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(54) HEMOSTASIS VALVE FOR EXPANDABLE-TYPE CATHETER

(57) The disclosed technology includes a hemosta-
sis valve assembly comprising an elongate body with a
first valve disposed near the proximal end and a second
valve disposed near the distal end and spaced apart from
the first valve. The first valve can allow a member to ex-
tend through the first valve and the second valve can
allow the member to extend through the second valve.
The elongate body can define a cavity comprising a

sloped portion including a first distance between an inner
surface of the elongate body and the longitudinal axis
near the distal end that is greater than a distance between
the inner surface and the longitudinal axis near the prox-
imal end such that a gas is directed along the sloped
portion to accumulate at an accumulation region in the
cavity near the distal end when a member extends
through the first valve.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority un-
der 35 U.S.C. § 119 to prior filed U.S. Provisional Patent
Application No. 63/494,930, filed April 7, 2023 (Attorney
Docket No.: BIO6820USPSP1 - 253757.000366), the en-
tire contents of which is hereby incorporated by reference
as if set forth in full herein.

FIELD

[0002] The present invention relates generally to he-
mostasis valves configured to prevent air from entering
a patient’s vasculature.

BACKGROUND

[0003] A "delivery sheath," "sheath," or "sheath intro-
ducer" includes a tube placed in an artery or vein of a
patient during a medical procedure that, when positioned
for treatment, has a distal end within the artery or vein
and a proximal end outside of the patient. A hemostasis
valve at the proximal end of the delivery sheath inhibits
blood from exiting the sheath and allows longer sheaths
and/or catheters to be inserted through the delivery
sheath into the artery or vein.
[0004] A problem with some current delivery sheaths
for catheter delivery is that air can be introduced into the
delivery sheath when inserting catheters with somewhat
complex geometries (e.g., basket catheter, balloon cath-
eters) through the hemostasis valve. This is because the
geometry of some catheters can entrap small air bubbles
when in a collapsed form, thereby introducing the air bub-
bles through the hemostasis valve. As is known, intro-
ducing air into the patient’s vasculature can cause ad-
verse health effects and should be avoided. The tech-
nology disclosed herein addresses these issues.

SUMMARY

[0005] There is provided, in accordance with an exam-
ple of the present invention, a hemostasis valve assem-
bly comprising an elongate body extending along a lon-
gitudinal axis and comprising a proximal end, a distal
end, and a lumen extending therethrough. The hemos-
tasis valve assembly further comprises a first valve dis-
posed near the proximal end of the elongate body. The
first valve can be configured to allow a member to extend
through the first valve. The hemostasis valve assembly
further comprises a second valve disposed near the distal
end of the elongate body spaced apart from the first valve.
The second valve can be configured to allow the member
to extend through the second valve.
[0006] The elongate body of the hemostasis valve as-
sembly can define a cavity comprising a sloped portion.
The sloped portion can include a first distance between

an inner surface of the elongate body and the longitudinal
axis near the distal end that is greater than a distance
between the inner surface of the elongate body and the
longitudinal axis near the proximal end such that a gas
is directed along the sloped portion to accumulate at an
accumulation region in the cavity near the distal end when
a member extends through the first valve.
[0007] There is provided, in accordance with an exam-
ple of the present invention, a handle for a catheter de-
vice. The handle can comprise a housing extending along
a longitudinal axis. The housing can be configured for
attachment to an insertion tube and comprising an inner
chamber.
[0008] The handle can comprise a hemostasis valve
assembly disposed at least partially in the inner chamber.
The hemostasis valve assembly can comprise an elon-
gate body extending along the longitudinal axis and com-
prising a proximal end, a distal end, and a lumen extend-
ing therethrough. The hemostasis valve assembly can
comprise a first valve disposed near the proximal end of
the elongate body and a second valve disposed near the
distal end of the elongate body.
[0009] The elongate body can define a cavity compris-
ing a sloped portion. The sloped portion can include a
first distance between an inner surface of the elongate
body and the longitudinal axis near the distal end that is
greater than a distance between the inner surface of the
elongate body and the longitudinal axis near the proximal
end such that a gas is directed along the sloped portion
to accumulate at an accumulation region in the cavity
near the distal end.
[0010] Additional features, functionalities, and applica-
tions of the disclosed technology are discussed in more
detail herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic pictorial illustration of a medical
system including a delivery sheath and handle, in
accordance with an example of the disclosed tech-
nology;
FIG. 2 is a schematic pictorial illustration of a delivery
sheath and handle, in accordance with an example
of the disclosed technology;
FIG. 3 is a cutaway view of the handle, in accordance
with an example of the disclosed technology;
FIG. 4 is a detail view of a hemostasis valve assem-
bly in the handle, in accordance with an example of
the disclosed technology;
FIG. 5A is a section view and FIG. 5B is an exploded
view showing the components of another example
of the hemostasis valve assembly, in accordance
with an example of the disclosed technology;
FIG. 6A is a section view showing the components
of the hemostasis valve assembly, in accordance
with an example of the disclosed technology;
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FIG. 6B is another section view showing the compo-
nents of the hemostasis valve assembly, in accord-
ance with an example of the disclosed technology;
FIG. 7 is yet another section view showing the com-
ponents of the hemostasis valve and air bubbles in
the hemostasis valve assembly, in accordance with
an example of the disclosed technology;
FIG. 8A is a front perspective view of the hemostasis
valve while FIG. 8B is a rear perspective view of the
hemostasis valve assembly, in accordance with an
example of the disclosed technology;
FIGs. 9A and 9B are perspective exploded views of
the hemostasis valve assembly, in accordance with
an example of the disclosed technology;
FIG. 10A is a perspective view of an end cap of the
hemostasis valve assembly, in accordance with an
example of the disclosed technology;
FIG. 10B is a perspective view of an elongate body
of the hemostasis valve assembly, in accordance
with an example of the disclosed technology;
FIG. 10C is a front view of a valve of the hemostasis
valve assembly, in accordance with an example of
the disclosed technology;
FIG. 10D is a perspective view of another valve of
the hemostasis valve assembly, in accordance with
an example of the disclosed technology;
FIG. 10E is a side view of another valve of the he-
mostasis valve assembly, in accordance with an ex-
ample of the disclosed technology;
FIG. 11 is a section view of a hemostasis valve as-
sembly, in accordance with another example of the
disclosed technology; and
FIG. 12 is a section view of a hemostasis valve as-
sembly, in accordance with yet another example of
the disclosed technology.

DETAILED DESCRIPTION

[0012] The disclosed technology includes a hemosta-
sis valve assembly that is designed to prevent air from
being introduced into a patient’s vasculature. The he-
mostasis valve assembly includes a first valve, a second
valve, and a chamber disposed between the first valve
and the second valve. As a catheter is introduced through
the first valve of the hemostasis valve assembly, air that
passes through the first valve can be collected in the
chamber and directed away from the second valve by a
sloped portion of the body of the hemostasis valve, there-
by preventing air from entering a patient’s vasculature.
The hemostasis valve can be incorporated into a handle
of a delivery sheath such that catheters inserted through
the hemostasis valve and into the sheath of the delivery
sheath are prevented from introducing air into a patient’s
vasculature. Furthermore, the hemostasis valve assem-
bly can be designed such that the handle can be in sev-
eral different orientations but air can still be collected in
an accumulation region of the chamber. These and other
benefits of the disclosed technology and described in fur-

ther detail herein.
[0013] The terms "hemostatic" and "hemostasis" are
intended to have the same meaning and can be used
interchangeably. Similarly, reference to a "hemostatic
valve" and a "hemostasis valve" can be used inter-
changeably herein and are intended to have the same
meaning.
[0014] The following detailed description should be
read with reference to the drawings, in which like ele-
ments in different drawings are identically numbered. The
drawings, which are not necessarily to scale, depict se-
lected examples and are not intended to limit the scope
of the invention. The detailed description illustrates by
way of example, not by way of limitation, the principles
of the invention. This description will clearly enable one
skilled in the art to make and use the invention, and de-
scribes several embodiments, adaptations, variations,
alternatives and uses of the invention, including what is
presently believed to be the best mode of carrying out
the invention.
[0015] As used herein, the terms "about" or "approxi-
mately" for any numerical values or ranges indicate a
suitable dimensional tolerance that allows the part or col-
lection of components to function for its intended purpose
as described herein. More specifically, "about" or "ap-
proximately" may refer to the range of values 620% of
the recited value, e.g. "about 90%" may refer to the range
of values from 71% to 110%. In addition, as used herein,
the terms "patient," "host," "user," and "subject" refer to
any human or animal subject and are not intended to limit
the systems or methods to human use, although use of
the subject invention in a human patient represents a
preferred embodiment. As well, the term "proximal" indi-
cates a location closer to the operator or physician where-
as "distal" indicates a location further away to the oper-
ator or physician.
[0016] As discussed herein, vasculature of a "patient,"
"host," "user," and "subject" can be vasculature of a hu-
man or any animal. It should be appreciated that an an-
imal can be a variety of any applicable type, including,
but not limited thereto, mammal, veterinarian animal, live-
stock animal or pet type animal, etc. As an example, the
animal can be a laboratory animal specifically selected
to have certain characteristics similar to a human (e.g.,
rat, dog, pig, monkey, or the like). It should be appreciated
that the subject can be any applicable human patient, for
example.
[0017] As discussed herein, "physician" can include a
doctor, surgeon, technician, scientist, operator, or any
other individual or delivery instrumentation associated
with delivery of a multi-electrode catheter for the treat-
ment of drug refractory atrial fibrillation to a subject.
[0018] As discussed herein, the term "ablate" or "ab-
lation", as it relates to the devices and corresponding
systems of this disclosure, refers to components and
structural features configured to reduce or prevent the
generation of erratic cardiac signals in the cells by utiliz-
ing non-thermal energy, such as reversable or irrevers-
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ible electroporation (IRE), referred throughout this dis-
closure interchangeably as pulsed electric field (PEF)
and pulsed field ablation (PFA), or thermal energy such
as radiofrequency (RF) ablation or cryoablation. Ablating
or ablation as it relates to the devices and corresponding
systems of this disclosure is used throughout this disclo-
sure in reference to thermal or non-thermal ablation of
cardiac tissue for certain conditions including, but not lim-
ited to, arrhythmias, atrial flutter ablation, pulmonary vein
isolation, supraventricular tachycardia ablation, and ven-
tricular tachycardia ablation. The term "ablate" or "abla-
tion" also includes known methods, devices, and sys-
tems to achieve various forms of bodily tissue ablation
as understood by a person skilled in the relevant art.
[0019] As discussed herein, the terms "tubular" and
"tube" are to be construed broadly and are not limited to
a structure that is a right cylinder or strictly circumferential
in cross-section or of a uniform cross-section throughout
its length. For example, the tubular structures are gen-
erally illustrated as a substantially right cylindrical struc-
ture. However, the tubular structures may have a tapered
or curved outer or inner surface without departing from
the scope of the present disclosure.
[0020] FIG. 1 shows an example system 10 that can
include a delivery sheath 14 (referred to interchangeably
as "delivery sheath catheter 14"). The delivery sheath 14
can be configured for navigating to a patient’s 23 heart
12 and for delivery of electrophysiology mapping and ab-
lation catheters (not shown). System 10 can be config-
ured for multiple catheters, which are percutaneously in-
serted by physician 24 through the patient’s 23 vascular
system into a chamber or vascular structure of a heart
12. Typically, a delivery sheath catheter 14 is inserted
into the left or right atrium near a desired location in heart
12. Thereafter, a plurality of catheters can be inserted
into the delivery sheath catheter 14 so as to arrive at the
desired location. The plurality of catheters may include
catheters dedicated for sensing Intracardiac Electrogram
(IEGM) signals, catheters dedicated for ablating and/or
catheters dedicated for both sensing and ablating. An
example delivery sheath catheter 14 that is configured
for sensing IEGM is illustrated herein. Physician 24
brings a distal tip of a mapping catheter into contact with
the heart wall for sensing a target site in heart 12. The
end effector of the mapping catheter may include a bas-
ket catheter, a planar catheter, a focal catheter, a balloon
catheter, etc. For ablation, physician 24 similarly brings
a distal end of an ablation catheter to a target site for
ablating. Similarly, the end effector of the ablation cath-
eter may include a basket catheter, a planar catheter, a
focal catheter, a balloon catheter, etc.
[0021] Delivery sheath catheter 14 is an exemplary
catheter that includes one and preferably multiple elec-
trodes 29 optionally distributed over a distal end 28 of
the delivery sheath catheter 14 for tracking position and
orientation of delivery sheath catheter 14. Optionally and
preferably, electrodes 29 can be magnetic based position
sensors including three magnetic coils for sensing three-

dimensional (3D) position and orientation. Alternatively,
the position sensor can be configured for impedance-
based position tracking. As shown in FIG. 2, delivery
sheath catheter 14 can include a handle 100 at a proximal
end thereof.
[0022] A combination magnetic based position sensor
and force sensor may be operated together with a loca-
tion pad 25 including a plurality of magnetic coils 32 con-
figured to generate magnetic fields in a predefined work-
ing volume. Real time position of distal end 28 of delivery
sheath catheter 14 may be tracked based on magnetic
fields generated with location pad 25 and sensed by mag-
netic-based position sensors (e.g., electrodes 29). De-
tails of the magnetic based position sensing technology
are described in U.S. Patent Nos. 5,391,199; 5,443,489;
5,558,091; 6,172,499; 6,239,724; 6,332,089; 6,484,118;
6,618,612; 6,690,963; 6,788,967; 6,892,091, each of
which are incorporated herein by reference and attached
in the Appendix of priority application No. 63/494,930.
[0023] System 10 includes one or more electrode
patches 38 positioned for skin contact on patient 23 to
establish location reference for location pad 25 as well
as impedance-based tracking of electrodes 29. For im-
pedance-based tracking, electrical current is directed to-
ward electrodes 29 and sensed at electrode skin patches
38 so that the location of each electrode 29 can be trian-
gulated via the electrode patches 38. Details of the im-
pedance-based location tracking technology are de-
scribed in US Patent Nos. 7,536,218; 7,756,576;
7,848,787; 7,869,865; and 8,456,182, each of which are
incorporated herein by reference and attached in the Ap-
pendix of priority application No. 63/494,930.
[0024] A recorder 11 displays electrograms 21 cap-
tured with body surface ECG electrodes 18 and intrac-
ardiac electrograms (IEGM) captured with electrodes 26
of delivery sheath catheter 14. Recorder 11 may include
pacing capability for pacing the heart rhythm and/or may
be electrically connected to a standalone pacer.
[0025] System 10 may include an ablation energy gen-
erator 50 that is adapted to conduct ablative energy to
one or more of electrodes at a distal tip of a catheter
configured for ablating. Energy produced by ablation en-
ergy generator 50 may include, but is not limited to, ra-
diofrequency (RF) energy or pulsed-field ablation (PFA)
energy, including monopolar or bipolar high-voltage DC
pulses as may be used to effect irreversible electropora-
tion (IRE), or combinations thereof.
[0026] Patient interface unit (PIU) 30 is an interface
configured to establish electrical communication be-
tween catheters, electrophysiological equipment, power
supply and a workstation 55 for controlling operation of
system 10. Electrophysiological equipment of system 10
may include for example, multiple catheters, location pad
25, body surface ECG electrodes 18, electrode patches
38, ablation energy generator 50, and recorder 11. Op-
tionally and preferably, PIU 30 additionally includes
processing capability for implementing real-time compu-
tations of location of the catheters and for performing
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ECG calculations.
[0027] Workstation 55 includes memory, processor
unit with memory or storage with appropriate operating
software loaded therein, and user interface capability.
Workstation 55 may provide multiple functions, optionally
including (1) modeling the endocardial anatomy in three-
dimensions (3D) and rendering the model or anatomical
map 20 for display on a display device 27, (2) displaying
on display device 27 activation sequences (or other data)
compiled from recorded electrograms 21 in representa-
tive visual indicia or imagery superimposed on the ren-
dered anatomical map 20, (3) displaying real-time loca-
tion and orientation of multiple catheters within the heart
chamber, and (4) displaying on display device 27 sites
of interest such as places where ablation energy has
been applied. One commercial product embodying ele-
ments of the system 10 is available as the CARTO™ 3
System, available from Biosense Webster, Inc., 31 Tech-
nology Drive, Suite 200, Irvine, CA 92618, USA.
[0028] FIG. 2 is a schematic pictorial illustration show-
ing a perspective view of a delivery sheath catheter 14
having a handle 100 at a proximal end of the delivery
sheath catheter 14 and electrodes 29 disposed on a distal
end 28 of the delivery sheath catheter 14. The delivery
sheath catheter 14 can be configured for insertion and
navigation of a patient’s vasculature to position the distal
end 28 of the delivery sheath catheter 14 in a chamber
of the patient’s heart 12.
[0029] The delivery sheath catheter 14 can include a
handle 100, a coupler 109, and a sheath 106 attached
to the handle 100 via the coupler 109 and terminating at
a distal end 110 (distal tip). The distal end 110 can include
an atraumatic tip configured to prevent injury to tissue.
The delivery sheath catheter 14 can include a lumen 112
extending from a proximal end 108 of the handle 100,
through the handle 100, and through the sheath 106 all
the way to the distal end 110. The lumen 112 can be
sized to receive various other catheters including, but not
limited to, catheters configured for mapping and/or abla-
tion of tissue.
[0030] As mentioned previously, at least the distal end
28 of the sheath 106 can include one or more electrodes
29 configured for position sensing (e.g., magnetic- or im-
pedance-based position tracking). The distal end 28 of
the delivery sheath catheter 14 can be configured to de-
flect in one or more directions to enable steering of the
delivery sheath catheter 14. For example, the delivery
sheath catheter 14 can include one or more pull wires
(not shown) that are attached to an actuator 104 config-
ured to pull the one or more pull wires when actuated to
cause the distal end 28 to deflect as will be appreciated
by those skilled in the art. The handle 100 can further
include a grip 102 configured to be gripped by the phy-
sician 24.
[0031] The handle 100 can further include an irrigation
supply tube 120 that can direct saline or other irrigation
fluid from an irrigation supply and into the handle for de-
livery to the distal end 28. The handle 100 can also in-

clude an electrical connector 130 that can be electrically
connected to the one or more electrodes 29 and can be
configured for connection to the PIU 30.
[0032] Turning now to FIGs. 3 and 4, the delivery
sheath catheter 14 can include a hemostasis valve as-
sembly 200 that can be configured to prevent air from
entering the vasculature of the patient 23. FIG. 3 shows
a cutaway view of the handle 100 while FIG. 4 shows a
detail view of the hemostasis valve assembly 200.
[0033] As shown in FIG. 3, the actuator 104 can be
coupled to an actuation assembly 114 that can be at-
tached to one or more pull wires (not shown) and config-
ured to pull the one or more pull wires when actuated to
change a direction of the distal end 110. In this way, the
distal end 28 of the delivery sheath catheter 14 can be
deflected when the actuator 104 is rotated or otherwise
actuated by the physician 24. Although the actuator 104
is shown as being a rotary wheel in the drawings, one of
skill in the art will appreciate that other actuators can be
used instead of a rotary wheel as is known in the art.
[0034] As shown in FIG. 3, the handle 100 can further
include a hemostasis valve assembly 200 disposed at
least partially in the handle 100. In other words, the han-
dle 100 can form a housing configured to house at least
a portion of the hemostasis valve assembly 200. The
hemostasis valve assembly 200 can be connected to the
irrigation supply tube 120 such that irrigation fluid can
enter the hemostasis valve assembly 200 prior to enter-
ing the sheath 106 and being delivered into the patient
23. The sheath 106 can be attached directly to the he-
mostasis valve assembly 200. As shown in FIG. 6A, the
irrigation supply tube 120 can be connected to the he-
mostasis valve assembly 200 downstream of a first valve
228. In this way, the irrigation fluid can enter the hemos-
tasis valve assembly 200 directly while the hemostasis
valve assembly 200 prevents blood or other fluids from
exiting the hemostasis valve assembly 200.
[0035] FIG. 4 also shows the electrical connector 130
including a strain relief 132 attached to the handle 100
and a cord of the electrical connector 130. In this way,
the electrical connector 130 can be secured to the handle
100 and prevented from detaching from the handle 100
during an operation.
[0036] As shown in FIG. 4, the hemostasis valve as-
sembly 200 can include an expansion chamber body 202
(also referred to as a distal member) and an inlet chamber
body 220 (also referred to as a proximal member). In
some examples, the expansion chamber body 202 can
be positioned inside of the handle 100 while the inlet
chamber body 220 can be positioned outside of the han-
dle 100. In other examples, both the expansion chamber
body 202 and the inlet chamber body 220 can be posi-
tioned outside of the handle 100 or both can be positioned
inside of the handle 100. That is, although the hemostasis
valve assembly 200 is shown as having the inlet chamber
body 220 positioned outside of the handle 100 while the
expansion chamber body 202 is positioned inside of the
handle, the handle 100 and hemostasis valve assembly
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200 can include other configurations without departing
from the scope of this disclosure.
[0037] FIG. 5A is a section view and FIG. 5B is an
exploded view showing the components of the hemos-
tasis valve assembly 200, in accordance with an example
of the disclosed technology. As shown in FIGs. 5A and
5B, the hemostasis valve assembly 200 can include a
first valve 228 at a proximal end of the hemostasis valve
assembly 200 and a second valve 218 at a distal end of
the hemostasis valve assembly 200. The first valve 228
and the second valve 218 can each be configured to pre-
vent fluid from passing therethrough when closed or
when a catheter is inserted through the first valve 228
and/or the second valve 218. The first valve 228 and the
second valve 218 can each be the same type of valve or
they can each be a different type of valve. As will be
appreciated, the first valve 228 and the second valve 218
can each be configured to withstand the pressure com-
monly present in vasculature such that little or no blood
is permitted to escape through the hemostasis valve as-
sembly 200.
[0038] The hemostasis valve assembly 200 can in-
clude a hollow tube 214 extending at least partially be-
tween the first valve 228 and the second valve 218. The
hollow tube 214 can be sized to receive a mapping cath-
eter, an ablation catheter, and/or other types of catheters.
As will be described in greater detail herein, the hollow
tube 214 can define apertures that can permit fluid and
gas to pass therethrough. The hollow tube 214 can be
configured to guide a catheter from the first valve 228 to
the second valve 218 to ensure the catheter is directed
through the second valve 218 into the sheath 106 and
ultimately into the patient’s vasculature. The hollow tube
214 and the expansion chamber body 202 can each have
a length that is greater than a distal end of a catheter
(e.g., the end effector) such that the distal end of the
catheter can be entirely housed within the expansion
chamber body 202 such that air bubbles released from
the distal end of the catheter collect in the expansion
chamber body 202.
[0039] The hemostasis valve assembly 200 can in-
clude an inlet chamber body 220, an expansion chamber
body 202, and an end cap 208 that can together form a
body and define an expansion chamber of the hemosta-
sis valve assembly 200. The various components of the
hemostasis valve assembly 200 just described can be
attached together using adhesive, welding, press fit, or
other methods of assembly known in the art.
[0040] FIG. 6A is a section view showing the compo-
nents of the hemostasis valve assembly 200, in accord-
ance with an example of the disclosed technology. As
shown in FIG. 6A, the inlet chamber body 220 can include
the lumen 112 which can extend therethrough, an inlet
cap 222, an irrigation port adapter 226 configured to con-
nect to the irrigation supply 120, and a first valve 228.
The inlet chamber body 220 can define an inlet chamber
224 that can be configured to receive fluid from the irri-
gation supply and direct the fluid toward the expansion

chamber body 202 and eventually through the second
valve 218 and into the vasculature of the patient 23. As
shown and described previously, the inlet chamber body
220 can be disposed outside of the handle 100, partially
in the handle 100, or entirely in the handle 100 depending
on the particular configuration.
[0041] As shown in FIG. 6A (see also FIGs. 8A and
8B), the expansion chamber body 202 can be attached
to the inlet chamber body 220 and include a tubular por-
tion 204 and a sloped portion 206. An end cap 208 can
be attached to the distal end of the expansion chamber
body 202 and include a sheath adapter 212 configured
to receive and connect to the sheath 106. An O-ring or
other seal 210 can be positioned between the end cap
208 and the expansion chamber body 202 to prevent
fluid from escaping the expansion chamber body 202. In
some examples, the seal 210 can include an adhesive
positioned between the end cap 208 and the expansion
chamber body 202.
[0042] The hemostasis valve assembly 200 can further
include a tube adapter 216 that can be positioned be-
tween the hollow tube 214 and the end cap 208. The tube
adapter 216 can be configured to align the hollow tube
214 in the expansion chamber body 202 with the second
valve 218 and to secure the second valve 218 in place.
For example, the tube adapter 216 can be attached to
the end cap 208 and secure the second valve 218 be-
tween the tube adapter 216 and the end cap 208 to pre-
vent the second valve 218 from becoming dislodged or
otherwise moving out of position.
[0043] The tubular portion 204 of the expansion cham-
ber body 202 can be configured to connect to the hollow
tube 214 and the inlet chamber body 220. As shown in
FIGs. 6B and 7, the sloped portion 206 can extend out-
ward from the longitudinal axis L in the proximal direction
to permit air or other gases to move upward toward the
distal end of the expansion chamber body 202. As shown
in FIG. 6B, a distance D 1 between the longitudinal axis
L and a first point 201 at the proximal end of the sloped
portion 206 can be less than a distance D2 between the
longitudinal axis and a second point 203 at the distal end
of the sloped portion 206. As explained previously, as a
catheter 700 (as shown in FIG. 7) is inserted through the
first valve 228 and the second valve 218, air may inad-
vertently be introduced into the hemostasis valve assem-
bly 200. Apertures 215 formed into the hollow tube 214
can permit gases to escape into the expansion chamber
body 202. Because the sloped portion 206 slopes upward
toward the distal end, gases (e.g., air) which have been
introduced into the hemostasis valve assembly 200 can
be guided along the sloped portion 206 to an accumula-
tion region 704 wherein air bubbles 702 can collect. The
accumulation region 704 can be positioned a sufficient
distance away from the longitudinal axis and the second
valve 218 to ensure gases that have entered the hemos-
tasis valve assembly 200 are prevented from passing
through the second valve 218. In some examples, the
apertures 215 can include, or be replaced by, a perme-
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able membrane configured to permit gases to pass there
through but to prevent liquid (e.g., irrigation fluid or blood)
from passing therethrough. In some examples, the per-
meable membrane can be or include a polydimethylsi-
loxane (PDMS) layer or polytetrafluoroethylene (PTFE)
membranes or filters.
[0044] As shown in FIGs. 8A and 8B, the expansion
chamber body 202 can be rounded and form a funnel-
like shape such that the sloped portion 206 can slope
upwards no matter how the hemostasis valve assembly
200 is turned so long as the handle 100 is kept relatively
level. That is to say that the expansion chamber body
202 can be approximately rotationally symmetric about
the longitudinal axis L. In this way, the physician 24 can
turn the handle 100 to manipulate the sheath 106 to en-
sure the distal end 110 is properly positioned with the
hemostasis valve assembly 200 still being able to per-
form the function of directing gases away from the second
valve 218.
[0045] FIGs. 9A and 9B are perspective exploded
views of the hemostasis valve assembly 200, in accord-
ance with an example of the disclosed technology. As
previously described, the hemostasis valve assembly
200 can include an expansion chamber body 202, a hol-
low tube 214, a tube adapter 216, a seal 210, a second
valve 218, and an end cap 208. As shown in FIGs. 9A,
the tube adapter 216 can include one or more apertures
916 configured to receive one or more protrusions 908
of the end cap. The one or more protrusions 908, shown
in FIGs. 9B and 10A, can be configured to extend through
one or more apertures 918 in the second valve 218 to
help prevent the second valve 218 from becoming dis-
lodged or otherwise moving out of position.
[0046] The tube adapter 216 can be further configured
to receive at least a portion of the hollow tube 214 to help
align a longitudinal axis of the hollow tube 214 with a
longitudinal axis of the second valve 218 and the hemos-
tasis valve assembly 200. The hollow tube 214 can define
one or more apertures 215 extending therethrough in a
direction perpendicular to the longitudinal axis L that can
permit gas (e.g., air) to pass therethrough. As shown, the
apertures 215 can include slots formed into the hollow
tube 214 or the apertures 215 can have any other suitable
shape, size, alignment, and/or configuration to permit gas
to pass therethrough and accumulate in the accumulation
region 704.
[0047] As shown in FIG. 10B, the expansion chamber
body 202 can include a first lip 1002, a second lip 1006,
and a recess 1004 therebetween. The recess 1004 can
be configured to receive the seal 210 and keep it in place.
As will be appreciated, the recess 1004 can be sized to
ensure the seal 210 extends outwardly a sufficient
amount to form a liquid-tight seal between the expansion
chamber body 202 and the end cap 208.
[0048] As shown in FIGs. 10C and 10D, the first valve
228 can include a first opening 1028 and the second valve
218 can include a second opening 1018. The first opening
1028 and the second opening 1018 can be a slit config-

ured to permit a catheter to be inserted therethrough
while also forming a seal around the catheter, thereby
preventing fluid from leaking through the first valve 228
and/or the second valve 218. The first valve 228 and/or
the second valve 218 can include a first portion 1022
having a first durometer and a second portion 1024 hav-
ing a second durometer. The first durometer can be less
than the second durometer. In this way, the first valve
228 and/or the second valve 218 can have portions of
the valve that will be more flexible or softer than others.
For example, a first portion 1022 of the first valve 228
and/or the second valve 218 that is nearest the longitu-
dinal axis L can have the first durometer to ensure suffi-
cient flexibility while a second portion 1024 of the first
valve 228 and/or the second valve 218 that is farthest
from the longitudinal axis can have the second durometer
to ensure the first valve 228 and/or the second valve 218
maintains a sufficient rigidity to withstand hemostatic
pressure. Furthermore, the durometer of the first portion
1022 of the first valve 228 can be different than the du-
rometer of the first portion 1022 of the second valve 218.
Similarly, the durometer of the second portion 1024 of
the first valve 228 can be different than the durometer of
the second portion 1024 of the second valve 218.
[0049] As yet another example, as shown in FIG. 10E,
the first portion 1022 and the second portion 1024 can
be on a side of the first valve 228 and/or the second valve
218, rather than (or in addition to) being in a region of
the first valve 228 and/or the second valve 218 as shown
in FIGs. 10C and 10D. For example, a first side (e.g., the
proximal side) of the first valve 228 and/or the second
valve 218 can have a first portion 1022 having a first
durometer and a second side (e.g., the distal side) can
have a second portion 1024 having a second durometer.
The first durometer can be less than the second durom-
eter, or vice versa. For example, if the proximal side of
the first valve 228 and/or the second valve 218 has a first
portion 1022 comprising a lower durometer than the distal
side having a second portion 1024, as a catheter is in-
serted through the first valve 228 and/or the second valve
218, the first portion 1022 which contacts the catheter
shaft can help to form a liquid-tight seal. As another ex-
ample, the overall durometer of the first valve 228 can
be higher than an overall durometer of the second valve
218, and vice versa. For example, the first valve 228 can
be made from material having a higher overall durometer
than material used to make the second valve 218, even
if the first valve 228 and/or the second valve 218 has a
first portion 1022 and a second portion 1024. As will be
appreciated, the chosen durometer of each first portion
1022 and each second portion 1024 of the valves 218,
228, as well as the overall durometer of the valves 218,
228 can be selected for the particular application and
desired performance.
[0050] Turning now to FIG. 11, the hemostasis valve
assembly 200 can include a permeable membrane 1102
that can be configured to permit gases (e.g., air) to es-
cape the expansion chamber body 202 while preventing
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liquid (e.g., saline and/or blood) from escaping. In this
way, the gases which collect in the expansion chamber
body 202 are prevented from building up to the point
where gases could be forced through the second valve
218 by insertion of a catheter. Thus, as gases build up
in the expansion chamber body 202, the gases will es-
cape into the handle and then out into the atmosphere
thereby preventing the gases from entering the vascula-
ture. The permeable membrane 1102 can be any suitable
permeable membrane 1102 capable of permitting gases
to pass therethrough while still preventing the liquid from
passing therethrough, even under pressure. For exam-
ple, and not limitation, the permeable membrane 1102
can be or include a polydimethylsiloxane (PDMS) layer
or polytetrafluoroethylene (PTFE) membranes or filters.
[0051] FIG. 12 is a section view of another example of
the hemostasis valve assembly 200, in accordance with
an example of the disclosed technology. As shown in
FIG. 12, the hemostasis valve assembly 200 can include
a plug 1202 positioned near the accumulation region 704
(e.g., near the distal end of the expansion chamber body
202) and configured to be closed to prevent gases from
passing therethrough or to be opened to allow gases to
pass therethrough. The plug 1202, for example, can be
opened by the physician 24 to permit any accumulated
gases to escape the hemostasis valve assembly 200. In
some examples, the plug 1202 can be a vent configured
to permit gasses to pass therethrough but prevent liquid
from passing therethrough. In some examples, at least
a portion of the expansion chamber body 202 and at least
a portion of the handle 100 can be made from transparent
or semi-transparent material so that the physician 24 can
see air bubbles as they accumulate. Thus, when the phy-
sician 24 determines that air has accumulated in the he-
mostasis valve assembly 200, the physician 24 can open
the plug 1202 to permit the gases to escape therethrough.
The plug 1202 can be any suitable type of plug, including
but not limiting to, a threaded plug, a rubber plug, or var-
ious types of valves.
[0052] The disclosed technology described herein can
be further understood according to the following clauses:

Clause 1: A hemostasis valve assembly comprising:
an elongate body extending along a longitudinal axis
and comprising a proximal end, a distal end, and a
lumen extending therethrough; a first valve disposed
near the proximal end of the elongate body, the first
valve configured to allow a member to extend
through the first valve; and a second valve disposed
near the distal end of the elongate body spaced apart
from the first valve, the second valve configured to
allow the member to extend through the second
valve, the elongate body defining a cavity comprising
a sloped portion, the sloped portion including a first
distance between an inner surface of the elongate
body and the longitudinal axis near the distal end
that is greater than a distance between the inner sur-
face of the elongate body and the longitudinal axis

near the proximal end such that a gas is directed
along the sloped portion to accumulate at an accu-
mulation region in the cavity near the distal end when
a member extends through the first valve.
Clause 2: The hemostasis valve assembly according
to clause 1 further comprising a hollow tube extend-
ing through the lumen from the first valve to the sec-
ond valve.
Clause 3: The hemostasis valve assembly according
to clause 2, the hollow tube defining one or more
apertures extending therethrough perpendicular to
the longitudinal axis.
Clause 4: The hemostasis valve assembly according
to clause 3, the one or more apertures comprising
slots formed into the hollow tube.
Clause 5: The hemostasis valve assembly according
to any of clauses 2-4, the lumen being sized to re-
ceive a catheter device.
Clause 6: The hemostasis valve assembly according
to any of the preceding clauses, at least one of the
first valve and the second valve comprising a first
portion including a first durometer and a second por-
tion including a second durometer, the first durom-
eter being less than the second durometer.
Clause 7: The hemostasis valve assembly according
to clause 6, the first portion being a portion of the
respective one of the first valve and second valve
near the longitudinal axis and the second portion be-
ing a portion of the respective one of first valve and
second valve near the elongate body.
Clause 8: The hemostasis valve assembly according
to any of the preceding clauses, at least one of the
first valve and the second valve comprising a slit near
the longitudinal axis and a plurality of apertures
formed therethrough a distance away from the lon-
gitudinal axis.
Clause 9: The hemostasis valve assembly according
to clause 8, the elongate body further comprising a
plurality of protrusions, the plurality of protrusions
being configured to align with the plurality of aper-
tures.
Clause 10: The hemostasis valve assembly accord-
ing to any of the preceding clauses, the hemostasis
valve assembly being configured to be disposed at
least partially in a handle of a catheter device.
Clause 11: The hemostasis valve assembly accord-
ing to any of the preceding clauses further compris-
ing a plug disposed near the distal end of the elon-
gate body, the plug configured to prevent fluid from
exiting the elongate body when closed and to permit
fluid to exit the elongate body when opened.
Clause 12: The hemostasis valve assembly accord-
ing to any of the preceding clauses, the elongate
body comprising a transparent material.
Clause 13: The hemostasis valve assembly accord-
ing to any of the preceding clauses further compris-
ing a permeable membrane disposed at the distal
end of the elongate body, the permeable membrane
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configured to permit the gas to pass therethrough
and to prevent a liquid from passing therethrough.
Clause 14: The hemostasis valve assembly accord-
ing to clause 13, the permeable membrane compris-
ing a polydimethylsiloxane (PDMS) layer.
Clause 15: The hemostasis valve assembly accord-
ing to any of the preceding clauses the elongate body
further comprising a proximal member and a distal
member, the proximal member comprising the first
valve and the distal member comprising the second
valve.
Clause 16: The hemostasis valve assembly accord-
ing to clause 15, the proximal member further com-
prising an irrigation port configured to receive an ir-
rigation fluid from an irrigation fluid supply.
Clause 17: The hemostasis valve assembly accord-
ing to clause 15 or clause 16, the distal member com-
prising an end cap and an expansion chamber, the
expansion chamber comprising the sloped portion.
Clause 18: The hemostasis valve assembly accord-
ing to clause 17, the distal member further compris-
ing a sealing ring disposed between the end cap and
the expansion chamber.
Clause 19: A handle for a catheter device, the handle
comprising: a housing extending along a longitudinal
axis, the housing configured for attachment to an
insertion tube and comprising an inner chamber; a
hemostasis valve assembly disposed at least par-
tially in the inner chamber, the hemostasis valve as-
sembly comprising: an elongate body extending
along the longitudinal axis and comprising a proximal
end, a distal end, and a lumen extending there-
through; a first valve disposed near the proximal end
of the elongate body; and a second valve disposed
near the distal end of the elongate body, the elongate
body defining a cavity comprising a sloped portion,
the sloped portion including a first distance between
an inner surface of the elongate body and the longi-
tudinal axis near the distal end that is greater than a
distance between the inner surface of the elongate
body and the longitudinal axis near the proximal end
such that a gas is directed along the sloped portion
to accumulate at an accumulation region in the cavity
near the distal end.
Clause 20: The handle according to clause 19, the
handle further comprising a proximal member and a
distal member, the proximal member configured to
support the first valve and the distal member com-
prising an end cap configured to support the second
valve.
Clause 21: The handle according to clause 20, the
proximal member extending at least partially beyond
an outer boundary of the housing.
Clause 22: The handle according to clause 20 or 21,
the proximal member further comprising an irrigation
port configured to receive an irrigation fluid from an
irrigation fluid supply.
Clause 23: The handle according to any of clauses

19-22, the end cap connected to the sloped portion
to define an expansion chamber between the first
valve and the second valve.
Clause 24: The handle according to any of clauses
19-22 further comprising a hollow tube extending
through the lumen from the first valve to the second
valve.
Clause 25: The handle according to clause 24, the
hollow tube being disposed in the expansion cham-
ber.
Clause 26: The handle according to clause 24, the
hollow tube defining one or more apertures extend-
ing therethrough perpendicular to the longitudinal
axis.
Clause 27: The handle according to clause 26, the
one or more apertures comprising slots formed into
the hollow tube.
Clause 28: The handle according to any of clauses
19-27, the lumen being sized to receive a catheter
device.
Clause 29: The handle according to any of clauses
19-28, the distal member further comprising a seal-
ing ring disposed between the end cap and the ex-
pansion chamber.
Clause 30: The handle according to any of clauses
19-29, at least one of the first valve and the second
valve comprising a first portion including a first du-
rometer and a second portion including a second
durometer, the first durometer being less than the
second durometer.
Clause 31: The handle according to clause 30, the
first portion being a portion of the respective one of
the first valve and second valve near the longitudinal
axis and the second portion being a portion of the
respective one of the first valve and second valve
near the elongate body.
Clause 32: The handle according to any of clauses
19-31, at least one of the first valve and the second
valve comprising a slit near the longitudinal axis and
a plurality of apertures formed therethrough a dis-
tance away from the longitudinal axis.
Clause 33: The handle according to clause 32, the
elongate body further comprising a plurality of pro-
trusions, the plurality of protrusions being configured
to align with the plurality of apertures.
Clause 34: The handle according to any of clauses
19-33 further comprising a plug disposed near the
distal end of the elongate body, the plug configured
to prevent fluid from exiting the elongate body when
closed and to permit fluid to exit the elongate body
when opened.
Clause 35: The handle according to any of clauses
19-34, the elongate body comprising a transparent
material.
Clause 36: The handle according to any of clauses
19-35 further comprising a permeable membrane
disposed at the distal end of the body, the permeable
membrane configured to permit a gas to pass there-
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through and to prevent a liquid from passing there-
through.
Clause 37: The handle according to clause 36, the
permeable membrane comprising a polydimethylsi-
loxane (PDMS) layer.
The embodiments described above are cited by way
of example, and the present invention is not limited
by what has been particularly shown and described
hereinabove. Rather, the scope of the invention in-
cludes both combinations and sub combinations of
the various features described hereinabove, as well
as variations and modifications thereof which would
occur to persons skilled in the art upon reading the
foregoing description and which are not disclosed in
the prior art.

Claims

1. A hemostasis valve assembly comprising:

an elongate body extending along a longitudinal
axis and comprising a proximal end, a distal end,
and a lumen extending therethrough;
a first valve disposed near the proximal end of
the elongate body, the first valve configured to
allow a member to extend through the first valve;
and
a second valve disposed near the distal end of
the elongate body spaced apart from the first
valve, the second valve configured to allow the
member to extend through the second valve,
the elongate body defining a cavity comprising
a sloped portion, the sloped portion including a
first distance between an inner surface of the
elongate body and the longitudinal axis near the
distal end that is greater than a distance be-
tween the inner surface of the elongate body
and the longitudinal axis near the proximal end
such that a gas is directed along the sloped por-
tion to accumulate at an accumulation region in
the cavity near the distal end when a member
extends through the first valve.

2. The hemostasis valve assembly according to claim
1 further comprising a hollow tube extending through
the lumen from the first valve to the second valve,
optionally the hollow tube defining one or more ap-
ertures extending therethrough perpendicular to the
longitudinal axis.

3. The hemostasis valve assembly according to claim
1 or claim 2, at least one of the first valve and the
second valve comprising a first portion including a
first durometer and a second portion including a sec-
ond durometer, the first durometer being less than
the second durometer, optionally the first portion be-
ing a portion of the respective one of the first valve

and second valve near the longitudinal axis and the
second portion being a portion of the respective one
of first valve and second valve near the elongate
body.

4. The hemostasis valve assembly according to any
preceding claim, at least one of the first valve and
the second valve comprising a slit near the longitu-
dinal axis and a plurality of apertures formed there-
through a distance away from the longitudinal axis,
optionally the elongate body further comprising a plu-
rality of protrusions, the plurality of protrusions being
configured to align with the plurality of apertures.

5. The hemostasis valve assembly according to any
preceding claim, the hemostasis valve assembly be-
ing configured to be disposed at least partially in a
handle of a catheter device.

6. The hemostasis valve assembly according to any
preceding claim further comprising a plug disposed
near the distal end of the elongate body, the plug
configured to prevent fluid from exiting the elongate
body when closed and to permit fluid to exit the elon-
gate body when opened.

7. The hemostasis valve assembly according to any
preceding claim, the elongate body comprising a
transparent material.

8. The hemostasis valve assembly according to any
preceding claim further comprising a permeable
membrane disposed at the distal end of the elongate
body, the permeable membrane configured to permit
the gas to pass therethrough and to prevent a liquid
from passing therethrough.

9. The hemostasis valve assembly according to claim
8, the permeable membrane comprising a poly-
dimethylsiloxane (PDMS) layer.

10. The hemostasis valve assembly according to claim
1 further comprising an irrigation port configured to
receive an irrigation fluid from an irrigation fluid sup-
ply.

11. A handle for a catheter device, the handle compris-
ing:

a housing extending along a longitudinal axis,
the housing configured for attachment to an in-
sertion tube and comprising an inner chamber;
a hemostasis valve assembly disposed at least
partially in the inner chamber, the hemostasis
valve assembly comprising:

an elongate body extending along the lon-
gitudinal axis and comprising a proximal
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end, a distal end, and a lumen extending
therethrough;
a first valve disposed near the proximal end
of the elongate body; and
a second valve disposed near the distal end
of the elongate body,
the elongate body defining a cavity compris-
ing a sloped portion, the sloped portion in-
cluding a first distance between an inner
surface of the elongate body and the longi-
tudinal axis near the distal end that is great-
er than a distance between the inner surface
of the elongate body and the longitudinal
axis near the proximal end such that a gas
is directed along the sloped portion to ac-
cumulate at an accumulation region in the
cavity near the distal end.

12. The handle according to claim 11, the handle further
comprising a proximal member and a distal member,
the proximal member configured to support the first
valve and the distal member comprising an end cap
configured to support the second valve, optionally
the proximal member extending at least partially be-
yond an outer boundary of the housing.

13. The handle according to claim 11 or claim 12, the
proximal member further comprising an irrigation
port configured to receive an irrigation fluid from an
irrigation fluid supply.

14. The handle according to any of claims 11 to 13, the
end cap connected to the sloped portion to define
an expansion chamber between the first valve and
the second valve.

15. The handle according to any of claims 11 to 13 further
comprising a hollow tube extending through the lu-
men from the first valve to the second valve, option-
ally the hollow tube defining one or more apertures
extending therethrough perpendicular to the longitu-
dinal axis.
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