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HEMOSTASIS VALVES AND RELATED COMPONENTS
AND METHODS

RELATED APPLICATIONS
[0001] This application claims priority to United States Provisional Application No.
62/220,684, filed on September 18, 2015 and titled, “Hemostasis Valves and Related
Components and Methods,” which is hereby incorporated by reference in its entirety.
TECHNICAL FIELD
[0002] The present disclosure relates generally to the field of medical devices and
related methods. More particularly, some embodiments relate to hemostasis valves
and hemostasis valve assemblies for preventing or minimizing fluid loss during
medical procedures, such as interventional and/or diagnostic procedures.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The written disclosure herein describes illustrative embodiments that are
non-limiting and non-exhaustive. Reference is made to certain of such illustrative
embodiments that are depicted in the figures, in which:
[0004] FIG. 1A is a perspective view of a hemostasis valve assembly.
[0005] FIG. 1B is a front view of the hemostasis valve assembly of FIG. 1A.
[0006] FIG. 1C is a cross-sectional front view of the hemostasis valve assembly
of FIG. 1A
[0007] FIG. 1D is a cross-sectional side view of the hemostasis valve assembly of
FIG. 1A
[0008] FIG. 2A is a perspective view of an elastomeric member of the hemostasis
valve assembly of FIG. 1A.
[0009] FIG. 2B is a top view of the elastomeric member of FIG. 2A.
[0010] FIG. 2C is a cross-sectional front view of the elastomeric member of FIG.
2A.
[0011] FIG. 2D is a cross-sectional side view of the elastomeric member of FIG.
2A.
[0012] FIG. 3A is a cross-sectional front view of the elastomeric member of FIG.
2A with an elongate member of relatively small diameter extending therethrough.
[0013] FIG. 3B is a cross-sectional side view of the elastomeric member of FIG.

3A with an elongate member of relatively small diameter extending therethrough.
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[0014] FIG. 4A is a cross-sectional front view of the elastomeric member of FIG.
2A with an elongate member of intermediate diameter extending therethrough.
[00156] FIG. 4B is a cross-sectional side view of the elastomeric member of FIG.
4A with an elongate member of intermediate diameter extending therethrough.
[0016] FIG. 4C is a cross-sectional view of the elastomeric member and the
elongate member of FIG. 4A through line 4C-4C of FIG. 4A.
[0017] FIG. 4D is a cross-sectional view of the elastomeric member and the
elongate member of FIG. 4A through line 4D-4D of FIG. 4A.
[0018] FIG. 5A is a cross-sectional front view of the elastomeric member of FIG.
2A with an elongate member of relatively large diameter extending therethrough.
[0019] FIG. 5B is a cross-sectional side view of the elastomeric member of FIG.
5A with an elongate member of relatively large diameter extending therethrough.
[0020] FIG. 6A is a perspective view of a hemostasis valve assembly coupled to
an introducer sheath that has been inserted into a patient.
[0021] FIG. 6B is a perspective view of the hemostasis valve assembly and
introducer sheath of FIG. 6A with an elongate member extending therethrough.
[0022] FIG. 6C is a perspective view of the hemostasis valve assembly,
introducer sheath, and elongate member of FIG. 6B in which the hemostasis valve
assembly is split to facilitate removal of the hemostasis valve assembly from around
the elongate member.

DETAILED DESCRIPTION
[0023] In many medical procedures (e.g., angiography, angioplasty, stent
placement, etc.), an introducer sheath may be inserted into the vasculature of a
patient to provide an access point for inserting other medical instruments into the
patient. To prevent or minimize blood loss through the introducer sheath, a
hemostasis valve assembly may be attached to the proximal end of the introducer
sheath. With the hemostasis valve assembly and the introducer sheath in place,
elongate medical instruments, such as guidewires, catheters, and other medical
implements, may then be inserted through the hemostasis valve assembly and
advanced through the introducer sheath.
[0024] In some instances, the elongate medical instruments that are advanced
through the hemostasis valve assembly may have different sizes (e.g., different outer
diameters). In other or further instances, the size of the outer diameter of a single

elongate medical instrument that is passed through the hemostasis valve assembly
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may vary along the length of the elongate medical instrument. Some hemostasis
valves and hemostasis valve assemblies disclosed herein are sized to allow passage
of a portion of an elongate instrument that includes an outer diameter of greater than
or equal to 9 Fr, 12 Fr, and/or 14 Fr without damaging the valve. In other or further
embodiments, hemostasis valves disclosed herein may form a liquid-tight seal
around various sized diameters. For example, in some embodiments, a hemostasis
valve is configured to form a liquid-tight seal around a relatively small-diameter
elongate medical instrument, a medium-diameter elongate medical instrument, and a
relatively large-diameter elongate medical instrument. For instance, in some
embodiments, a hemostasis valve is configured to form a liquid-tight seal around an
elongate instrument with a diameter of 1-2 Fr, an elongate instrument with a
diameter of 4—7 Fr, and an elongate instrument with a diameter of 8-10 Fr.

[0025] In some embodiments, the hemostasis valve and/or introducer sheath are
configured to be removed from an elongate member that extends through the
hemostasis valve and/or introducer sheath without retracting the hemostasis valve
and/or introducer sheath over a proximal end of the elongate member. For example,
in some embodiments, the hemostasis valve and/or introducer sheath may be split
by a practitioner. The split hemostasis valve and/or introducer sheath may then be
removed from the elongate member without retracting such components over a
proximal end of the elongate member.

[0026] Some of the hemostasis valves described herein can be used in a variety
of different procedures. For example, in an exemplary medical procedure, an
introducer sheath is introduced into the vasculature of a patient in any suitable
fashion (e.g., via insertion into the femoral artery of a patient). A hemostasis valve
may be coupled to a proximal end of the introducer sheath to prevent blood loss
through the proximal end of the introducer sheath. Once the introducer sheath and
hemostasis valve are in place, an elongate medical instrument may be inserted
through the hemostasis valve, passed through the introducer sheath, and advanced
within the vasculature of the patient. The elongate medical instrument may be left
within the vasculature for as long as needed. In some circumstances, a practitioner
may desire to remove the introducer sheath and the hemostasis valve assembly
from around the elongate instrument without retracting such components over a
proximal end of the device. For example, while the elongate medical instrument is in

use, the practitioner may snap, rip, tear, split, cut, or otherwise separate portions of
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the hemostasis valve assembly and/or introducer sheath from one another, thereby
allowing a practitioner to remove such components from around the elongate
medical instrument.

[0027] The components of the embodiments as generally described and
illustrated in the figures herein can be arranged and designed in a wide variety of
different configurations. Thus, the following more detailed description of various
embodiments, as represented in the figures, is not intended to limit the scope of the
present disclosure, but is merely representative of various embodiments. While
various aspects of the embodiments are presented in drawings, the drawings are not
necessarily drawn to scale unless specifically indicated.

[0028] The phrase “coupled to” is broad enough to refer to any suitable coupling
or other form of interaction between two or more entities, including mechanical and
fluid interaction. Two components may be coupled to each other even though they
are not in direct contact with each other. The phrase “attached to” refers to
interaction between two or more entities that are in direct contact with each other
and/or are separated from each other only by a fastener of any suitable variety. The
phrase “fluid communication” is broad enough to refer to arrangements in which a
fluid (e.g., a gas or a liquid) can flow from one element to another element when the
elements are in fluid communication with each other. Unless otherwise stated, all
ranges include both endpoints and all numbers between the endpoints.

[0029] The terms “proximal” and “distal’” are opposite directional terms. The distal
end of a device or component is the end of the device or component that is furthest
from the practitioner during ordinary use. The proximal end refers to the opposite
end, or the end nearest the practitioner during ordinary use. A hemostasis valve or
hemostasis valve assembly is in a “resting state” when no elongate member (e.g., an
elongate medical device) is disposed across of the hemostasis valve. The term
‘longitudinal axis,” when used with reference to a hemostasis valve assembly, refers
to an imaginary line extending proximally to distally through the center of the
hemostasis valve assembly.

[0030] FIGS. 1A-1D provide alternative views of a hemostasis valve assembly
100. More particularly, FIG. 1A provides a perspective view of the hemostasis valve
assembly 100. FIG. 1B provides a front view of the hemostasis valve assembly 100.
FIG. 1C provides a cross-sectional front view of the hemostasis valve assembly 100.

And FIG. 1D provides a cross-sectional side view of the hemostasis valve assembly
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100. With reference to FIGS. 1A-1D, the hemostasis valve assembly 100 may
include a housing 110 (which may alternatively be referred to as a hub), a valve
(e.g., an elastomeric member 120), and a cap 130.

[0031] The housing 110 may include a central region 111. The central region 111
may define a first lumen 102 that extends along the longitudinal axis 5 of the
hemostasis valve assembly 100. The first lumen 102 may be configured to
accommodate one or more elongate members (e.g., elongate medical instruments)
that may be used in a medical procedure. In some embodiments, the central region
111 may include a first reduced-thickness portion 118 and a second reduced-
thickness portion 119. For example, a first reduced-thickness portion 118 may
extend proximally to distally along the front of the housing 110, while a second
reduced-thickness portion 119 may extend proximally to distally along the back of
the housing 110. The reduced-thickness portions 118, 119 may be configured to
facilitating breakage or splitting of the housing 110 along the reduced-thickness
portions 118, 119. For example, the housing 110 may be configured to break into
two separate portions 115, 117 that are separated by the reduced-thickness portions
118, 119.

[0032] The housing 110 may also include a plurality of arms 114, 116 that extend
radially outward from the central region 111. Stated differently, a first arm 114 and a
second arm 116 may extend radially outward relative to a longitudinal axis 5 of the
hemostasis valve assembly 100. The arms 114, 116 may be configured to facilitate
splitting of the hemostasis valve assembly 100 (or components thereof). Stated
differently, the first arm 114 and the second arm 116 may be configured to separate
portions 115, 117 of the housing 110 from one another to permit removal of the
housing 110 from an elongate member that extends through the elastomeric member
120 without retracting the housing 110 over the proximal end of the elongate
member. For example, a practitioner may apply a first force to a central region 111 of
the housing 110 and opposing forces on the arms 114, 116, thereby causing the
housing 110 to break and/or snap. In some embodiments, the housing 110 may
break and/or snap along the first reduced-thickness portion 118 and the second
reduced-thickness portion 119, thereby breaking the housing 110 into two separate
pieces 115, 117. Additional disclosure relating to breakage of the housing 110 is

described below in connection with FIG. 6C.
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[0033] In some embodiments, the housing 110 may also define a second lumen
104 that is in fluid communication with and extends laterally from the first lumen 102.
The second lumen 104 may be configured to couple to a secondary device. For
example, fluid from a secondary device may be delivered into the hemostasis valve
assembly 100 via the second lumen 104.

[0034] The housing 110 may be coupled to a proximal portion of an introducer
sheath 180 in any suitable manner. For example, in some embodiments, the housing
110 is molded to, integrally formed with, or fused to, the introducer sheath 180. In
other embodiments, the housing 110 is coupled to the introducer sheath 180 via an
adhesive, frictional engagement, or via some other mechanism.

[0035] In some embodiments, the housing 110 also defines and/or forms a
cylindrical inner diameter 112. In the depicted embodiment, the cylindrical inner
diameter 112 is sized to accommodate an elastomeric member 120. In some
embodiments, the portion of the housing 110 that defines the cylindrical inner
diameter 112 is disposed proximal of the remaining portions of the housing 110.
[0036] The elastomeric member 120 of the hemostasis valve assembly 100 may
be configured to be at least partially disposed within the cylindrical inner diameter
112 defined by the housing 110. The elastomeric member 120 may form a variable-
width channel 142 that extends partway through the elastomeric member 120. The
channel 142 may be centered around and extend along the longitudinal axis 5 of the
hemostasis valve assembly 100. As described in further detail below in connection
with other figures, the elastomeric member 120 may be configured to form a liquid-
tight seal around an elongate member (not shown) that extends through the
hemostasis valve assembly 100.

[0037] In some embodiments, the elastomeric member 120 includes a recess 122
disposed adjacent a proximal end of the elastomeric member 120. For example, in
the depicted embodiment, the recess 122 extends in circular fashion around a
longitudinal axis 5 of the hemostasis valve assembly 100.

[0038] The cap 130 of the hemostasis valve assembly 100 may be secured to the
housing 110 by adhesive, detents, and/or some other coupling mechanism, thereby
securing the elastomeric member 120 at least partially within the inner diameter 112
formed by the housing 110. More particularly, in some embodiments, the cap 130
includes one or more protrusions 132 that extend distally from a proximal portion of

the cap 130. When the cap 130 is secured to the housing 110, the one or more
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protrusions 132 of the cap 130 may engage with the recess 122 of the elastomeric
member 120. The interaction between the one or more protrusions 132 and the
recess 122 may secure (or more fully secure) the elastomeric member 120 at least
partially within the inner diameter 112 of the housing 110. In some embodiments, the
cap 130 is formed from two unconnected portions. For example, in the depicted
embodiment, the cap 130 is formed from a first portion 134 and a second portion 136
that are separately coupled to the housing 110. In such embodiments, the portions
134, 136 of the cap 130 may separate from one another as the housing 110 is split.
[0039] In some embodiments, the hemostasis valve assembly 100 may also
include one or more pieces of foam 190 that are disposed between the cap 130 and
the elastomeric member 120. The one or more pieces of foam 190 may hold
lubricious fluid that eases insertion and removal of various elongate members (e.g.,
therapy devices). The one or more pieces of foam 190 may also provide additional
structural support adjacent the proximal end of the elastomeric member 120. In the
depicted embodiment, the foam 190 is donut-shaped.

[0040] Hemostasis valves assemblies, such as hemostasis valve assembly 100,
may be manufactured in any suitable manner. For example, in some embodiments,
manufacturing the hemostasis valve assembly 100 involves obtaining a housing 110
and an elastomeric member 120. The elastomeric member 120 may be formed from
any suitable material. For example, in some embodiments, the elastomeric member
120 is formed from silicone rubber. The elastomeric member 120 may be placed or
otherwise disposed within (or at least partially disposed within) an inner diameter 112
defined by the housing 110.

[0041] The inner diameter 112 defined by the housing 110 may radially compress
the elastomeric member 120. Stated differently, when disposed within the inner
diameter 112 defined by the housing 110, the elastomeric member 120 may be
compressed toward a longitudinal axis 5 of the hemostasis valve assembly 100. In
some embodiments, the width (i.e., outer diameter) of the elastomeric member 120
when at least partially disposed within the cylindrical inner diameter 112 is between
97% and 94% of the width of the elastomeric member 120 when uncompressed. In
other embodiments, the width of the compressed elastomeric member 120 is less
than 94% of the width of the elastomeric member 120 when uncompressed.

[0042] Once the elastomeric member 120 is at least partially disposed within the

cylindrical inner diameter 112 of the housing 110, the cap 130 may be coupled to the
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housing 110, thereby securing the elastomeric member 120 within the cylindrical
inner diameter 112 of the housing 110. The cap 130 may be secured to the housing
110 in any suitable fashion. For example, in some embodiments the cap 130 is
secured to the housing 110 via an adhesive. In other or further embodiments, the
cap 130 is secured to the housing 110 via one or more detents and/or other coupling
elements. In some embodiments, one or more protrusions 132 of the cap 130 may
engage with a recess 122 of the elastomeric member 120 as the cap 130 is coupled
to the housing 110.

[0043] FIGS. 2A and 2B provide alternative views of the elastomeric member 120
of the hemostasis valve assembly 100 shown in FIGS. 1A-1C. More particularly,
FIG. 2A provides a perspective view of the elastomeric member 120. FIG. 2B
provides a top view of the elastomeric member 120 (showing the proximal end of the
elastomeric member 120). FIG. 2C provides a cross-sectional front view of the
elastomeric member 120 through line 2C-2C of FIG. 2B. And FIG. 2D provides a
cross-sectional side view of the elastomeric member 10 through line 2D-2D of FIG.
2B.

[0044] With reference to FIGS. 2A-2D, the elastomeric member 120 may include
one or more recesses 122 for engagement with one or more protrusions of the cap
to secure the elastomeric member 120 to the housing. For example, in some
embodiments, a single circular recess 122 extends into a proximal surface of the
elastomeric member 120. In other or further embodiments, the elastomeric member
120 includes one or more recesses in some other configuration for mating with one
or more protrusions of a cap.

[0045] The elastomeric member 120 may form a channel 142 that extends
partway through the elastomeric member 120 when the hemostasis valve assembly
100 is in the resting state (i.e., no elongate member is disposed across the
elastomeric member 120).

[0046] The elastomeric member 120 may include a plurality of inward-extending
protrusions 172, 174. For example, in the depicted embodiment, the elastomeric
member 120 includes a first protrusion 172 and a second protrusion 174 that is
disposed distal of the first protrusion 172. The elastomeric member 120 may also
include a plurality of inner surfaces. More particularly, in the depicted embodiment,
the elastomeric member 120 includes a first sealing surface 152 (e.g., an innermost

surface of the first protrusion 172), a second sealing surface 154 (e.g., an innermost
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surface of the second protrusion 174), and a third sealing surface 156. In some
embodiments, the first sealing surface 152 forms a first cylindrical surface having a
diameter of between approximately 3 mm and 8 mm. Stated differently, when the
hemostasis valve assembly 100 is in the resting state, the first cylindrical surface
may have a diameter that corresponds to the outer diameter of an elongate member
that is between 9 Fr and 24 Fr, such as between 9 Fr and 12 Fr, 9 Fr and 14 Fr, or
12 Fr and 24 Fr. In some embodiments, the second sealing surface 154 forms a
second cylindrical surface having a resting diameter of between approximately 2 mm
and 2.67 mm. Stated differently, the sealing surface 154 may have a resting
diameter that corresponds to the outer diameter of an elongate member that is
between 6 Fr and 8 Fr. In some embodiments, the sealing surface 156 forms a third
cylindrical surface having a diameter of between 0.35 mm to approximately 0.97 mm.
Other diameters are also contemplated and within the scope of this disclosure.
[0047] In some embodiments, the first sealing surface 152 forms a first cylindrical
surface having a first height of between 0.25 mm and 1.5 mm. For example, in some
embodiments, the first cylindrical surface has a height of between 0.25 mm and 1.3
mm, between 0.25 mm and 1.0 mm, between 0.25 mm and 0.75 mm, between 0.25
mm and 0.45 mm; between 0.30 mm and 1.5 mm, between 0.50 mm and 1.5 mm,
between 0.75 and 1.5 mm, or between 1.0 mm and 1.5 mm. In some embodiments,
the height of the first sealing surface is 0.35 £ 0.10 mm; 0.45 £ 0.10 mm; 0.55 £ 0.10
mm; 0.65 + 0.10 mm; 0.75 £ 0.10 mm; 0.85 £ 0.10 mm; 0.9 £ 0.10 mm; 1.00 £ 0.10
mm; 1.10+0.10 mm; 1.20 £ 0.10 mm; 1.30 £ 0.10 mm; 1.40 £ 0.10 mm.

[0048] In some embodiments, the height of the second sealing surface 154 forms
a second cylindrical surface having a second height of between 0.25 mm and 1.5
mm. For example, in some embodiments, the second cylindrical surface has a height
of between 0.25 mm and 1.3 mm, between 0.25 mm and 1.0 mm, between 0.25 mm
and 0.75 mm, between 0.25 mm and 0.45 mm; between 0.30 mm and 1.5 mm,
between 0.50 mm and 1.5 mm, between 0.75 mm and 1.5 mm, or between 1.0 mm
and 1.5 mm. In some embodiments, the height of the first sealing surface is 0.35 £
0.10 mm; 0.45 £ 0.10 mm; 0.55 £ 0.10 mm; 0.65 £ 0.10 mm; 0.75 £ 0.10 mm; 0.85 *
0.10 mm; 0.9 £ 0.10 mm; 1.00 £ 0.10 mm; 1.10 £ 0.10 mm; 1.20 £ 0.10 mm; 1.30 %
0.10mm; 1.40 £ 0.10 mm.

[0049] The elastomeric member 120 also includes a first relief surface 162 and a

second relief surface 164. The first relief surface 162 may form a first relief space
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163, and the second relief surface 164 may form a second relief space 165. The
channel 142 may, at least in part, be defined by a plurality of inner surfaces (e.g.,
sealing surfaces and relief surfaces) of the elastomeric member 120.

[0050] In some embodiments, the first relief surface 162 includes a cylindrical
surface having a height of between 0.30 mm and 2.5 mm. For example, in some
embodiments, the cylindrical surface of the first relief surface 162 has a height of
between 0.30 mm and 0.50 mm; between 0.30 mm and 0.75 mm; between 0.30 mm
and 1.0 mm; between 0.30 mm and 1.3 mm; between 0.30 mm and 1.5 mm;
between 0.30 mm and 2.0 mm; between 0.30 mm and 2.5 mm, between 2.0 mm and
2.5 mm; between 1.5 mm and 2.5 mm, between 1.3 mm and 2.5 mm, between 1.0
mm and 2.5 mm; between 0.75 mm and 2.5 mm; or between 0.50 mm and 2.5 mm.
In some embodiments, the height of the cylindrical surface of the first relief surface
162 is 0.50 £ 0.20 mm, 0.75 £ 0.20 mm; 1.0 £+ 0.3 mm; 1.5+ 0.3 mm; 2.0 £ 0.3 ; or
2503 mm.

[0051] In some embodiments, the second relief surface 164 includes a cylindrical
surface having a height of between 0.30 mm and 2.5 mm. For example, in some
embodiments, the cylindrical surface of the second relief surface 164 has a height of
between 0.30 mm and 0.50 mm; between 0.30 mm and 0.75 mm; between 0.30 mm
and 1.0 mm; between 0.30 mm and 1.3 mm; between 0.30 mm and 1.5 mm;
between 0.30 mm and 2.0 mm; or between 0.30 mm and 2.5 mm; between 2.0 mm
and 2.5 mm; between 1.5 mm and 2.5 mm, between 1.3 mm and 2.5 mm, between
1.0 mm and 2.5 mm; between 0.75 mm and 2.5 mm; or between 0.50 mm and 2.5
mm. In some embodiments, the height of the cylindrical surface of the second relief
surface 164 is 0.50 + 0.20 mm, 0.75+ 020 mm; 1.0+ 0.3 mm; 1.5+ 03 mm; 2.0 +
0.3;0r2.5+0.3 mm.

[0052] In some embodiments, such as the depicted embodiment, the height of the
cylindrical surface of the second relief surface 164 is greater than the height of the
cylindrical surface of the first relief surface 162. In other embodiments, the height of
the cylindrical surface of the first relief surface 162 is greater than or equal to the
height of the cylindrical surface of the second relief surface 164.

[0063] As shown in FIGS. 2C and 2D, the first sealing surface 152 may be
proximal of the first relief surface 162, the first relief surface 162 may be proximal of

the second sealing surface 154, the second sealing surface 154 may be proximal of
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the second relief surface 164, and the second relief surface 164 may be proximal of
the third sealing surface 156.

[0054] Each of the sealing surfaces 152, 154, 156 and each of the relief surfaces
162, 164 may define a particular diameter. For instance, the first sealing surface 152
may define a first diameter, the first relief surface 162 may define a second diameter,
the second sealing surface 154 may define a third diameter, the second relief
surface 164 may define a fourth diameter, and the third sealing surface 156 may
define a fifth diameter.

[0055] As shown in the depicted embodiment, the sealing surfaces 152, 154, 156
are generally closer to the longitudinal axis 5 than any adjacent relief surface 162,
164. For instance, in the depicted embodiment, the diameter of the first relief surface
162 (i.e., the second diameter) is larger than the diameter of the first sealing surface
152 (i.e., the first diameter).

[0056] In some embodiments, the diameter of the second sealing surface 154
(i.e., the third diameter) differs in size from the diameter of the first sealing surface
152 (i.e., the first diameter). For example, in some embodiments, the first diameter is
larger than the third diameter. In other or further embodiments, the diameter of the
third sealing surface 156 (i.e., the fifth diameter) differs from the diameter of the first
sealing surface 152 (i.e., the first diameter) and the diameter of the second sealing
surface 154 (i.e., the third diameter). For example, in some embodiments, the fifth
diameter is smaller than both the first diameter and the third diameter.

[0067] As shown in FIGS. 2A-2D, a slit 144 may extend at least partway through
the elastomeric member 120. For example, in some embodiments, the slit 144
extends at least from a distal end of the elastomeric member 120 to a distal end of
the channel 142. In the depicted embodiment, the slit 144 extends through an
entirety of the elastomeric member 120, thereby dividing the elastomeric member
120 into separate unconnected pieces. Thus, while hatching is used in the cross-
sectional view provided in FIG. 2C, no hatching is shown in FIG. 2D due to
orientation of the views with respect to the slit 144. In other words, in some
embodiments, the slit 144 may divide the elastomeric member 120 into a first portion
126 and a second portion 128. In such circumstances, the view provided in FIG. 2D
may be identical to an analogous view of the second portion 128 of the elastomeric
member when the first portion 126 and the second portion 128 of the elastomeric

member 120 are separated from one another. In other embodiments, the slit 144
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extends only partway through the elastomeric member 120. In some embodiments,
the elastomeric member 120 is manufactured (e.g., molded) as a single piece and
then cut in two pieces to form the slit 144. In other embodiments, each portion 126,
128 of the elastomeric member 120 is separately manufactured.

[0058] An elastomeric member 120 that includes two separate, unconnected
pieces 126, 128 may facilitate removal of the elastomeric member 120 from around
an elongate member (not shown) that extends through the elastomeric member 120.
For example, when a practitioner desires to uncouple the elastomeric member 120
from around an elongate member that extends through the elastomeric member 120,
the practitioner may break or split the housing into two separate portions as
described elsewhere herein. By breaking the housing, the practitioner may remove
the housing from around the elongate member. Without the compression forces
provided by the housing, the first portion 126 and the second portion 128 of the
elastomeric member 120 may then separate from one another, thereby permitting
removal of the elastomeric member 120 from around the elongate member.

[0059] In other embodiments, the slit of the elastomeric member extends only
partway across the elastomeric member. For example, in some embodiments, the
slit extends inward from an outside edge of the elastomeric member to the
longitudinal axis of the hemostasis valve assembly. In such embodiments, once the
housing has been removed, the elongate member may then be removed from the
elastomeric member via the slot without retracting the elastomeric member over a
proximal end of the elongate member. In still other embodiments, once the housing
has been removed from around the elongate member, the elastomeric member may
be torn off the elongate member. Stated differently, the elastomeric member may be
made from material that allows the practitioner to tear at least a portion of the
elastomeric member once the housing has been removed, thereby allowing removal
of the elongate member from the torn elastomeric member without retracting the
elastomeric member over the proximal end of the elongate member.

[0060] As shown in FIGS. 2C and 2D, the elastomeric member 120 may include a
sealing zone 158. The sealing zone 158 may form a liquid-tight seal across the slit
144 when the hemostasis valve assembly is in a resting state (i.e., when no elongate
member extends through the hemostasis valve assembly). For example, when the
elastomeric member 120 is under compression, an inward surface of the first portion

126 of the elastomeric member 120 may be disposed flush against an inward

12



WO 2017/049073 PCT/US2016/052114

surface of the second portion 128 of the elastomeric member 120, thereby forming a
liquid-tight seal analogous to liquid-tight seals formed by a slit-valve of a single-piece
valve. Alternatively stated, when in the resting state, the channel 142 may extend
from a proximal end of the elastomeric member 120 to the sealing zone 158. In
some embodiments, the sealing zone 158 of the elastomeric member 120 is
disposed distal of the remaining portions of the elastomeric member 120. In other
embodiments, the sealing zone is disposed proximal of a distal-most end of the
elastomeric member.

[0061] FIGS. 3A-5B depict the elastomeric member 120 as various elongate
members 10a, 10b, and 10c of different diameter are inserted through the
elastomeric member 120.

[0062] For example, FIGS. 3A-3B depict alternative views of the elastomeric
member 120 as an elongate member of relatively small diameter 10a (e.g., a
guidewire) is inserted through the elastomeric member 120. More particularly, FIG.
3A provides a cross-sectional view of the elastomeric member 120 analogous to the
view provided in FIG. 2C (i.e., perpendicular to the slit), while FIG. 3B provides a
view of the elastomeric member 120 analogous to the view provided in FIG. 2D (i.e.,
along the slit).

[0063] As can be seen in these figures, the third sealing surface 156 may be
sized to form a liquid-tight seal around the elongate member 10a (e.g., a guidewire).
Stated differently, the diameter of the third sealing surface 156 (i.e., the fifth
diameter) may be configured to form a liquid-tight seal around a guidewire. The first
sealing surface 152 and the second sealing surface 154 do not form a liquid-tight
seal around the elongate member 10a due to their larger size. Due to placement of
the elongate member 10a across the elastomeric member 120, the slit may widen at
and/or adjacent to the sealing zone 158 to accommodate the elongate member 10a.
The portions of elastomeric member 120 that contact one another to form the sealing
zone 158 may also deflect distally into open space below the elastomeric member
120 as the elongate member 10a is inserted across the elastomeric member 120.
[0064] FIGS. 4A-4D provide alternative views of the elastomeric member 120 as
an elongate member 10b of intermediate diameter extends across the elastomeric
member 120. More particularly, FIG. 4A provides a cross-sectional front view of the
elastomeric member 120 analogous to the view provided in FIG. 2C (i.e,

perpendicular to the slit). FIG. 4B provides a view of the elastomeric member 120
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analogous to the view provided in FIG. 2D (i.e., along the slit). FIG. 4C provides a
cross-sectional view of the elastomeric member 120 through line 4C-4C of FIG. 4A.
And FIG. 4D provides a cross-sectional view of the elastomeric member 120 through
line 4D-4D of FIG. 4A.

[0065] As can be seen in FIGS. 4A-4D, the second sealing surface 154 is sized
to form a liquid-tight seal around the elongate member 10b of intermediate diameter.
The first sealing surface 152 does not form a liquid-tight seal around the elongate
member 10b due to its larger size. Nor does the third sealing surface 156 form a
liquid-tight seal around the elongate member 10b, as placement of the elongate
member 10b across the elastomeric member 120 causes widening of the slit 144
(see FIG. 4D), thereby potentially allowing blood to flow past the third sealing surface
156. Stated differently, as the elongate member 10b is disposed across the
elastomeric member 120, the slit 144 may widen to accommodate the elongate
member 10b. As shown in FIG. 4D, accommodation of the elongate member 10b
may result in a passageway 194 that allows blood to enter into the second relief
space 165. The size and shape of the passageways 194 shown in FIG. 4D is merely
exemplary. One of ordinary skill in the art, with the benefit of this disclosure, will
recognize that the size and shape of passageways that permit fluid flow therethrough
may differ somewhat from the passageways 194 shown in FIG. 4D. For example, in
some embodiments, the size of the passageways may be smaller than shown in FIG.
4D relative to the elastomeric member 120 and/or the elongate member 10b.

[0066] FIGS. 5A and 5B provide alternative views of the elastomeric member 120
as an elongate member 10c of relatively large diameter extends across the
elastomeric member 120. More particularly, FIG. 5A provides a cross-sectional front
view of the elastomeric member 120 analogous to the view provided in FIG. 2C (i.e.,
perpendicular to the slit), while FIG. 5B provides a cross-sectional side view of the
elastomeric member 120 analogous to the view provided in FIG. 2D (i.e., along the
slit).

[0067] As can be seen in these figures, the first sealing surface 152 is sized to
form a liquid-tight seal around the relatively large elongate member 10c. Due to the
narrower diameter of the second sealing surface 154, the elongate member 10c
distally displaces a portion the second protrusion 174 as the elongate member 10c is
inserted into the channel 142 formed by the elastomeric member 120. For example,

in the depicted embodiment, the second protrusion 174 bends into a second relief
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space 165 as the elongate member 10c is advanced within the elastomeric member
120.

[0068] Bending of the second protrusion 174 into the second relief space 165
may allow for strain relief as the elongate member 10c is advanced within the
elastomeric member 120. For example, as the elongate member 10c is advanced
within the elastomeric member 120, the second protrusion 174 may bend in a
manner analogous to a hinge into the second relief space 165. The second relief
space 165 may thus minimize or otherwise limit the amount of strain imposed on the
elastomeric member 120 (or portions thereof) as the elongate member 10c is
advanced within the elastomeric member 120. In this manner, a relief space (e.g.,
second relief space 165) for accommodating bending of a protrusion (e.g., second
protrusion 174) may increase the tear-resistance of an elastomeric member 120.
[0069] The portions of elastomeric member 120 that contact one another to form
the sealing zone 158 may also deflect distally into open space below the elastomeric
member 120 as the elongate member 10c is inserted across the elastomeric
member 120.

[0070] In the depicted embodiment, neither the second sealing surface 154 nor
the third sealing surface 156 forms a liquid-tight seal around the elongate member
10c, as placement of the elongate member 10c across the elastomeric member 120
causes widening of the slit, thereby allowing blood to flow past the third sealing
surface 156 and the second sealing surface 154. In other words, pathways
analogous to the pathways 194 described above in connection with FIG. 4D may
form as a result of an elongate member 10c that extends through the elastomeric
member 120. However, the liquid-tight seal formed by the sealing surface 156
prevents liquid from passing proximally past the first protrusion 172.

[0071] Thus, as shown in FIGS. 3A-5B, the elastomeric member 120 may be
configured to form a liquid-tight seal around elongate members 10a, 10b, 10c of
different diameter. The elastomeric member 120 may analogously be configured to
form a liquid-tight seal around portions of a single elongate instrument wherein each
portion of the elongate instrument has a different diameter.

[0072] The elastomeric member 120 is also configured to accommodate elongate
members of diameter greater than the diameter of elongate member 10c. For
example, as an elongate member of diameter greater than the diameter of elongate

member 10c is advanced within a hemostasis valve assembly, the slit may widen,
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the first protrusion 172 may bend into a first relief space 163, the second protrusion
174 may bend into a second relief space 165, and portions of the elastomeric
member that form the sealing zone 158 may bend into open space below the
elastomeric member 120. In this fashion, elongate members having a diameter of
greater than or equal to 9 Fr, 12 Fr, and/or 14 Fr may be inserted through the
elastomeric member 120. For example, in some embodiments, an elongate member
that includes a portion having a diameter of approximately 14 Fr may be inserted and
retracted through the elastomeric member 120.

[0073] In some circumstances, an elongate member may be retracted from the
elastomeric member 120. When the elongate member is retracted from the
elastomeric member 120, one or more protrusions 172, 174 may bend toward the
proximal end of the elastomeric member 120. In other words, the one or more
protrusions 172, 174 may be configured to bend distally when the elongate member
is advanced within the elastomeric member 120 and to bend proximally when the
elongate member is retracted within the elastomeric member 120.

[0074] FIGS. 6A-6C provide perspective views of a hemostasis valve assembly
100 and an introducer sheath 180 in various states. For example, FIG. 6A depicts a
hemostasis valve assembly 100 that is coupled to an introducer sheath 180. More
particularly the housing 110 (or hub) of the hemostasis valve assembly 100 may be
coupled to a proximal end of the introducer sheath 180. In FIG. 6A, the introducer
sheath 180 has been inserted into the vasculature of a patient 15, thereby providing
an access site for inserting one or more medical instruments into the vasculature of
the patient 15.

[0075] In FIG. 6B, an elongate member 10 has been inserted through the
proximal end of the hemostasis valve assembly 100 and advanced within the
introducer sheath 180 into the vasculature of the patient 15. In some embodiments,
the elongate member 10 is an elongate medical instrument. For example, the
elongate member 10 may be a guidewire, a catheter, a balloon catheter, a stent, a
filter, or some other medical implement. When the elongate member 10 has been
inserted into the vasculature of the patient, the practitioner may use the elongate
member 10 to carry out any number of medical procedures. When a portion of the
elongate member 10 is disposed across the hemostasis valve assembly 100, one or
more of the first sealing surface, the second sealing surface, and the third sealing

surface may form a liquid-tight seal around that portion of the elongate member 10.
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[0076] In some circumstances, it may be advantageous to remove the introducer
sheath 180 and hemostasis valve assembly 100 from around the elongate member
10. In some embodiments, it may be impractical or impossible to remove the
hemostasis valve assembly 100 and/or introducer sheath 180 from around the
elongate member 10 by retracting such components over a proximal end of the
elongate member 10. For example, in some circumstances, the proximal end of the
elongate member 10 may be coupled to a device or other component that is much
larger than the hemostasis valve assembly 100.

[0077] As shown in FIG. 6C, the hemostasis valve assembly 100 may, in such
circumstances, be removed from around the elongate member 10 by splitting,
tearing, breaking, or otherwise separating portions of the hemostasis valve assembly
100 from one another. For example, in the depicted embodiment, a practitioner may
apply a first force to a central region 111 of the housing 110 and opposing forces on
the arms 114, 116 of the housing 110, thereby causing the housing 110 to break
and/or snap. The practitioner may also split the introducer sheath 180. For example,
the practitioner may withdraw the introducer sheath 180 from the patient and make a
longitudinal cut 182 along the length of the introducer sheath 180. In some
instances, the introducer sheath 180 includes a scored line or a weakened region to
facilitate making of the longitudinal cut 182. In some instances, the scored line or
weakened region is aligned with the reduced-thickness portions 118, 119 of the
housing to facilitate separation. Once (1) portions of the housing 110 have been
separated from one another (e.g., via breakage) and (2) the introducer sheath has
been cut along its length, the housing 110 of the hemostasis valve assembly 100
and the introducer sheath 180 may be removed from the elongate member 10
without retracting such components over a proximal end of the elongate member 10.
The elastomeric member 120 may likewise be removed from around the elongate
member 10.

[0078] Any methods disclosed herein include one or more steps or actions for
performing the described method. The method steps and/or actions may be
interchanged with one another. In other words, unless a specific order of steps or
actions is required for proper operation of the embodiment, the order and/or use of
specific steps and/or actions may be modified. Moreover, sub-routines or only a

portion of a method described herein may be a separate method within the scope of
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this disclosure. Stated otherwise, some methods may include only a portion of the
steps described in a more detailed method.

[0079] Reference throughout this specification to an “embodiment” means that a
particular feature, structure, or characteristic described in connection with that
embodiment is included in at least one embodiment. Thus, the quoted phrase, or
variations thereof, as recited throughout this specification are not necessarily all
referring to the same embodiment.

[0080] Similarly, it should be appreciated by one of skill in the art with the benefit
of this disclosure that in the above description of embodiments, various features are
sometimes grouped together in a single embodiment, figure, or description thereof
for the purpose of streamlining the disclosure. This method of disclosure, however, is
not to be interpreted as reflecting an intention that any claim requires more features
than those expressly recited in that claim. Rather, as the following claims reflect,
inventive aspects lie in a combination of fewer than all features of any single
foregoing disclosed embodiment. Thus, the claims following this Detailed Description
are hereby expressly incorporated into this Detailed Description, with each claim
standing on its own as a separate embodiment. This disclosure includes all
permutations of the independent claims with their dependent claims.

[0081] Recitation in the claims of the term “first” with respect to a feature or
element does not necessarily imply the existence of a second or additional such
feature or element. It will be apparent to those having skill in the art that changes
may be made to the details of the above-described embodiments without departing

from the underlying principles of the present disclosure.
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CLAIMS

1. A hemostasis valve assembly comprising:

a housing; and

an elastomeric member at least partially disposed within the housing, the
elastomeric member forming a variable-width channel that extends at least partway
through the elastomeric member;

wherein the elastomeric member comprises:

a first sealing surface defining a first diameter,;

a first relief surface defining a second diameter that is larger than the
first diameter;

a second sealing surface defining a third diameter, wherein the third
diameter differs in size from the first diameter and is smaller than the second
diameter; and

a second relief surface defining a fourth diameter that is larger than the
third diameter;
wherein the first sealing surface is proximal of the first relief surface, the first

relief surface is proximal of the second sealing surface, and the second sealing
surface is proximal of the second relief surface.

2. The hemostasis valve assembly of claim 1, wherein the elastomeric
member is radially compressed by the housing.

3. The hemostasis valve assembly of any one of claims 1-2, wherein:

the housing defines a cylindrical inner diameter, and

the elastomeric member is at least partially disposed within the inner diameter
of the housing.

4. The hemostasis valve assembly of any one of claims 1-3, further
comprising a slit in the elastomeric member that extends at least from a distal end of
the elastomeric member to a distal end of the channel.

. The hemostasis valve assembly of claim 4, wherein the slit divides the
elastomeric member into two separate unconnected pieces.

6. The hemostasis valve assembly of any one of claims 4-5, wherein the
elastomeric member further comprises a sealing zone, wherein the sealing zone
forms a liquid-tight seal across the slit when the hemostasis valve assembly is in a

resting state.
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7. The hemostasis valve assembly of any one of claims 1-6, further
comprising a cap that is configured to secure the elastomeric member at least
partially within the housing.

8. The hemostasis valve assembly of claim 7, wherein the elastomeric
member comprises a recess for engagement with the cap to secure the elastomeric
member to the housing.

9. The hemostasis valve assembly of any one of claims 1-8, wherein the
elastomeric member is configured to be removed from around an elongate member
that extends through the elastomeric member without being retracted over a
proximal end of the elongate member.

10. The hemostasis valve assembly of claim 9, wherein the housing
comprises a first arm and a second arm, wherein the first arm and the second arm
are configured to separate portions of the housing from one another to permit
removal of the housing from the elongate member without retracting the housing
over the proximal end of the elongate member.

11.  The hemostasis valve assembly of any one of claims 1-10, wherein the
elastomeric member comprises silicone rubber.

12. The hemostasis valve assembly of any one of claims 1-11, wherein the
housing radially compresses the elastomeric member toward a longitudinal axis of
the valve assembly such that the width of the elastomeric member is between 97%
and 94% of the width of the elastomeric member when uncompressed.

13. The hemostasis valve assembly of any one of claims 1-12, wherein the
first sealing surface is defined by an innermost surface of a first protrusion and the
second sealing surface is defined by an innermost surface of a second protrusion,
wherein the first protrusion is configured to bend into a first relief space formed by
the first relief surface, and wherein the second protrusion is configured to bend into a
second relief space defined by the second relief surface as an elongate member is
advanced within the hemostasis valve assembly.

14. The hemostasis valve assembly of any one of claims 1-13, wherein the
first diameter is larger than the third diameter.

15.  The hemostasis valve assembly of any one of claims 1-14, wherein the
elastomeric member further comprises a third sealing surface having a fifth diameter
that differs from the diameter of the first sealing surface and the second sealing

surface, wherein the third sealing surface is distal of the second relief surface.
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16. The hemostasis valve assembly of claim 15, wherein the fifth diameter
is smaller than both the first diameter and the third diameter.

17.  The hemostasis valve assembly of any one of claims 15-16, wherein
the fifth diameter is configured to form a liquid-tight seal around a guidewire.

18. The hemostasis valve assembly of claim 1, wherein the first sealing
surface forms a first cylindrical surface having a first height of between 0.25 mm and
1.5 mm, and the second sealing surface forms a second cylindrical surface having a
second height of between 0.25 mm and 1.5 mm.

19. A hemostasis valve assembly comprising an elastomeric member,
wherein the elastomeric member comprises:

a first sealing surface defined by an innermost surface of a first inward-
extending protrusion;

a first relief surface distal of the first sealing surface;

a second sealing surface defined by an innermost surface of a second inward-
extending protrusion; and

a second relief surface distal of the second sealing surface;

wherein the first protrusion is configured to bend into a first relief space
formed by the first relief surface, and wherein the second protrusion is configured to
bend into a second relief space defined by the second relief surface as an elongate
member is advanced within the hemostasis valve assembly.

20.  The hemostasis valve assembly of claim 19, further comprising a
housing, wherein the elastomeric member is at least partially disposed within an
inner surface of the housing.

21.  The hemostasis valve assembly of claim 20, wherein the elastomeric
member is compressed by the housing.

22.  The hemostasis valve assembly of any one of claims 19-21, further
comprising a slit that divides the elastomeric member into two separate unconnected
pieces.

23. A method of forming a hemostatic seal around an elongate member,
the method comprising:

obtaining a hemostasis valve assembly comprising an elastomeric member
that forms a variable-width channel, the elastomeric member comprising:

a first sealing surface having a first diameter;
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a first relief surface having a second diameter that is larger than the
first diameter;

a second sealing surface having a third diameter, wherein the third
diameter differs in size from the first diameter and is smaller than the second
diameter; and

a second relief surface having a fourth diameter that is larger than the
third diameter;

wherein the first sealing surface is proximal of the first relief surface,
the first relief surface is proximal of the second sealing surface, and the
second sealing surface is proximal of the second relief surface; and
advancing the elongate member into the hemostasis valve assembly, wherein

one or more of the first sealing surface and the second sealing surface forms a
liquid-tight seal around a portion of the elongate member when the portion of the
elongate member is disposed across the hemostasis valve assembly.

24.  The method of claim 23, wherein the elongate member comprises a
first diameter and a second diameter, wherein the first sealing surface forms a liquid-
tight seal with the first diameter of the elongate member and the second sealing
surface forms a liquid-tight seal with the second diameter of the elongate member.

25. A hemostasis valve assembly comprising:

a hub that forms a cylindrical inner diameter; and

an elastomeric member at least partially disposed within the cylindrical inner
diameter formed by the hub, the elastomeric member forming a variable-width
channel that extends partway through the elastomeric member and a sealing zone
that, when the hemostasis valve assembly is in a resting state, forms a liquid-tight
seal across a slit that extends through at least a portion of the elastomeric member,
wherein the elastomeric member comprises:

a first sealing surface having a first diameter;

a first relief surface having a second diameter that is larger than the
first diameter;

a second sealing surface having a third diameter, wherein the third
diameter differs in size from the first diameter and is smaller than the second
diameter; and

a second relief surface having a fourth diameter that is larger than the

third diameter;
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wherein the first sealing surface is proximal of the first relief surface, the first
relief surface is proximal of the second sealing surface, and the second sealing
surface is proximal of the second relief surface.

26. The hemostasis valve assembly of claim 25, wherein the elastomeric
member is radially compressed by the cylindrical inner diameter of the hub.

27. The hemostasis valve assembly of any one of claims 25-26, wherein
the channel extends along a longitudinal axis of the hemostasis valve assembly.

28. The hemostasis valve assembly of any of claims 25-27, wherein the

hub is coupled to an introducer sheath.
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