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(57) Abstract: Hemostasis valves and methods for making and using hemostasis valves are disclosed. An example hemostasis valve
may include a main body having a proximal end region. A cartridge may be at least partially disposed within the proximal end region.
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Hemostasis Valves and Methods for Making and Using Hemostasis Valves

Cross Reference to Related Applications

[0061] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/470,677 filed on March 13, 2017, the disclosure of which 1s incorporated

herein by reference.

Technical Field

{0002] The present disclosure pertains to medical devices, and methods for
manufacturing medical devices. More particularly, the present disclosure pertains to

hemostasis valves and methods for making and using hemostasis valves
Z et

[6063] A wide variety of medical devices have been developed for medical use, for
exarnple, intravascular use. Some of these devices include guidewires, catheters, and the
like. These devices are manufactured by any one of a variety of different manufacturing
methods and may be used according to any one of a vartety of methods. Of the known
medical devices and methods, each has certain advantages and disadvantages. There 1
an ongoing need to provide alternative medical devices as well as alternative methods for

manufacturing and vsing medical devices.

Brief Summary

{(004] This disclosure provides design, material, manufacturing method, and use
alternatives for medical devices. An example hemostasis valve 15 disclosed. The
hemostasis valve comprises: a main body having a proximal end region; a cartridge at
least partially disposed within the proximal end region, the cartridge including a seal
member; wherein the seal member is designed to shift between an open configuration and
a sealed configuration; a plunger coupled to the proximal end region of the main body,
the plunger having an inner tubular region having a distal end; wherein the distal end of
the inner tubular region is spaced a clearance distance from a proximal end of the seal

member so that when the seal member is in the sealed configuration and exposed to
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pressures of 80-250 pounds per square inch, the seal member deflects into contact with
the distal end of the inner tubular region and remains 1n the sealed configuration.

{B085] Alternatively or additionally to any of the embodiments above, the clearance
distance has an axial dimension of 0.1 to 5 millimeters.

{B006] Alternatively or additionally to any of the embodiments above, the clearance
distance has an axial dimension of 0.3 to 2 millimeters.

{G087] Alternatively or additionally to any of the embodiments above, the clearance
distance 15 designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of 100-250 pounds per square inch, the seal member deflects into
contact with the distal end of the inner tubular region and remains m the sealed
configuration.

[6068] Alternatively or additionally to any of the embodiments above, the clearance
distance 1s designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of 80-200 pounds per square inch, the seal member deflects mto

contact with the distal end of the inner tubular region and remains mn the sealed

configuration.
{B009] Alternatively or additionally to any of the embodiments above, the proximal

end region of the mam body mcludes a retamming protrusion.

[B018] Alternatively or additionally to any of the embodiments above, the plunger
has a distal retaining flange designed to engage the retaining protrusion.

[0011] Alternatively or additionally to any of the embodiments above, a spring
member 15 disposed within the plunger and engaged with a proximal end of the plunger.
{0012] Alternatively or additionally to any of the embodiments above, further
comprising a nut threadably engaged with one or more threads along the proximal end
region of the main body.

{6013} Alternatively or additionally to any of the embodiments above, the inner
tubular region has a wall thickness that varies along the length thereof.

{6014] Alternatively or additionally to any of the embodiments above, the inner
tubular region has an inner diameter that varies along the length thereof.

{0015} A hemostasis valve is disclosed. The hemostasis valve comprises: a main

body having a proximal end region; a cartridge at least partially disposed within the
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proximal end region, the cartridge including a seal member; wherein the seal member 15
designed to shift between an open configuration and a sealed configuration; a plunger
coupled to the proximal end region of the main body, the plunger having an inner tubular
region having a distal end; wherein the seal member and the plunger are arranged so that
there is a clearance distance between a proximal face of the seal member and the distal
end of the inner tubular region such that when the seal member is in the sealed
configuration and exposed to pressures of 80-250 pounds per square inch, the proximal
face of the seal member deflects into comtact with the distal end of the inner tubular
region and remains in the sealed configuration.

[6016] Alternatively or additionally to any of the embodiments above, the clearance
distance has an axial dimension of 0.1 to 5 nullimeters.

[6017] Alternatively or additionally to any of the embodiments above, the clearance
distance has an axial dimension of 0.3 to 2 nullimeters.

[6018] Alternatively or additionally to any of the embodiments above, the clearance
distance 1s designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of 100-250 pounds per square inch, the seal member deflects into
contact with the distal end of the inner tubular region and remams m the sealed
configuration.

[{B019] Alternatively or additionally to any of the embodiments above, the clearance
distance 15 designed so that when the seal member is in the sealed configuration and
exposed to pressures of 80-200 pounds per square inch, the seal member deflects into
contact with the distal end of the inner tubular region and remains in the sealed
configuration.

{6020} Alternatively or additionally to any of the embodiments above, the proximal
end region of the main body includes a retaining protrusion and wherein the plunger has a
distal retaming flange designed to engage the retaining protrusion.

{0021} Alternatively or additionally to any of the embodiments above, further
comprising a nut threadably engaged with one or more threads along the proximal end
region of the main body.

[0022] A hemostasis valve is disclosed. The hemostasis valve comprises: a main

body having a threaded proximal end region; a nut threadably engaged with the threaded
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proximal end region; a cartridge at least partially disposed within the threaded proximal
end region, the cartridge including a seal member; wherein the seal member is designed
to shift between an open configuration and a sealed configuration; a plunger coupled to
the threaded proximal end region of the main body, the plunger having an inner tubular
region having a distal end; wherein the seal member and the plunger are arranged so that
there is a clearance distance between a proximal face of the seal member and the distal
end of the inner tubular region such that when the seal member is in the sealed
configuration and exposed to pressures of 80-250 pounds per square inch, the proximal
face of the seal member deflects into contact with the distal end of the inner tubular
region and remains in the sealed configuration.

[0023] Alternatively or additionally to any of the embodiments above, the clearance
distance has an axial dimension of 0.3 to 2 miullumeters and wherein the clearance
distance 1s designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of 80-200 pounds per square inch, the seal member detlects into

contact with the distal end of the inner tubular region and remains mn the sealed

configuration.
[0024] The above summary of some embodiments 1s not mtended to describe each

disclosed embodiment or every implementation of the present disclosure. The Figures,

and Detatled Description, which follow, more particularly exemphfy these embodiments.

Brief Description of the Drawings

{6025} The disclosure mayv be more completely understood in consideration of the
following detailed description in connection with the accompanying drawings, in which:
3026} FIG. 1 15 a perspective view of an example hemostasis vaive,

08027} FIG. 2 is an exploded view of an example hemostasis valve,

3028} FIG. 3 1s a cross-sectional view taken through line 3—3 in FIG. 1.

3030} FIGS. 5A-5B 1s a cross-sectional view of an example hemostasis valve.

]

{

]

{0029] FIG. 4 s a cross-sectional view of an example hemostasis valve.

]

[0031] FIG. 6 1s a cross-sectional view of a portion of an example hemostasis valve.
]

3032] FIG. 7 is a cross-sectional view of a portion of an example hemostasis valve.
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{6033} While the disclosure i1s amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention i1s not to limit the
mvention to the particular embodiments described. On the contrary, the mtention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the disclosure.

Petailed Description

{0034] For the following defined terms, these definitions shall be applied, unless a
different definition 1s given in the claims or elsewhere i this specification.

[0035] All numeric values are herein assumed to be modified by the term “about”,
whether or not exphicitly indicated. The term “about” generally refers to a range of
numbers that ove of skill i the art would consider equivalent to the recited value {e.g.,
having the same function or result). In many instances, the terms “about” may include
numbers that are rounded to the nearest signiticant figure.

[060306] The recitation of numerical ranges by endpomnts includes all numbers withun
that range {e.g. 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5}.

{6037} As used i this specification and the appended claims, the singular forms “a”,
“an”, and “the” mclude plural referents unless the content clearly dictates otherwise. As
used n this specification and the appended claims, the term “or” 1s generally employed in
its sense including “and/or” unless the content clearly dictates otherwise.

{6038} It s noted that references in the specification to “an embodiment”, “some
embodiments”, “other embodiments”, etc., indicate that the embodiment described may
include one or more particular features, structures, and/or characteristics. However, such
recitations do not necessarily mean that all embodiments include the particular features,
structures, and/or characteristics.  Additionally, when particular features, structures,
and/or characteristics are described in connection with one embodiment, it should be
understood that such features, structures, and/or charactenistics may also be used
connection with other embodiments whether or not explicitly described unless clearly

stated to the contrary.
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{6039} The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same. The
drawings, which are not necessarily to scale, depict illustrative embodiments and are not
itended to limit the scope of the invention.

{0040} A number of medical procedures, for example intravascular procedures,
utilize medical devices within body lumens. For example, some intravascular procedures
include the placement of a guidewire, guide catheter, interventional device, or the like in
a blood vessel. Because fluid under pressure {e.g., blood) is present within the blood
vessel, fluid could travel along or through the medical device and escape or leak from the
patient. In some instances, it may be desirable to dispose a hemostasis valve or
hemostasis valve assembly at the proximal end of a medical device to reduce or otherwise
linut the leaking of fluids/blood from the proximal end of the device.

{004 1] An example hemostasis valve 10 1s shown in FIG. 1. The hemostasis valve 10
may include a man body 12. The main body 12 may include a side port 14. The side
port 14 may be connected to another device such as an infusion device, an inflation
device, or the like. An adapter 16 may be coupled 1o the distal end of the main body 12.
The adapter 16 may be used to couple the hemostasis valve 10 to a device such as a
catheter. A plunger 13 may be coupled to the proximal end of the main body 12. The
plunger 18 may be used to activate or otherwise close a seal (e.g., as discussed herein)
within the hemostasis valve 10. These and other features of the hemostasis valve 10 are
discussed herein,

{6042} FIG. 2 15 an exploded view of the hemostasis valve 10, Here, the various
components of the hemostasis valve 10 can be seen. For example, the hemostasis valve
10 may include a cartnidge 26, The cartridge 20, which may include two pieces 20a, 20b
that are coupled to one another {e.g., press fit, thermally bonded, adhesively bonded,
etc.}, may be arranged so that at least a portion thereof can be disposed within a proximal
end region 22 of the main body 12. A first seal member 24 may be disposed within the
cartridge 20. A second seal member 26 may be disposed within the proximal end region
22 of the main body 12, In at least some instances, the second seal member 26 may be
disposed distally of the cartridge 20. The second seal member 26 may include a textured

distal surface, grooves or wells formed therein, or the like. In addition or in the

-6-



WO 2018/169664 PCT/US2018/019674

alternative, the second seal member 26 may inchide a proximal region with a reduced
diameter. A nut 28 may be coupled to the proximal end region 22 of the main body 12,
for example at one or more threads 30 formed along the proximal end region 22.

[0043] Other features of the hemostasis valve 10 that can be seen in FIG. 2 include a
spring member 32 and an O-ring 34. The spring member 32 may be coupled to the
plunger 18, In at least some instances, the spring member 32 may be designed to exert a
proximally directed force on the plunger 18, The O-ring 34 may be positioned adjacent
to the adapter 16. In addition, a ring member or “snap ring” 36 may be disposed along
the proximal end region 22 of the mam body 12

[6044] FIG. 3 1s a cross-sectional view the hemostasis valve 10. Here some of the
structural features of the hemostasis valve 10 can be seen. For example, the hemostasis
valve 10 may include a central lumen 38, In general, the central lumen 38 is designed to
be placed into fluid communication with one or more lumens of a device coupled to the
adapter 16. A second or infusion lumen 40 may be defined adjacent to the side port 14.
The second lumen 40 may be in fluid communication with the central lumen 38

[06045] As indicated above, the hemostasis valve 10 s designed so that it may be
coupled to another device. For example, the adapter 16, which may take the form of a
Tuchy-Borst or other type of connector, may be engaged with the proximal end of the
other device. When connected {and with the plunger 18 in the configuration shown in
FIG. 3}, the second seal member 26 may be in an open state or configuration.
Conversely, the first seal member 24 may be in a closed or sealed configuration when the
hemostasis valve 10 13 connected to the other device {and with the plunger 18 in the
configuration shown in FIG. 3).

{6046} Collectively, when the hemostasis valve 10 is connected to another device and
in the configuration shown in FIG: 3, the hemostasis valve 10 s able to substantially hold
a fluid-tight seal that substantially prevents the backflow and/or leakage of body fluids
{e.g., blood). At some point during a medical mtervention, it may be desirable to infuse
additional fhuds such as contrast media through the hemostasis valve 10. This may
include attaching an infusion device to the side port 14, Because the first seal member 24

may be designed to substantially prevent the backflow and/or leakage of relatively-low
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pressure fluids, if the mfusion device infuses fluids at a relatively high pressure, 1t 1s
possible that the infusion fluid may be able to flow through the first seal member 24.
{0047} In order to prevent backflow of relatively high pressure fluids, the hemostasis
valve 10 can be actuated to close or “seal” the second seal member 26, To do s0, the
plunger 18 may nitially be urged distally until a distally-facing, proximal end surface or
cap 42 of the plunger 18 1s disposed adjacent to a proximal end region 44 of the nut 28 as
shown m FIG. 4. When doing so, a tubular region 46 of the plunger 18 may extend
through (and open) the first seal member 24. In addition, a portion of the plunger 18 may
move distally beyond the ring member 36, With the cap 42 of the plunger 18 disposed
adjacent to the nut 28, the plunger 18 can be rotated {(e.g, in a clockwise direction) to
close the second seal member 26 as shown in FIG. 5A. This rotation may cause the nut
28 to rotate and move distally. Because the distal end region of the nut 28 may be
engaged with the cartridge 20, distal movement of the nut 28 urges the cartridge 20
distally within the proximal end region 22 of the main body 12 such that the cartridge 20
engages and deforms the second seal member 26, thereby shifting the second seal
member 26 to the closed or sealed configuration. The plunger 18 may be released or
otherwise allowed to move proximally, as shown in FIG. 5B, which may reclose the first
seal member 24 (while the second seal member 26 remains closed).

[B048] As mdicated above, the first seal member 24 may be described as a “low
pressure” seal, designed to prevent the flow of fhuds at a relatively tow pressure. For
example, the first seal member 24 may be designed to withstand pressures on the order of
about 75-85 pounds per square inch (psi}. While this performance is considered to be
acceptable, 1t may desirable to further enhance the performance of the first seal member
24 Ihsclosed herein are hemostasis valves where the performance of the first seal
member 24 13 enhanced.

{0049] FIG. 6 illustrates a portion of another example hemostasis valve 110 that may
be similar in form and function to other hemostasis valve disclosed herein. While only a
portion of the hemostasis valve 110 1s shown, it can be appreciated that the reminder of
the hemostasis valve 110 may include structures similar to or the same as those in the
hemostasis valve 10 described above. The hemostasis valve 110 includes a main body

112 having a proximal end region 122. A cartridge 120 may be disposed at least partially
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within the proximal end region 122. The cartridge 120 may include a first seal member
124. A second seal member 126 may also be at least partially disposed within the
proximal end region 122 A plunger 118 may be coupled to the proximal end region 122
and a nut 128 may be threadably engaged with the proximal end region 122

{8050] The plunger 118 may include an inner tubular region 148, The nner tubular
region 148 may have a distal end 150, When the plunger 118 1s positioned in the manner
depicted in FIG. 6, the distal end 150 of the mner tubular region 148 s designed to be
arranged such that a clearance distance 152 is defined between the distal end 150 of the
nner tubular region 148 and a proximal end or surface 154 of the first seal member 124
In at least some instances, the clearance distance 152 is sufficiently small {e.g., on the
order of about 0.1 to 5 mum or about 0.3 to 2 mam) so that when the first seal member 124
is exposed to elevated pressures, the proxamal surface 154 of the first seal member 124
may shghtly deform or shift into engagement with the distal end 150 of the mner tubular
region 148 as shown in FIG. 7. When doing so, the distal end 150 of the inner tubular
region 148 may provide additional structural support such that the first seal member 124
is able to substantially remain sealed at higher pressures. For example, the first seal
member 124 may begin to deflect into engagement with the distal end 150 of the inner
tubular region 14 when exposed to pressures of about 30-250 pounds per square inch
{psi), or about 80-200 psi, or about 100-250 psi. Such a deflection can be understood as a
partial deflection or modification, which 15 different from a modification where the first
seal member 124 1s opened or otherwise permits the flow of fhuds therethrough. Because
of the ability of the first seal member 124 to partially deflect into contact with the mner
tubular region 148, the inner tubular region 148 may provide additional structural support
to the first seal member 124 such that the first seal member 124 may be able to withstand
pressures of about 100-300 pst or more, or about 170-400 psi or more, or about 250-27
Psi of more.

{B051] It can be appreciated that a number of differing designs may be utilized for the
hemostasis valve 110 that result in the desired clearance distance 152, For example, in
some instances, the inner tubular region 148 of the plunger 118 may be sized so as to
bring the mner tubular region 148 into the desired proximity of the first seal member 124

This may include the inner tubular region 148 extending distally beyond the distal end of
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the plunger 118, the inner tubular region 148 extending to the distal end of the plunger,
the mner tubular region 148 extending to a position that is proximal of the distal end of
the plunger 118, Likewise, the first seal member 124 may also be designed with
structural features that provide the desired clearance distance 152, This may include the
first seal member 124 having an increased thickness, a reduced thickness, etc.
Furthermore, the cartridge 120 may also be designed with structural features that provide
the desired clearance distance 152. For example, the cartridge 120 may be designed so
that the position of the first seal member 124 therein may be shifted proximally or
distally. Numerous other variations are contemplated.

Examples
[0052] The disclosure may be further clanfied by reference to the following
Examples, which serve to exemplify some embodiments, and not to linut the disclosure.
[06053] A numober of hemostasis wvalves similar to hemostasis valve 10 were
manufactured without the plunger assembly attached. Tests were run to deternune the
amount of fluid pressure that could be applied until the first seal member began to leak
fld. It was determuned that the average fluid pressure where leakage was observed for
sample steritlized hemostasis valves at a tume right after stertlization was 81.62 psi. It was
also determined that the average fluid pressure where leakage was observed for sample
sterilized hemostasis valves six months after sterihization was 79.98 psi.

Example 2
{6054] A number of hemostasis valves similar to hemostasis valve 110 were
manufactured. Tests were run to determine the amount of fhud pressure that could be
apphied until the first seal member began to leak fluid No leakage was observed at
pressures of 300 psi, and leakage was not observed until pressures of 400 psi were
apphied.

Example 3
{6055} A number of hemostasis valves similar to hemostasis valve 110 were
manufactured. Tests were run to determine the amount of fluid pressure that could be
apphied until the first seal member began to leak fluid under differing conditions. It was

determined that the average fluid pressure where leakage was observed for sample
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sterilized hemostasis valves after a single “plunge” (e.g., which can be understood to be a
single actuation of the plunger where the plunger is moved distally, rotated clockwise in
order to close the second seal member, rotated counter-clockwise to open the second seal
member, and the moved proximally} was 265.643 psi. It was also deternuned that after
50 “plunges”, the average fluid pressure where leakage was observed was 257 467 psi.
[B056] The materials that can be used for the various components of the hemostasis
valve 10 {(and/or other hemostasis valves disclosed herein) and the various components
thereof disclosed herein may include those commonly associated with medical devices.
For simplicity purposes, the following discussion makes reference to the main body 12
and other components of the hemostasis valve 10. However, this 1s not intended to hmat
the devices and methods described herein, as the discussion may be applied to other
hemostasis valves and/or components thereof disclosed herein.

{0057} The main body 12 and/or other components of the hemostasis valve 10 may
be made from a metal, metal alloy, polymer (some examples of which are disclosed
below), a metal-polymer composite, ceramics, combinations thereof, and the like, or
other suitable material Some examples of suitable polymers may include
polytetrafluoroethylene (PTFE), ethylene tetrafluoroethylene (ETFE), {luornated
ethvlene propylene (FEP), polvoxymethylene (POM, for example, DELRIN® available
from DuPont), polyether block ester, polyurethane (for example, Polyurethane 85A),
polypropylene (PP}, polyvinylchloride (PVC), polyether-ester {for example, ARNITEL®
available from DSM Engineering Plastics), ether or ester based copolymers {for example,
butviene/poly{alkylene ether) phthalate and/or other polvester elastomers such as
HYTREL® available from DuPont), polyamide (for example, DURETHAN® available
from Bayer or CRISTAMID® available from FIf Atochem}, elastomeric polyamides,
block polvamide/ethers, polyether block anude (PEBA, for example available under the
trade name PEBAX®), ethviene vinyl acetate copolymers (EV A}, silicones, polyethylene
(PE), Marlex high-density polvethylene, Marlex low-density polvethyviene, linear low
density polvethylene (for example REXELL®), polyester, polybutylene terephthalate
(PBT), polyethylene terephthalate (PET), polytrimethylene terephthalate, polyethylene
naphthalate (PEN), polyetheretherketone (PEEK), polyimide (PI), polyetherimude (PEI),
polyphenylene sulfide (PPS), polyphenvlene oxide (PPO), poly paraphenylene
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terephthalanude (for example, KEVLAR®), polysulfone, nylon, nylon-12 (such as
GRILAMID® available from EMS American Gnlon), perfluoro(propyl vinyl ether)
(PFA), ethylene vinyl alcohol, polyolefin, polystyrene, epoxy, polyvinylidene chloride
(PVdC), polyistyrene-b-isobutylene-b-styrene} (for example, SIBS and/or SIBS 30A),
polycarbonates, ionomers, biocompatible polvmers, other suitable materials, or nuxtures,
combinations, copolymers thereof, polymer/metal composites, and the like. In some
embodiments the sheath can be blended with a liquid crystal polymer (LCP). For
example, the mixture can contain up to about 6 percent LCP.
{B058] Some examples of suitable metals and metal alioys include stainless steel,
such as 304V, 3041, and 316LYV stainless steel; mild steel; nickel-titaniurm alloy such as
linear-elastic and/or super-elastic nitinol; other nickel alloys such as nickel-chromium-
molybdenum alloys (e g., UNS: N06625 such as INCONEL® 623, UNS: N06022 such as
HASTELLOY® C-22®, UNS: Ni0276 such as HASTELLOY® (C276®, other
HASTELLOY® alloys, and the like}, nickel-copper alloys {e.g., UNS: N04400 such as
MONEL® 400, NICKELVAC® 400, NICORROS® 400, and the bike), nickel-cobalt-
chromium-molybdenum alloys {e.g., UNS: R30035 such as MP35-N® and the like},
nickel-molybdenum alloys {e.g., UNS: N10665 such as HASTELLOY® ALLOY B2®),
other nickel-chromium alloys, other nmickel-molybdenum alloys, other nickel-cobalt
alloys, other nickel-wron alloys, other nickel-copper alloys, other nickel-tungsten or
tungsten alloys, and the like; cobalt-chromuum alloys; cobalt-chromum-molybdenum
alloys {e.g., UNS: R30003 such as ELGILOY®, PHYNOX®, and the hike); platinum
enriched stainless steel; titanium; combinations thereof] and the like; or any other suitable
material.
{6059} The first seal member 124 (and/or other seal members disclosed herein) may
be formed from a switable material. For example, the seal member 124 may be formed
from a silicone and/or silicone rubber material such as LSR6030, commercially available
from Shenzhen SQUARE Silicone Co., Ltd. In some instances, the seal member 124
may be formed from an elastomeric matenal such as Q7-4720, 37-4735, GUMSTOCK,
or the like, which are commercially available from DOW CORNING.

(6060} It should be understood that this disclosure is, in many respects, only

iltustrative. Changes may be made in details, particularly in matters of shape, size, and
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arrangement of steps without exceeding the scope of the disclosure. This may include, to
the extent that it is appropriate, the use of any of the features of one example embodiment
being used in other embodiments. The invention's scope 1s, of course, defined in the

language in which the appended claims are expressed.
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Claims

What s claimed 1s:

1. A hemostasis valve, comprising:

a main body having a proximal end region;

a cartridge at least partially disposed within the proximal end region, the cartridge
mcluding a seal member;

wherein the seal member is designed to shift between an open configuration and a
sealed configuration;

a plunger coupled to the proximal end region of the main body, the plunger
having an inner tubular region having a distal end;

wheren the distal end of the inner tubular region is spaced a clearance distance
from a proximal end of the seal member so that when the seal member is in the sealed
configuration and exposed to pressures of about 80 to about 250 pounds per square inch,
the seal member deflects into contact with the distal end of the mner tubular region and

remains in the sealed configuration.

2. The hemostasis valve of claim 1, wherein the clearance distance has an

axial dimension of about 0.1 to about 5 millumeters.

3. The hemostasis valve of claim 1, wherein the clearance distance has an

axial dimension of about 0.3 to about 2 millimeters.

4, The hemostasis valve of any one of claims 1-3, wherein the clearance
distance 1s designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of about 100 to about 250 pounds per square inch, the seal member
deflects into contact with the distal end of the inner tubular region and remains in the
sealed configuration.

5. The hemostasis valve of any one of claims 1-4, wherein the clearance
distance 1s designed so that when the seal member is in the sealed configuration and

exposed to pressures of about 80 to about 200 pounds per square inch, the seal member

-14-
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deflects into contact with the distal end of the inner tubular region and remains in the

sealed configuration.

6. The hemostasis valve of any one of claims 1-5, wherein the proximal end
region of the main body includes a retaining protrusion.
7. The hemostasis valve of claim 6, wherein the plunger has a distal retaining

flange designed to engage the retaining protrusion.

g The hemostasis valve of any one of claims 1-7, wherein a spring mermber

15 disposed within the plunger and engaged with a proximal end of the plunger.

9. The hemostasis valve of any one of claims 1-8, further comprising a nut
threadably engaged with one or more threads along the proximal end region of the main

body.

10. The hemostasis valve of any one of claims 1-9, wherein the mner tubular

region has a wall thickness that varies along the length theregof

i1 The hemostasis valve of any one of claims 1-10, wherein the mnner tubular

region has an inner diameter that varies along the length thereof.

12 A hemostasis valve, comprising:

a main body having a proximal end region;

a cartridge at least partially disposed within the proximal end region, the cartridge
incloding a seal member;

wherein the seal member is designed to shift between an open configuration and a
sealed configuration;

a plunger coupled to the proximal end region of the main body, the plunger

having an imner tubular region having a distal end;
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wherein the seal member and the plunger are arranged so that there 1s a clearance
distance between a proximal face of the seal member and the distal end of the inner
tubular region such that when the seal member 1s in the sealed configuration and exposed
to pressures of about 80 to about 250 pounds per square inch, the proximal face of the
seal member deflects into contact with the distal end of the inner tubular region and

remains in the sealed configuration.

13. The hemostasis valve of claim 12, wherein the clearance distance has an

axial dimension of about 0.3 to about 2 millimeters.

14. The hemostasis valve of any one of claims 12-13, wherein the clearance
distance 15 designed so that when the seal member 15 1n the sealed configuration and
exposed to pressures of about 100 to about 250 pounds per square inch, the seal member
deflects into contact with the distal end of the inner tubular region and remains in the

sealed configuration.

15 The hemostasis valve of any one of claims 12-13, wherein the clearance
distance 15 designed so that when the seal member 15 in the sealed configuration and
exposed to pressures of about 80 to about 200 pounds per square inch, the seal member
deflects into contact with the distal end of the mner tubular region and remains in the

sealed configuration.
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