than the sec-
ond rigidity. The first strip and the second strip can be oriented adjacently in a helix from
a distal end to a proximal end of the sheath body. The sheath hub can include proximal
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and distal ends defining a second lumen. The distal end of the sheath hub can be at-
tached to the proximal end of the sheath body. The helical structure of the alternating
first and second strips of varying rigidities improves both flexibility by requiring a lower
force to be applied to be able to bend the introducer sheath, and strength by increasing
the column strength of the introducer sheath, which is the axial force required to pro-
duce buckling. Improved flexibility and increased column strength are beneficial for pro-
cedures with high insertion angles, e.g. subclavian insertion sites.

[0044] In some implementations, the first lumen and the second lumen are in fluid com-
munication. Various instruments can be successively inserted and withdrawn through
both the first and second lumen of the sheath, leading up to placement of a device in a
desired location prior to peeling away the sheath.

[0045] The sheath hub can include a hemostasis valve sized for preventing fluid from
exiting the proximal end of the hub.

[0046] In some implementations, the sheath hub includes a first notch and a second
notch. The first notch and the second notch can be axially aligned along a length of the
sheath hub and can be oriented opposite each other. In certain implementations, the
first notch and the second notch can be on an inner surface of the sheath hub. In other
implementations, the first notch and the second notch can be on an outer surface of the
sheath hub.

[0047] According to a further implementation of the present disclosure, there is provided
a method of manufacturing a flexible introducer sheath body. The method comprises
wrapping a first strip of a first material and a second strip of a second material adja-
cently around a mandrel, and securing the strips together (e.g. by heating) so they re-
main adjacent and with peel-away functionality. The method may include securing a first
distal end of the first strip and a second distal end of the second strip. The method may
comprise securing a first proximal end of the first strip and a second proximal end of the
second strip. The method also may comprise placing a heat shrink tube over the first
strip, the second strip, and the mandrel. Further, the method may comprise heating the
first strip and the second strip. The method further may comprise removing the heat
shrink tube. The method also may comprise removing the first strip and the second strip
from the mandrel.

[0048] According to a further implementation of the present disclosure, there is provided
a sheath body including a first strip of a first material, a second strip of a second mate-
rial, and an inner lumen defined by distal and proximal ends of the sheath body. The
first material can have a first rigidity and the second material can have a second rigidity
that is different than the first rigidity. The first strip and the second strip are oriented ad-
jacently over the inner lumen, for example in a helix extending from the distal end to the
proximal end of the sheath body. The inner lumen can be made of a third material hav-
ing the same or different rigidity as the first and/or second materials.

[0049] In some implementations, the sheath body includes an outer wall having a first
thickness, an inner wall having a second thickness, and a first notch and a second
notch in the outer wall. The first notch and a second notch can be axially aligned along
a length of the sheath body and can be oriented opposite each other.
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[0050] At least one advantage of the manufacturing method is the ability to form a
sheath with composite material properties tailored to provide improved bending flexibility
and higher kink resistance. Additionally, the manufacturing method enables production
of a sheath body with smooth inner and outer surfaces.

Brief Description of the Drawings

[0051] The foregoing and other objects and advantages will be apparent upon consider-
ation of the following detailed description, taken in conjunction with the accompanying
drawings, in which like reference characters refer to like parts throughout, and in which:
FIG. 1 shows the peel-away sheath assembly comprising the peel-away sheath
body and the peel-away sheath hub;
FIG. 2A shows a cross-section of the peel-away sheath body taken at a longitudi-
nal point having a continuous second layer circumference;
FIG. 2B shows a cross-section of the peel-away sheath body taken at a longitudi-
nal point intersecting a circumferential discontinuity in the second layer;
FIG. 3A shows an axial cross section of the peel-away sheath body;
FIGS. 3B-3C show possible designs of the laser-cut hypotube;
FIGS. 4A-4E show possible configurations of the inner and outer diameter
notches along an axial cross-section;
FIG. 5A-5B show possible configurations of the outer and inner diameter notches
along a circumferential cross-section;
FIG. 6 shows a cross-section which shows the inner layer, the reinforcing layer,
and the third layer;
FIG. 7 shows an isometric view of the peel-away sheath hub and proximal por-
tion of the peel-away sheath body;
FIG. 8 shows a circumferential cross-section of the peel-away introducer sheath
within the cylindrical portion of the peel-away sheath hub;
FIG. 9 shows a circumferential cross-section of the introducer peel-away sheath
within the conical portion of the peel-away sheath hub;
FIG. 10 shows a top view of the peel-away sheath hub and proximal end portion
of the peel-away sheath body;
FIG. 11 shows a cross-section of the laser-cut hypotube with the internal notch in
the circumferential discontinuity;
FIG. 12 shows a cross-section of the peel-away introducer sheath with mold tool
on the break wall plane;
FIG. 13 shows a cross-section of the peel-away introducer sheath with the mold
tool not on the break wall plane;
FIG. 14 shows an exemplary method of manufacturing certain implementations
of a peel-away sheath assembly;
FIG. 15 shows an illustrative longitudinal cross-section of the peel-away intro-
ducer sheath with the reinforced layer extending into the peel-away sheath hub;
FIG. 16 shows an isometric view of an illustrative introducer sheath assembly in-
cluding an illustrative expandable sheath body comprising two strips of material
coupled to an illustrative sheath hub;
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FIG. 17 shows an isometric view of an illustrative flexible sheath body having a
first strip and a second strip;

FIG. 18 shows an illustrative view of the flexible sheath body of FIG. 17;

FIG. 19 shows a schematic profile of the flexible sheath body of FIG. 17 with the
first strip and the second strip having widths and a helix angle;

FIG. 20 shows a cross-sectional view of the flexible sheath body of FIG. 17 hav-
ing a first notch and a second notch on an inner surface;

FIG. 21 shows an isometric view of the flexible sheath body of FIG. 20;

FIG. 22 shows a cross-sectional view of the flexible sheath body of FIG. 17 hav-
ing the first notch and the second notch on an outer surface;

FIG. 23 shows an isometric view of the flexible sheath of FIG. 22;

FIG. 24 shows an illustrative method for manufacturing the flexible sheath body
of FIG. 17; and

FIG. 25 shows a cross-sectional view of a flexible sheath body having an inner
lumen and a first notch and a second notch on an outer surface.

Detailed Description

[0052] To provide an overall understanding of the systems, method, and devices dis-
closed herein, certain illustrative embodiments will be described. Although the embodi-
ments and features described herein are specifically described for use in connection
with a percutaneous heart pump system, it will be understood that the teachings may be
adapted and applied to other mechanical circulatory support devices and other types of
medical devices such as electrophysiology study and catheter ablation devices, angio-
plasty and stenting devices, angiographic catheters, peripherally inserted central ve-
nous catheters, midline catheters, peripheral catheters, inferior vena cava filters, ab-
dominal aortic aneurysm therapy devices, thrombectomy devices, TAVR delivery sys-
tems, cardiac therapy and cardiac assist devices, including balloon pumps, cardiac as-
sist devices implanted using a surgical incision, and any other venous or arterial based
endoluminal introduced catheters and devices.

[0053] The systems, methods, and devices described herein provide a flexible intro-
ducer sheath with peel-away sheath functionality that has improved resistance to
kinking and improved flexibility. An introducer sheath with such improved functionality
can be achieved in various ways, as disclosed herein. In general, the sheath has at
least two sections of differing rigidity, with one rigid section and at least one less rigid
section. The improved sheath allows for improved kink resistance. One example config-
uration having at least one rigid section and at least one less rigid section is a sheath
with an inner layer, a second reinforcing layer, and an outer layer. In such implementa-
tions, the reinforcing layer may include a laser-cut hypotube or a braided or coiled fila-
ment. As disclosed in Application No. 62/672,212, reproduced in Appendix A below, an-
other configuration having at least one rigid section and at least one less rigid section
comprises a rigid strand and a less rigid strand wrapped in a single layer helical configu-
ration. By making the less rigid section of the introducer sheath out of different polymer
materials, the introducer sheath also allows the sheath to be peeled away easier. Using
a stiffer material and a less stiff material, either in the same layer, or in different layers,
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is an improvement over typical peel-away sheaths that use only one material with a con-
stant stiffness, forcing a choice between kink resistance and flexibility. Improving re-
sistance to kinking while also improving flexibility is highly desirable in clinical scenarios
requiring peel-away sheaths with high insertion angles. Such clinical scenarios include
femoral access for obese patients due to the distance between the vessel and the inser-
tion point, as well as subclavian axillary access due to sensitive anatomical landmarks
and nerve bundles in the adjacent areas of the axillary insertion sites. Additionally, the
presence of discontinuities in the reinforcing layer, and/or notches in the sheath layers
reduces the force to be applied to peel-away the sheath.

[0054] Figure 1 shows an illustrative peel-away sheath assembly 100 including, sheath
handles 101, sheath hub 102, sheath body 103, proximal end 104, distal end 106,
sheath body lumen 108, sheath body inner layer 110, reinforcing layer 112 and outer
layer 114. The sheath hub 102 is coupled to the sheath body 103, sheath body 103 hav-
ing a proximal end 104 and a distal end 106. The sheath hub 102 is coupled to the prox-
imal end 104 of the sheath body 103. The sheath body 103 defines a first lumen 108,
which extends along the longitudinal axis of the sheath body 103. As described further
below in relation to FIGS. 2-6, peel-away sheath assembly 100 has a multi-layer design,
to provide both flexibility and kink resistance. Sheath body 103 comprises an inner layer
110 located at a first and innermost radius, a reinforcing layer 112 located at a second
radius, and an outer layer 114 located a third and outermost radius. The inner layer 110
and the outer layer 114 comprise a thermoplastic, which may be the same for each of
inner layer 110 and outer layer 114. Alternatively, inner layer 110 and outer layer 114
may comprise different thermoplastics. The reinforcing layer 112 has different material
properties than the inner layer 110 and the outer layer 114. For example, the reinforcing
layer is stiffer than at least one of inner layer 110 and outer layer 114. The illustrative
embodiment shown in Figure 1 may further comprise a hydrophilic coating over at least
a portion of the outer layer. In some implementations, the portion of the outer layer over
which the hydrophilic coating is placed extends from the distal end of the sheath body to
between about 5 centimeters and about 2 centimeters distal of the proximal end of the
sheath body. In other implementations, the portion of the outer layer over which the hy-
drophilic coating is placed extends from the distal end of the sheath body to between
about 4 centimeters and about 3 centimeters distal of the proximal end of the sheath
body. In further implementations, the portion of the outer layer over which the hydro-
philic coating is placed extends from the distal end of the sheath body to about 3.5 cen-
timeters distal of the proximal end of the sheath body. As previously discussed, the hy-
drophilic coating facilitates the insertion of the sheath body into the vasculature of a pa-
tient. As coating the entire length of the sheath body with the hydrophilic coating can
cause the sheath body to be dislodged from the aorta due to the arterial pressure acting
on the sheath body, a portion of the sheath body is generally configured to lack the hy-
drophilic coating.

[0055] The reinforcing layer can be a hypotube, a braided filament, or a coiled filament.
The reinforcing layer is configured with at least two discontinuities on its surface. For ex-
ample, the hypotube of the reinforcing layer can be configured with a series of slits
along its surface. Such slits allow the hypotube to not only offer improved kink re-
sistance given its inherent rigidity, but also allow the hypotube to have improved flexibil-
ity. As another example, a braided or coiled filament second layer includes discontinui-
ties between filament braids or wraps. At least one advantage of a filament reinforcing
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layer is the presence of discontinuities between each wrap or braid of the filament,
which reduces the amount of force needed to peel-away the reinforcing layer and the
sheath as a whole. Further, additional discontinuities between each wrap of the filament
allow for greater flexibility. At least one advantage of the filament is the ability to adjust a
size of the discontinuities, i.e. select a wraps-per-inch, for different applications with the
same manufacturing process for the reinforcing layer. One further advantage of the fila-
ment is the ability to maintain a given size of the discontinuities while adjusting the sep-
aration between the discontinuities by varying the size of the filament. Both the filament
and hypotube configurations can be implemented with a variety of peel-away line de-
signs. One advantage of a reinforcing layer constructed from a hypotube or a coiled fila-
ment is that the thickness of the layer can be configured to be constant throughout en-
tirety length of the layer.

[0056] The sheath body is also configured to have a peel-away line extending along its
length, the peel-away line overlapping the at least one circumferential discontinuity in
the reinforcing layer of the sheath. At least one advantage of the overlap between the
peel-away line of the sheath and at least one circumferential discontinuity in the rein-
forcing layer is the ability to peel-away the sheath without having to break through the
reinforcing layer.

[0057] As described in relation to Figures 2 and 3 below, the reinforcing layer can be a
laser-cut hypotube. The hypotube can be machined to have at least two discontinuities
on its surface. In some implementations, the discontinuities extend along a portion of
the circumference of the hypotube, and are circumferential discontinuities. In other im-
plementations, the discontinuities extend along a length of the hypotube, and is are lon-
gitudinal discontinuities. In other implementations, the discontinuities may extend both
circumferentially and longitudinally. In certain implementations, as shown for example in
Figures 5A-B and discussed further below, representative circumferential cross-section
contains several circumferential discontinuities. For example, as shown in Figure 5A-B,
the discontinuity can be two or more slits. In other implementations, the discontinuities
may be of different sizes and shapes. For example, the discontinuities can be rectangu-
lar, can be circular, can be elliptical, and can be rhomboidal.

[0058] In one implementation, as shown for example in Figure 3B, the slits along the
surface of the hypotube are parallel to each other, and are evenly spaced along the
length of the hypotube. In such an implementation, there are two distinct circumferential
cross-sections that may be taken along the length of the hypotube. The first circumfer-
ential cross-section is shown in Figure 2A.

[0059] The cross-section 200 depicts inner layer 202 located at an inner radius, rein-
forcing layer 204 located at an intermediate radius, and outer layer 206 located at an
outermost radius. The center of Figure 2A shows first lumen 208. Figure 2A is taken at
a longitudinal point along the sheath body at which the reinforcing layer 204 has a con-
tinuous circumference. The inner layer 202, the reinforcing layer 204, and the outer
layer 206 are concentric layers. Concentric, as defined herein means that the layers
share the same center, with the outer layer 206 completely surrounding reinforcing layer
204 and inner layer 202, and with reinforcing layer 204 completely surrounding inner
layer 202.
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[0060] The second illustrative circumferential cross-section is shown in Figure 2B. The
cross-section 220 depicts inner layer 222 located at an inner radius, reinforcing layer
224 located at an intermediate radius, and an outer layer 226 located at an outermost
radius. The center of Figure 2B shows first lumen 230. The cross-section of Figure 2B is
taken at a longitudinal point along the sheath body at which the reinforcing layer 224
has a circumferential discontinuity 228, corresponding to a slit in the laser-cut hypotube.
As such, the cross-section of Figure 2B shows a discontinuous reinforcing layer. The at
least one circumferential discontinuity 228 defines a line that provides the sheath with
its peel-away functionality.

[0061] In Figures 2A and 2B, the material properties of reinforcing layer 204 advanta-
geously lend to the sheath assembly improved flexibility and kink resistance. For exam-
ple, one such physical property is the rigidity of the reinforcing layer, which is greater
than that of at least one of the materials of the inner layer 202 or outer layer 206. An-
other such physical property of the reinforcing layer material 204 is its elastic modulus,
which too may be greater than at least one of those of the materials of the inner layer
202 or outer layer 206. The first inner layer 202 material and the outer layer 206 mate-
rial may be a thermoplastic, and the thermoplastic can be at least one of PEBAX or
TPU. The reinforcing layer 204 material can be at least one of LCP, PEBAX, stainless
steel, Nitinol, or Kevlar. The thickness of the inner layer 202 can be between 0.001
inches (1 inch = 2.54 cm.) and 0.015 inches. Further, the thickness of the outer layer
206 can be between 0.001 inches and 0.015 inches. The total wall thickness of the im-
plementation is less than or equal to 0.016 inches.

[0062] Figure 3A shows one illustrative longitudinal cross-section 300 of the peel-away
sheath assembly, the longitudinal axis of the sheath body being in the plane of the
page. The cross-section shows inner layer 302 at an inner radius, reinforcing layer 304
at an intermediate radius, and outer layer 306 at an outer radius. The reinforcing layer
304 has discontinuities 308. Discontinuities 308 are, in some implementations, circum-
ferential discontinuities. Together, the three layers define first lumen 310. Within the re-
inforcing layer 304, circumferential discontinuities 308 that separate ribs 309 are con-
nected by the reinforcing layer 304. The circumferential discontinuities 308 are of a finite
arc length and do not extend along the entire length of the circumference of the reinforc-
ing layer 304. The circumferential discontinuities 308 may be of varying arc lengths and
may be of varying widths. The arc lengths of the circumferential discontinuities 308 may
be between about 0.5 cm - 1 cm. Similarly, the widths of the circumferential discontinui-
ties 308 may be between about 0.1 and 0.5 cm, between about 0.2 and 0.4 cm, and
about 0.3 cm.

[0063] Figure 3B shows one configuration of discontinuities 322 and 324 in the reinforc-
ing layer 320, in which each discontinuity 322 and 324 of the hypotube has the same
length along the circumference of the hypotube. The discontinuities in Figure 3B are
evenly spaced in the longitudinal direction, and the discontinuities comprise a first set
and a second set of discontinuities. The discontinuities located at the same circumferen-
tial position as first slit 322 constitute the first set, and the discontinuities located at the
same circumferential position as second slit 324 define the second set. Each discontinu-
ity in each set of discontinuities has a center. The centers of the first set of discontinui-
ties define a first discontinuity axis, and the centers of the second set of discontinuities
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define a second discontinuity axis. In some embodiments, and as shown in Figure 3B,
the first and second slit axes are offset by some angle. The angle by which the two slit
axes are offset may be zero degrees, such that all of the slits along the length of the hy-
potube are centered on the same axis. The angle by which the slit axes are offset
ranges from 0 to about 180 degrees. In one example, the angle by which the slit axes
are offset is 0 degrees, which corresponds to every slit being centered on the same
axis. In another example, the angle by which the slit axes are offset is 180, which corre-
sponds to the two slit axes being diametrically opposed to one another. Diametrically
opposed, as defined herein means that two features of the implementation are sepa-
rated along the sheath body by a 180 degree offset. In other examples, the axes may
be offset by an angle between about 30 and about 150 degrees. In other examples, the
axes may be offset by an angle between about 60 and about 120 degrees. In other ex-
amples, the axes may be offset by an angle of about 90 degrees. In other examples, the
discontinuities have varying length along the surface of the hypotube. In other exam-
ples, the slits are variably spaced along the length of the hypotube, to achieve varying
flexibility along the sheath. For example, the spacing can be fixed in the proximal por-
tion of the sheath, and may increase in the distal direction so as to provide greater kink
resistance in the distal end while providing an easier ability to peel-away in the proximal
end. In another example, the slits may be closest together on both ends of the sheath
body and may have greater spacing in the middle of the length of the sheath body,
providing kink resistance to the middle of the sheath body while allowing for the extremi-
ties of the sheath to be easily peeled away. As described above in relation to the fila-
ment reinforcing layer, the discontinuities may be of varying sizes and shapes. Configu-
rations having a hypotube reinforcing layer can also have discontinuities of varying
shapes and sizes.

[0064] In some implementations, the hypotube may be configured to possess a spine
that connects a series of ribs. A spine as defined herein refers to a portion of the hypo-
tube that extends continuously in a longitudinal direction parallel to the first lumen of the
sheath body. Ribs as herein defined refer to portions of the hypotube that are connected
at only one end to the spine and extend away from the spine in a circumferential direc-
tion. In some implementations, there is only a single rib, such that the hypotube resem-
bles a single c-shape that extends longitudinally down the length of the sheath body. In
other implementations, there may be several ribs. The ribs may be separated in the lon-
gitudinal direction by circumferential discontinuities. In other implementations, there may
be more than one spine, each spine being connected to a set of ribs. In all such imple-
mentations, the number of and the spacing of the ribs can be optimized to yield the de-
sired kink resistance and flexibility. Ribs spaced closer together provide greater kink re-
sistance. Ribs spaced farther apart provide greater flexibility and ease of peel-away.

[0065] Figure 3C shows another configuration of discontinuities 332 and openings 334
in the reinforcing layer 330. In Figure 3C, circumferential discontinuities 332 are ori-
ented to extend along the circumference of the reinforcing layer. The inclusion of open-
ings 334 helps the adherence of the inner and outer layers to reinforcing layer 330 dur-
ing manufacturing. Openings 334 may be configured in a variety of shapes. Openings
334, for example, may be circular, elliptical, or rhomboidal. As discussed previously,
openings 334 are configured to extend along the circumference of reinforcing layer 330.
Openings 334 may be oriented at regular intervals along the length of reinforcing layer
330. For example, openings 334 may be included every 0.7 inches (1 inch =2.54 cm.)
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along the length of reinforcing layer 330. In other implementations, openings 334 may
be positioned every 0.9 inches along the length of the reinforcing layer. In certain imple-
mentations, openings 334 may be positioned every 1.1 inches along the length of the
reinforcing layer. As previously discussed, openings 334 may have a range of surface
areas. For example, in some implementations, each opening 334 has a surface area of
between about 5 and about 25 square millimeters. In other implementations, the surface
area of each opening 334 is between about 10 and about 20 square millimeters. In cer-
tain implementations, the surface area of each opening 334 is about 15 square millime-
ters. The incorporation of openings allows for the inner and the outer layer of the sheath
body to better adhere to one another during manufacturing. This increased adherence
allows the sheath body to better accommodate stresses while bent. The reflow process
is also controlled such that there is now polymer reflow into the circumferential slits con-
figured along the length of the hypotube. The slits remaining free of polymer allows the
slits to function as compression and expansion zones, which increases the flexibility of
the sheath body.

[0066] Figures 4A-4E show several possible configurations of the inner and outer diam-
eter notches. The notches in such configurations define a peel-away line, along which a
practitioner can peel the sheath assembly to separate it. Figures 4A-4E show inner
layer 402, reinforcing layer 404, and outer layer 406, and sheath lumen 408. Also
shown is an illustrative notch 410. Figure 4A depicts an implementation having only in-
ner diameter notches. The inner diameter notches of Figure 4A begin on an innermost
surface of inner layer 402, penetrate through the reinforcing layer 404, and terminate
within the outer layer 406. In another implementation, the outer diameter notches 410
begin on an innermost surface of inner layer 402, penetrate through the reinforcing layer
404, and terminate before the outer layer 406. Implementations containing inner diame-
ter notches (Figure 4A) are more easily manufactured.

[0067] Figure 4B shows an implementation having only outer diameter notches. The
outer diameter notches of Figure 4B begin on an outermost surface of outer layer 406,
penetrate through the reinforcing layer 404, and terminate within the inner layer 402. In
another implementation, the outer diameter notches of Figure 4B begin on an outermost
surface of outer layer 406, penetrate through the reinforcing layer 404, and terminate
before the inner layer 402. Implementations containing outer diameter notches (Figure
4B) perform better with regard to peel-away functionality than do configurations having
only inner diameter notches.

[0068] Figure 4C shows an implementation having both inner and outer diameter
notches wherein the two types of notches do not overlap longitudinally along the length
of the sheath body. Figure 4D shows an implementation wherein the notches partially
overlap longitudinally along the length of the sheath body. Figure 4E shows an imple-
mentation where the notches entirely overlap longitudinally along the length of the
sheath body. In one implementation, the outer diameter notches extend along at least a
distal end of the distal portion of the sheath body, and the inner diameter notches ex-
tend along all of the proximal portion of the sheath and at most a proximal end of the
distal portion of the sheath body. In another implementation, the outer diameter notches
extend along at least a distal end of the distal portion of the sheath body, and the inner
diameter notches extend along all of the proximal portion of the sheath and at most a
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proximal end of the proximal portion of the sheath body in addition to both inner diame-
ter and outer diameter notches extending overlapping along any portion of the first sec-
tion of the sheath body.

[0069] Figure 5A shows a circumferential cross-section 500 of the sheath body having
inner layer 502, reinforcing layer 504, and outer layer 506. The three layers define lu-
men 508, which extends along the longitudinal axis of the sheath body. Diametrically
opposed outer diameter notches 510 extend from an outermost surface of the outer
layer 506, through the reinforcing layer 504, and terminate within the inner layer 502.

[0070] Figure 5B shows a circumferential cross-section 520 of the sheath body having
inner layer 522, reinforcing layer 524, and outer layer 526. The three layers define first
lumen 528, which extends along the longitudinal axis of the sheath body. Diametrically
opposed inner diameter notches 530 extend from an innermost surface of the inner
layer 522, through the reinforcing layer 524, and terminate within the outer layer 526. As
stated in relation to figures 4A-E, the configurations having outer diameter notches, as
in Figure 5A, have improved peel-away performance, while the configurations having
inner diameter notches, as in Figure 5B, are more easily manufactured. Some imple-
mentations only have inner diameter notches, while other implementations only have
outer diameter notches. Further implementations may have both inner diameter notches
and outer diameter notches, wherein the inner diameter notches extended along of the
length of the sheath body exclusively from the outer diameter notches. Additional imple-
mentations may have a portion of the sheath body wherein there are both inner diame-
ter notches and outer diameter notches. Some other implementations may have both
areas wherein one notch is exclusively found, and areas wherein the two types of
notches are found overlapping longitudinally.

[0071] Figure 6 similarly shows a cross-section 600 of the layers of the sheath, compris-
ing inner layer 602, reinforcing layer 604, and outer layer 606. Discontinuities 610 can
be seen in reinforcing layer 604. In some implementations, discontinuities 610 are cir-
cumferential discontinuities.

[0072] Figure 7 shows an isometric view 700 of the sheath hub 701 and the proximal
portion 706 of the sheath body 707. The sheath hub comprises proximal conical proxi-
mal portion 702, having circumferential discontinuity 703, and distal conical portion 704,
having circumferential discontinuity 705. Distal conical portion 704 of the sheath hub
701 is attached to proximal portion 706 of sheath body 707. The discontinuities 703 and
705 are configured to align with the peel-away lines of the sheath body 707, such that at
a given longitudinal point along the length of the sheath body having a discontinuity, the
peel-away line is located at the same circumferential position as the discontinuity. In
some implementations, discontinuities 703 and 705 are circumferential discontinuities.

[0073] Figure 8 shows a circumferential cross-section 800 taken along line A-A' (see
Figure 7) in the distal cylindrical portion 810 of the sheath hub. Inner layer 802, together
with reinforcing layer 804, and outer layer 806 together define first lumen 808. Disconti-
nuity 812 in the cylindrical portion 810 of the sheath hub is aligned with the peel-away
lines of the sheath-body to facilitate removal of the sheath, and is, in some implementa-
tions, a circumferential discontinuity. Discontinuity 812 is aligned with the discontinuity
of the proximal conical portion of the sheath hub, also to facilitate removal of the sheath.
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The discontinuity of the proximal conical portion of the sheath hub is, in some imple-
mentations, a circumferential discontinuity. As discussed in relation to Figure 12, cir-
cumferential discontinuity 812 in the cylindrical portion 810 of the sheath hub is manu-
factured by placing an insert into the sheath hub material prior to fusing the sheath hub
material to the sheath body. The insert is removed after fusion, leaving circumferential
discontinuity 812 in cylindrical portion 810 of the sheath hub.

[0074] Figure 9 shows a circumferential cross-section 900 taken along line B-B' (see
Figure 7) in the proximal conical portion 910 of the sheath hub. Inner layer 902, defines
first lumen 908. Discontinuity 912 in the conical portion 910 of the sheath hub can be
aligned with the discontinuity of the distal cylindrical portion of the sheath hub to facili-
tate the remove of the sheath, the distal cylindrical portion of the sheath hub also being
aligned with the peel-away lines of the sheath body. In some implementations, disconti-
nuity 912 is a circumferential discontinuity. As discussed in relation to Figure 12, and as
discussed above in relation to the circumferential discontinuity in the distal cylindrical
portion of the sheath hub, circumferential discontinuity 912 in the conical portion 910 of
the sheath hub is manufactured by placing an insert into the sheath hub material prior to
fusing the sheath hub material to the sheath body. The insert is removed after fusion,
leaving circumferential discontinuity 912 in conical portion 910 of the sheath hub. Addi-
tionally, as shown in the illustrative embodiment of Figure 9 (and discussed further in
detail below in relation to Fig. 12), there exists only an inner sheath layer in the proximal
conical portion of the sheath hub. As discussed below in relation to Figure 12, inner
layer 902 has a specific thickness. The thickness of inner layer 902 in proximal conical
portion 910 of the sheath hub can be less than the thickness of the layers that are distal
relative to proximal conical portion 910. The thickness of inner layer 902 in the proximal
conical portion 910 can be selected such that there is a reduced diameter section in
proximal conical portion 910. The reduced diameter section can have an outer diameter
that is less than the total thickness of the relatively distal layers, or the reduced diameter
section can have an outer diameter that is equal to the total thickness of the relatively
distal layers. The presence of only a single sheath layer within the proximal conical por-
tion 910 of the sheath hub decreases the amount of material through which an operator
must break to separate the sheath, allowing the operator to apply a smaller breaking
force.

[0075] Figure 10 shows a top view 1000 of the sheath hub 1001 and the proximal por-
tion 1006 of the sheath body. Sheath hub 1001 comprises proximal conical portion 1002
and distal cylindrical portion 1004. Discontinuity 1003 resides in the conical portion 1002
of the sheath hub, and discontinuity 1005 resides in the cylindrical portion of the sheath
hub. Discontinuities 1003 and 1005 are, in some implementations, circumferential dis-
continuities. Circumferential discontinuities 1003 and 1005 are aligned with peel-away
lines on the sheath body. Proximal end 1006 of the sheath body is coupled to sheath
hub 1001 at the distal conical portion 1004. Figure 7 also shows lines A-A' and B-B/,
along which illustrative cross-sections of the hub in the cylindrical and conical portions,
respectively, are shown in Figure 8 and Figure 9.

[0076] Manufacturing of the peel-away sheath includes manufacturing of the multi-layer
sheath body, manufacturing of the sheath hub, and assembly of the sheath hub and
sheath body. Specific notch and layer configurations can be configured for ease of man-
ufacture. For example, the absence of a reinforcing layer in the proximal portion of the
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sheath helps to stabilize the injection molding process. Additionally, using inner diame-

ter notches ensures that notches will not seal when the polymer layers reflow during the
manufacturing process. As described in further detail below in relation to Figure 14, the

multi-layer sheath body is manufactured through a heat-shrinking process. Heat-shrink-
ing is also referred to as lamination.

[0077] In one method of manufacturing, the innermost first layer material, the reinforcing
second layer material, and the outermost third layer material are placed onto a mandrel.
The layers are then heat-shrunk. For example, a PTFE heat shrink is used.

[0078] In another method, the innermost first layer is placed on to the mandrel and is
heat-shrunk, at which point the reinforcing second layer material and the outermost third
layer material are placed onto the heat-shrunk first layer. The heat-shrunk first layer, the
reinforcing second layer material, and outermost third layer material are then wrapped
heat-shrunk together.

[0079] In yet another method, each layer is successively heat-shrunk onto a mandrel.
The innermost first layer is first placed on to the mandrel and heat-shrunk. The heat-
shrunk first layer is then coated with a reinforcing second layer material. The two layers
are then heat-shrunk. The two heat-shrunk layers are then coated with an outermost
third layer material. The three layers are then wrapped heat-shrunk.

[0080] For manufacturing sheath bodies having inner diameter notches, the mandrel
used for heat-shrinking comprises a raised spine, such that heat-shrinking of a layer us-
ing the mandrel creates a sheath body with an inner diameter notch in the shape of the
mandrel spine. For manufacturing sheath bodies having outer diameter notches, the
outermost third layer is configured with a mold during heat-shrinking, the mold being the
shape of the outer diameter notch. Upon heat-shrinking, the mold is removed, leaving
an outer diameter notch in the shape of the mold. As discussed further below in relation
to Figure 11, a circumferential discontinuity must be sufficiently large to allow for at least
a mandrel through extend through the discontinuity during manufacturing and to provide
improved flexibility. A size of the discontinuity cannot be smaller than a sizes of the pro-
trusion of the mandrels used in manufacturing. However, the discontinuity must also be
sufficiently small to still provide improved kink resistance - if the discontinuity is too
large, the sheath will buckle.

[0081] Similar methods of manufacture exist for any configuration of the reinforcing sec-
ond layer. For example, when the reinforcing layer is a hypotube comprising a plurality
of hypotube arc segments, the innermost first layer may be heat-shrunk, and then the
arc segments may be heat-shrunk to the heat-shrunk innermost first layer. This can be
done to ensure that the increasing number of hypotube arc segments are properly ad-
hered to the innermost first layer prior the incorporation and heat-shrinking of the outer-
most third layer. Additionally, when the reinforcing layer is a hypotube comprising a plu-
rality of arc segments, the innermost first layer may be heat-shrunk, and then the arc
segments may be heat-shrunk to the heat-shrunk first layer individually. Similarly, the
braided and coiled filament structures previously discussed can be heat-shrunk to the
heat-shrunk innermost first layer prior to the heat-shrinking of the outermost third layer
to ensure the proper adherence of the filament layers to the innermost first layer.
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[0082] During removal of the sheath from the patient, the sheath hub is peeled away in
addition to the sheath body. As described previously, and in relation to Figures 12 and
13, the sheath hub is manufactured using injection molding, in which the sheath hub
material is placed into a sheath hub mold, the mold being configured with at least one
insert. In some implementations, two inserts are used. After the sheath hub is molded
and fused to the sheath body, the at least one insert is removed. As such, the sheath
hub is configured during manufacturing to comprise a break wall in the form of negative
space in the shape of the at least one. This negative space helps the practitioner to fa-
cilitate the peeling away of the sheath hub. Figure 12 shows a cross-section 1200 of the
introducer sheath with the mold tool on the break wall plane. The break wall is config-
ured to have the shape of the two inserts upon their removal from the sheath hub mate-
rial. In other configurations, one insert may be used, and in further implementations,
more than two inserts may be used. Additionally, Figure 12 shows reduced diameter
section 1210. Reduced diameter section 1210 corresponds to a proximal segment along
the sheath body which may only contain an inner layer, as the inner layer may be con-
figured to extend further in a proximal direction than the reinforcing or outer layers. Re-
duced diameter section 1210 has a thickness 1211. Layer 1212 has thickness 1213 and
layer 1214 has thickness 1215. In some implementations, thickness 1211 is less than
the sum of thicknesses 1213 and 1215. In other implementations, thickness 1211 is
equivalent to thickness 1213, such that reduced diameter section 1210 and layer 1212
form a single continuous layer. In other implementations, thickness 1211 is less than
thickness 1213. As previously discussed, one advantage of the absence of a reinforcing
layer in the proximal portion of the sheath is the stabilization the injection molding pro-
cess, allowing the polymer layers of the sheath body to mold to the sheath hub with
consistent properties. Figure 13 shows a cross-section 100 of the introducer sheath with
the mold tool not on the break wall plane, showing how the inserts are situated relative
to the sheath hub.

[0083] Figure 11 shows a cross-section 1100 of a laser-cut hypotube 1104 with an inter-
nal notch 1108 in circumferential gap 1110. Inner layer 1102, reinforcing layer 1104,
and outer layer 1106 are configured with the internal notch in the circumferential gap to
increase peel-away functionality. As previously discussed, the discontinuity must be suf-
ficiently large to allow for at least one inner or outer diameter notch to extend through it
and to provide improved flexibility, but must also be sufficiently small to still provide im-
proved kink resistance. In some implementations, the width of circumferential gap 1110
ranges between about 0.1 and about 1.5 millimeters. In other implementations, the
width of circumferential gap 1110 ranges from about 0.3 to about 1.2 millimeters. In cer-
tain implementations, the width of critical gap 1110 ranges from about 0.5 to about 1.0
millimeters. In further implementations, the width of critical gap 1110 ranges from about
0.7 to about 0.8 millimeters. In certain implementations, the width of critical gap 1110 is
about 0.761 millimeters.

[0084] Figure 14 shows a flowchart for manufacture of the peel-away sheath assembly
for the introduction of a heart pump, according to certain implementations. Process
1400 begins at step 1402, wherein an operator coats a mandrel with a first layer of a
first material. In some implementations, this first layer material is a thermoplastic, com-
prising one of PEBAX or TPU. In step 1404, the operator heat-shrinks the first layer,
which comprises coating the first layer material with a heat shrink and heating the layer
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and the heat shrink. In step 1406, after the first layer is heat-shrunk, the operator coats
the heat-shrunk first layer with a second layer of a reinforcing second layer material. In
step 1408, the operator then coats the second layer of the reinforcing second layer ma-
terial with an outermost layer of a third layer material. In step 1410, the operator heat-
shrinks together the heat-shrunk first layer, the reinforcing second layer, and the third
layer material. As previously discussed in relation to Figure 3C, the openings in the rein-
forcing layer that form rings around the circumference of the reinforcing layer at regular
longitudinal intervals along the length of the sheath body allow the inner and outer lay-
ers to reflow. This reflow provides better adherence of the inner and outer layers to
each other, which allows the sheath body to better accommodate stresses while the
sheath body is bent. The manufacturing process is controlled such that reflow of the in-
ner and outer layers into the circumferential slits does not occur. The absence of the
polymer layers from the slits allows the slits to serve as compression and expansion
zones, providing the sheath body with improved flexibility. In further implementations of
the method, the mandrel used in manufacture may possess at least one raised spine
such that heat-shrinking of the first layer material leaves at least one internal notch in
the heat-shrunk first layer. In other implementations, the operator selects the locations
of each outer notch based on the geometry of the heat-shrunk reinforcing layer. In other
implementations of the method, the operator need not subject the first layer to heat-
shrinking prior to heat-shrinking the reinforcing second layer and the outermost third
layer; that is, the operator may heat-shrink the first, second, and third layers for the first
time simultaneously.

[0085] Figure 15 shows a longitudinal cross-section 1500 of sheath body 1502 having
inner layer 1504, outer layer 1506, reinforcing layer 1508, sheath hub 1510, reinforced
hub length 1512, distal portion 1514, middle portion 1516, and proximal portion 1518.
As discussed previously, the length of the sheath body 1502 through which reinforcing
layer 1508 extends can be adjusted in order to prevent kinking along certain portions of
sheath body 1502. For example, in some implementations, reinforcing layer 1508 is ab-
sent in distal portion 1514 while it is present in middle portion 1516. In such implemen-
tations, reinforcing layer 1508 may extend into proximal portion 1518 to a variable
depth, as shown by reinforced hub length 1512. For example, the proximal end of rein-
forcing layer 1508 may terminate at the same longitudinal point at which sheath hub
1510 terminates. In other implementations, as shown in illustrative Figure 15, reinforcing
layer 1508 may terminate at a longitudinal point that is distal of the longitudinal point at
which sheath hub 1510 terminates. In other implementations, the proximal end of rein-
forcing layer 1508 may terminate at a longitudinal point proximal of the longitudinal point
at which sheath hub 1510 terminates. The longitudinal point at which reinforcing layer
1508 terminates may be given by reinforced hub length 1512. For example, reinforced
hub length 1512 can extend into sheath hub 1510 to a desired depth in order to yield a
desired kink resistance along a certain length of the sheath. Reinforced hub length 1512
may be, for example, two centimeters long, such that reinforcing layer 1508 terminates
between 2 centimeters distal of the longitudinal point at which sheath hub 1510 termi-
nates. In other implementations, reinforced hub length 1512 may be one centimeter,
such that reinforcing layer 1508 terminates 1 centimeter distal the longitudinal point at
which sheath hub 1510 terminates. In further implementations, reinforced hub length
1512 may be zero, such that reinforcing layer 1508 terminates at the longitudinal point
at which sheath hub 1510 terminates. The specific distance between the point at which
the reinforcing layer terminates and the point at which the sheath hub terminates can be
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selected to yield a specific kink resistance between those two points along the length of
the sheath body. The surface of the reinforcing layer is configured with discontinuities to
facilitate the peeling away of the reinforcing layer. The peeling away is initiated in the
sheath hub, and for implementations having the reinforcing layer extend into the sheath
hub, the peeling away of the reinforcing layer is facilitated, as the practitioner can di-
rectly apply the peel-away force to a portion of the sheath body containing the reinforc-
ing layer.

[0086] Figure 16 shows an illustrative introducer sheath assembly 1600 including a
sheath body 1700 (further described in relation to Figure 17) coupled to a sheath hub
1602. As described further below in relation to Figures 17-19, the sheath body 1700 has
a helical design including two strips 1706 and 1708 of materials with different rigidities.
At least one benefit of this two-material helical design is the ability to obtain a sheath
with composite material properties, to improve flexibility while improving kink resistance.
In one aspect, the sheath body 1700 can have a ring design including alternating rings
of materials with different rigidities. In another aspect, the sheath body 1700 can have a
longitudinal strip design including alternating strips of materials with different rigidities.
The sheath body 1700 and sheath hub 1602 both have proximal and distal ends. The
distal end of the sheath hub 1602 is coupled to the proximal end of the sheath body
1700. For example, the distal end of the sheath hub is adhered or bonded to the proxi-
mal end of the sheath body. Alternatively, the distal end of the sheath hub is integrally
formed with the proximal end of the sheath body. The sheath hub 1602 includes a grip-
ping surface 1604 and notches 1606. The gripping surface 1604 may be formed of two
diametrically opposed tabs, or any other suitable geometry for gripping. The gripping
surface 1604 facilitates a peel-away of the sheath hub 1602 and the sheath body 1700.
During peel-away of the sheath, a force is applied to the gripping surface 1604 (e.g.
tabs as shown in Fig. 16) and the sheath hub 1602 is bisected along its longitudinal
axis, beginning with notches 1606. Notches 1606 can be axially aligned along the length
of the sheath hub and are oriented opposite each other. The notches 1606 on the
sheath hub 1602 can be on an inner surface of the sheath hub 1602 or on an outside
surface of the sheath hub 1602. The sheath hub 1602 can be separated into two pieces
by breaking the sheath hub along the notches 1606 through the application of force to
the gripping surface 1604 of the sheath hub 1602. As described further below in relation
to Figures 20-23, the sheath body can have notches on an inside surface of the sheath
body 1700 (Figures 20 and 21) or on an outside surface of the sheath body 1700 (Fig-
ures 22 and 23). Notches along the sheath body 1700 may be replaced by score lines.
The notches on sheath body 1700 can align with notches 1606 in order to facilitate the
peel-away of the sheath hub 1602 and the sheath body 1700. At least one advantages
of the notches or score lines on sheath body 1700 is improving the ease with which the
sheath may be peeled-away, cutting across both helical strips of the sheath. The sheath
body 1700 can be separated into two pieces after breaking the sheath hub 1602 by
breaking the sheath body 1700 along the notches of the sheath body 1700 through fur-
ther application of force to the gripping surface 1604 of the sheath hub 1602.

[0087] The lumens of the sheath body 1700 and sheath hub 1602 are in fluid communi-
cation, allowing for passage of a medical device between the sheath hub 1602 and the
sheath body 1700. In one aspect, the sheath hub 1602 includes a hemostasis valve.
The hemostasis valve can be sized to prevent fluid from exiting the proximal end of the
hub during the insertion of a medical device.
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[0088] Figures 17 and 18 show an illustrative sheath body 1700 (e.g. the sheath body
1700 of Figure 16), comprising a distal end 1702, a proximal end 1704, a first strip
1706, and a second strip 1708. The first strip 1706 and the second strip 1708 are ori-
ented in alternating or complementary helices extending from the distal end 1702 to the
proximal end 1704 of the sheath body 1700, forming a cylindrical lumen. As described
further below in relation to Figure 19, the inner diameter of the lumen, the widths of the
first strip 1706 and the second strip 1708, and the helix angle are correlated and the
corresponding values selected to obtain the desired sheath properties. The lumen can
be sized to allow for the insertion of a medical device. For example, the lumen can be
sized to allow for the insertion of a percutaneous pump. The inner diameter of the lumen
can range from 3Fr (1 mm) to 23Fr (7.67 mm). The length of the sheath body 1700 can
range from 7 cm (e.g. for percutaneous axillary/subclavian insertions) to 45 cm (e.g. for
femoral transcaval insertions). For percutaneous access through the axillary/subclavian
arteries the length of the sheath body can be shorter. In contrast, for percutaneous ac-
cess through the femoral artery, a longer sheath body is needed.

[0089] The first strip 1706 and the second strip 1708 are made of materials having dif-
ferent flexibility and rigidity. For example, the first strip 1706 is made of a first material
having a first rigidity and the second material is made of a second material having a
second rigidity. The first rigidity can be larger than the second rigidity. Examples of ma-
terials that can be used as the first and second materials include polyether block amide
(PEBA) materials, polyethylene materials, and thermoplastic elastomers. Examples of
PEBA materials that can be used as the first and second materials include PEBAX 7233
and PEBEX 3533, respectively. Low-density polyethylene (LDPE) and high-density pol-
yethylene (HDPE) are examples of polyethylene materials that can be used as the first
material. Examples of thermoplastic elastomers that can be used as the second mate-
rial include styrene ethylene butylene styrene (SEBS) and ethylene-vinyl acetate (EVA).
For example, the first strip 206 can be made of PEBAX 7233 while the second strip
1708 is made of EVA. At least one benefit of having the first strip juxtaposed with the
second strip having different material properties is the ability to select specific rigidity
properties for the introducer sheath as a whole.

[0090] The distal end 1702 of the sheath body 1700 can include a tapered tip. The ta-
pered tip maintains a constant inner diameter of the lumen of the sheath body 1700 but
tapers the outside wall of the sheath body 1700 in order to allow for a smooth transition
at the distal end 1702 of the sheath body 1700. The tapered tip can be formed from the
first material of the first strip 1706, the second material of the second strip 1708, both
the first material and the second material, or a third material. If the tapered tip is formed
from both the first material and the second material, the tapered tip can be manufac-
tured through thermoforming the sheath body 1700 in a die. If the tapered tip is formed
from the first material only, the second material only, or a third material only, the tapered
tip can be manufactured through thermoforming a small tube of the selected tapered tip
material onto the distal end 1702 of the sheath body 1700. At least one advantage of
the tapered tip is to minimize trauma to the vasculature when inserting the sheath, while
maintaining the desired material properties for the sheath.

[0091] Figure 19 shows a schematic profile of the flexible sheath body 1700 of FIG. 17
with the first strip 1706 having a first width 1710 and the second strip 1708 having a
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second width 1712. Also shown in Figure 19 is helix angle 1714. Helix angle 1714 is de-
fined as the arctangent of the ratio of the inner diameter of the lumen of the sheath body
1700 to the thicker of first width 1710 and second width 1712. The first width 1710 and
second width 1712 can range from 0.17 mm to 3.83 mm. In one aspect, the first width
1710 and the second width 1712 can be the same width. For example, the first width
1710 and the second width 1712 can be 1 mm. In another aspect, the first width 1710
and the second width 1712 can be different widths. For example, the first width 1710
can be 3mm and the second width can be 1 mm. The helix angle can vary from 0° to
90°. In the helix design, the helix angle 1714 preferably ranges from 60° to 80°. As men-
tioned above, the sheath body 1700 can alternatively have a ring design including alter-
nating rings of materials with different rigidities or a longitudinal strip design including
alternating strips of materials with different rigidities. If using a ring design, the helix an-
gle 1714 is 90° because each ring is perpendicular with the lumen of the sheath body
1700. If using a longitudinal strip design, the helix angle 1714 is 0° because each strip
is parallel with the lumen of the sheath body 1700.

[0092] As mentioned above, sheath body 1700 can have notches that facilitate a peel
away of the sheath body 1700. The notches can be triangular in shape and form a part
of a wall of the sheath body 1700. The wall of the sheath body 1700 can range in thick-
ness from 0.1 mm to 1.67 mm. The notches can take up 50% to 90% of the total wall
thickness. For example, the thickness of the notches can be between 0.05 mm and 1.5
mm. Figures 20 and 21 show an illustrative sheath body 1800 comprising a first inner
notch 1802 and a second inner notch 1804. The first inner notch 1802 and second inner
notch 1804 can be axially aligned along the length of the sheath body 1800 and ori-
ented opposite each other. The first inner notch 1802 and the second inner notch 1804
run along the inner surface of the sheath body 1800. As described further below in rela-
tion to Figure 9, the first inner notch 1802 and the second inner notch 1804 can be
formed on a mandrel during the manufacturing of the sheath body 1800. Similarly, the
inner notches 1606 of the sheath hub 1602 can be formed on a core pin during the
manufacturing of the sheath hub 1602. Putting notches on the inner surface of the
sheath body helps maintain a smooth circular outer profile of the sheath body while ena-
bling an easier peeling-away of the sheath, cutting across the helices of the first strip
1706 and second strip 1708.

[0093] Alternatively, the notches on the sheath body can be on the outer surface of the
sheath body. Figures 22 and 23 show an illustrative sheath body 1900 comprising a first
outer notch 1902 and a second outer notch 1904. The first outer notch 1902 and second
outer notch 1904 can be axially aligned along the length of the sheath body 1900 and
oriented opposite each other. The first outer notch 1902 and the second outer notch
1904 can be cut out of the sheath body 1900 by skiving. Similarly, the outer notches
1606 of the sheath hub 1602 can be cut out of the sheath hub 1602, at least partially, by
skiving. In another aspect, the outer notches 1606 of the sheath hub 1602 can be
formed with a geometry in a mold during the manufacturing the of the sheath hub 1602.
Putting the notches on the outer surface of the sheath provides a smooth circular inner
surface of the sheath to facilitate passage of instruments and a device for insertion.

[0094] The sheath body 1700 can be made using a lamination process whereby the first
strip 1706 and the second strip 1708 are wrapped around a lamination mandrel and
heated to bond together. Figure 24 shows a process 1900 of manufacturing the flexible
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sheath body 1700, described above in relation to Figure 17, by lamination. At step 1702,
a first strip 1706 of a first material and a second strip 1708 of a second material are
wrapped adjacently around a mandrel. As mentioned above in relation to Figure 17, the
first strip 1706 and the second strip 1708 can be made of materials having different flex-
ibility and rigidity. For example, the first strip 1706 can be made of a first material having
a first rigidity and the second material can be made of a second material having a sec-
ond rigidity. The first rigidity can be larger than the second rigidity.

[0095] At step 1904, a first distal end of the first strip 1706 and a second distal end of
the second strip 1708 is secured. For example, the first distal end of the first strip 1706
and the second distal end of the second strip 1708 can be pinched in place against the
mandrel. Alternatively, both distal ends can be entrapped within a restraining sheath, or
held in place by a temporary adhesive.

[0096] At step 1906, a first proximal end of the first strip 1706 and a second proximal
end of the second strip 1708 is secured. Any of the methods used to secure the distal
ends of the strips 1706 and 1708 can be used to secure the proximal ends of the strips
1706 and 1708.

[0097] At step 1908, a heat shrink tube is placed over the first strip 1706, the second
strip 1708, and the mandrel. Heat is applied over the heat shrink tube, which heats the
first strip 1706 and the second strip 1708 and bonds them to each other along the heli-
cal edges of each strip. The heat shrink tube can be made of a polytetrafluoroethylene
(PTFE) material, a fluorinated ethylene propylene (FEP), or other suitable heat shrink
material. The source of energy used to apply heat over the heat shrink tube can be a la-
ser beam or any other suitable heat generating method.

[0098] At step 1910, the heat shrink tube, first strip 1706, and second strip 1708 are
heated. During the heating, the heat shrink tube material remains intact (i.e. does not
melt) whereas first strip 1706 and second strip 1708 are reflowed and bonded together
along the helical edges of each strip.

[0099] At step 1912, the heat shrink tube is removed, leaving the bonded first strip 1706
and the second strip 1708 on the mandrel.

[0100] At step 1914, the sheath body 1700, formed by the bonded first strip 1706 and
second strip 1708, is removed from the mandrel. For example, when the bonded strips
may be removed as a whole from the mandrel may depend on a length of time needed
for the bonded strips to cool down after the heat-shrink process is complete. As men-
tioned above in relation to Figures 19 and 20, the mandrel can include protrusions with
triangular geometries, which can mold inner notches 1802 and 1804 onto the sheath
body 1700. The triangular geometries on the mandrel can be axially aligned along the
length of the mandrel and oriented opposite each other. The triangular geometries on
the mandrel can have the dimension of the desired inner notches 1802 and 1804. For
example, the height of the triangular geometries on the mandrel can range from 0.05
mm up to 1.5 mm. At least one advantage of the manufacturing method described
above includes the ability to obtain a sheath with evenly bonded strips of two different



10

15

20

25

30

35

40

DK/EP 3793633 T5

32

materials, in order to obtain a sheath with composite material properties having im-
proved flexibility and kink-resistance for introducing the sheath into a patient vascula-
ture.

[0101] As mentioned above, the sheath body can be made from two strips of materials
having different rigidity. Alternatively, the sheath body can include an inner lumen made
of a third material. Figure 25 shows an illustrative sheath body 2100 comprising a first
strip made of a first material 2102, a second strip made of a second material 2104, and
an inner lumen 2106. In one aspect, sheath body 2100 comprises a ring design includ-
ing alternating rings of materials having different rigidities. In another aspect, sheath
body 2100 comprises a longitudinal strip design including alternating strips of materials
having different rigidities. The inner lumen 2106 can be made of a third material having
the same or different rigidity as the first and/or second materials. In one aspect, the in-
ner lumen 2106 can be made with the same material as the first strip 2102 or the sec-
ond strip 2104. In another aspect, the inner lumen 2106 can be made from a lubricious
material such as PTFE or FEP. Similar to sheath body 1800 discussed in relation to Fig-
ures 20 and 21, sheath body 2100 includes first outer notch 2108 and a second outer
notch 2110. The first outer notch 2108 and second outer notch 2110 can be axially
aligned along the length of the sheath body 2100 and oriented opposite each other. The
first outer notch 2108 and second outer notch 2110 can go through the thickness of the
first strip 2102 and the second strip 2104. Alternatively, the first outer notch 2108 and
second outer notch 2110 can go through the thickness of the first strip 2102 and the
second strip 2104 as well as continue partially but not completely through the thickness
of the inner lumen 2106. As mentioned above, the first outer notch 2108 and the second
outer notch 2110 can be cut out of the sheath body 2100 by skiving. As discussed in re-
lation to Figures 20 and 21, the notches can alternatively be on the inner surface such
that the first strip 2102 and the second strip 2104 are surrounded by an outer tube. By
including inner lumen 2106 in sheath body 2100, a consistent and smooth tear propaga-
tion can be achieved compared with sheath bodies 1700, 1800, and 1900. Having the
first outer notch 2108 and second outer notch 2110 partially extend through the thick-
ness of the inner lumen 2106 increases the likelihood that the tear propagates along the
notches and decreases the likelihood that the tear propagates along the interface be-
tween the first strip and the second strip.

[0102] The foregoing is merely illustrative of the principles of the disclosure and the ap-
paratuses can be practiced by other than the described aspects, which are presented
for purposes of illustration and not of limitation. It is to be understood that the apparat-
uses disclosed herein, while shown for use in percutaneous insertion of blood pumps,
may be applied to apparatuses in other applications requiring hemostasis.



10

15

20

25

30

DK/EP 3793633 T5

Patentkrav

1. Aftagelig kappeenhed (100) til indseettelse af en blodpumpe, hvor den afta-
gelige kappeenhed (100) omfatter:

et aftageligt kappenav (102; 701; 1001; 1510); og

et aftageligt kappelegeme (103; 707; 1502), der omfatter:

en proksimal ende (104; 1006), der er forbundet med det aftagelige kappenav
(102; 1001),

en distal ende (106),

et udvendigt lag (114; 206; 226; 306; 406; 506; 526; 606; 806; 1106; 1506),
der definerer en udvendig radius af det aftagelige kappelegeme (103; 707;
1502),

et indvendigt lag (110; 202; 222; 302; 402; 502; 522; 602; 802; 1102; 1504),
der definerer et farste lumen (108; 208; 230; 310; 408; 508; 528; 808) af det
aftagelige kappelegeme (103; 707; 1502) med en indvendig radius,

et forsteerkende lag (112; 204; 224; 304; 320; 330; 404; 504; 524; 604; 804;
1104; 1508), der er placeret mellem den indvendige radius og den udvendige
radius, hvor det forstaerkende lag (112; 204; 224; 304; 320; 330; 404; 504; 524;
604; 804; 1104; 1508) har en stivhed, der er stagrre end mindst én af stivheden
i detindvendige lag (110; 202; 222; 302; 402; 502; 522; 602; 802; 1102; 1504)
og en stivhed af det udvendige lag (114, 206; 226; 306; 406; 506; 526; 606;
806; 1106; 1506), og hvor det forsteerkende lag (304; 320; 330; 604) omfatter
mindst to diskontinuiteter (308; 322, 324; 332; 610), der er jeevnt eller variabelt
fordelt langs en laengde af den aftagelige kappeenhed (103; 707; 1502), og
et eller flere indhak (410; 412; 510; 530; 1108), der streekker sig fra en yderste
eller inderste overflade af den aftagelige kappeenhed (103; 707; 1502) og
treenger gennem nogle af lagene, sdsom henholdsvis gennem det udvendige
lag (406; 506) og forsteerkningslaget (404; 504) eller gennem det indvendige
lag (402; 522; 1102) og forsteerkningslaget (404; 524; 1104),

hvor det ene eller flere indhak (410; 412; 510; 530; 1108) er konfigureret som

en reekke pa linje med adskilte indhak, der definerer en afrivningslinje eller som
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en kontinuerlig afrivningslinje langs leengden af den aftagelige kappeenhed
(1083; 707; 1502), hvor afrivningslinjen er pa linje med de mindst to diskontinu-
iteter (308; 322; 324; 332; 610) af det forsteerkende lag (304; 320; 330; 604),
hvor den aftagelige kappeenhed (103; 707; 1502) er konfigureret til at blive

afrevet langs afrivningslinjen.

2. Aftagelig kappeenhed ifglge krav 1, hvor det forsteerkende lag (112; 204;
224; 304; 320; 330; 404; 504; 524; 604; 804; 1104; 1508) er et hyporgr, der

fortringvis er konfigureret som to c-formede halvdele.

3. Aftagelig kappeenhed ifglge krav 1 eller 2, hvor de mindst to diskontinuiteter
(308; 322, 324; 332; 610) er periferiske diskontinuiteter.

4. Aftagelig kappeenhed ifalge krav 3, hvor de mindst to periferiske diskonti-
nuiteter hver iseer omfatter spalter, der er dannet i en overflade af hyporgret.

5. Aftagelig kappeenhed ifalge krav 4, hvor spalterne er parallelle med hinan-
den og er ensartet fordelt langs en leengde af hyporgret, og/eller hvor spalterne
har en leengde i en perifer retning, og leengden af spalterne er i det vaesentlige
identisk for alle spalter.

6. Aftagelig kappeenhed ifalge krav 4 eller 5, hvor spalterne omfatter:

et seet forste spalter, hvor hver spalte i seettet af farste spalter har et center,
hvor centre af hver spalte i saettet af forste spalter danner en forste spalteakse
langs hyporgrets laengde, og

et saet andre spalter, hvor hver spalte i seettet af andre spalter har et center,
hvor centre af hver spalte i saettet af andre spalter danner en anden spalteakse
langs hyporgrets laengde, og

hvor den anden spalteakse er forskudt med en vinkel fra den forste akse.
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7. Aftagelig kappeenhed ifglge krav 6, hvor indhakkene definerer forste og an-
den afrivningslinje pa overfladen af den aftagelige kappeenhed (103; 707;
1502), hvor ved en hvilken som helst langsgaende placering langs det aftage-
lige kappelegeme (103; 707; 1502), er den fgrste spalteakse pa samme peri-
feriske placering som den farste afrivningslinje, og den anden spalteakse er
pa samme periferiske placering som den anden afrivningslinje, hvor mindst en
af afrivningslinjerne er fortrinsvis placeret pa den inderste overflade af det af-
tagelige kappelegeme (103; 707; 1502) og streekker sig fortrinsvis langs hele
lzengden af det aftagelige kappelegeme eller pa den yderste overflade af det
aftagelige kappelegeme (103; 707; 1502).

8. Aftagelig kappeenhed ifalge krav 7, hvor den fgrste og anden afrivningslinje

er diametralt modsat hinanden.

9. Aftagelig kappeenhed ifglge et hvilket som helst af kravene 1-8, hvor det
aftagelige kappenav (102; 701; 1001) yderligere omfatter:

en proksimal konisk del (702; 910; 1002), og

en distal cylindrisk del (704; 810; 1004);

hvor fortrinsvis den proksimale koniske del (702; 910; 1002) omfatter en prok-
simal perifer diskontinuitet (703; 912; 1003), og den distale cylindriske del
(704; 810; 1004) omfatter en distal perifer diskontinuitet (705; 812; 1005); og
hvor yderligere fortrinsvis den proksimale periferiske diskontinuitet (703; 912;
1003) og distale periferiske diskontinuitet (705; 812; 1005) er pa linje i en
langsgaende retning, og/eller en distal ende af den distale periferiske diskon-
tinuitet (705; 812; 1005) stader op til en proksimal ende af den mindst ene

afrivningslinje langs overfladen af det aftagelige kappelegeme (103; 707).

10. Aftagelig kappeenhed ifolge et hvilket som helst af kravene 1-9, hvor det
indvendige lag (110; 202; 222; 302; 402; 502; 522; 602; 802; 1102; 1504) og
det udvendige lag (114; 206; 226; 306; 406; 506; 526; 606; 806; 1106; 1506)
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bestar af en termoplast, fortrinsvis mindst en af PEBAX eller TPU.

11. Aftagelig kappeenhed ifglge et hvilket som helst af kravene 1-10, hvor det
forsteerkende lag (112; 204; 224; 304; 320; 330; 404; 504; 524; 604; 804; 1104;
1508) er mindst én af LCP, PEBAX, rustfrit stal, Nitinol eller Kevlar.

12. Aftagelig kappeenhed ifglge et hvilket som helst af kravene 1-11, hvor det
forsteerkende lag (112; 204; 224; 304; 320; 330; 404; 504; 524; 604; 804; 1104;
1508) kun findes i en distal del af det aftagelige kappelegeme (103; 707; 1502)
eller kun i en proksimal del af det aftagelige kappelegeme (103; 707; 1502)
eller kun i en midterdel af det aftagelige kappelegeme (103; 707; 1502) eller i
skiftende dele langs leengden af det aftagelige kappelegeme (103; 707; 1502).

13. Aftagelig kappeenhed ifglge et hvilket som helst af kravene 1-12, hvor en
hydrofil coating deekker mindst en del af det udvendige lag (114) af det afta-
gelige kappelegeme (103), hvor fortrinsvis den del af det udvendige lag (114),
der er daekket af den hydrofile coating, straekker sig fra den distale ende (106)
af det aftagelige kappelegeme (103) til ca. 5 cm distalt fra den proksimale ende
(104) af det aftagelige kappelegeme (103), og mere fortrinsvis ca. 2 cm distalt
fra den proksimale ende (104) af det aftagelige kappelegeme (103).

14. Fremgangsmade til fremstilling af den aftagelige kappeenhed (100) til ind-
seettelse af en blodpumpe ifglge et hvilket som helst af kravene 1-13, omfat-
tende:

coating af en dorn med et forste lag af et forste materiale;

varmekrympning af det fgrste lag;

coating af det varmekrympede forste lag med et andet lag af et andet materiale
0g

et yderste tredje lag af et tredje materiale, hvor det andet lag er det forsteer-
kende lag (112; 204; 224; 304; 320; 330; 404; 504; 524; 604; 804; 1104; 1508);
0g
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varmekrympning af farste, andet og tredje lags materialer.

15. Fremgangsmade ifglge krav 14, hvor dornen har et haevet fremspring, der
er konfigureret til at efterlade mindst et indhak med en indvendig diameter
(410; 530; 1108) i det varmekrympede kappelegeme, hvor det indvendige di-
ameterindhak (410; 530; 1108) streekker sig fra en inderste overflade af det

farste lag gennem det andet lag og ender far eller inden i det tredje lag.
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