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(57) ABSTRACT

A system for providing vascular access in a patient’s body
may comprise at least one hemostatic valve and at least one
clamp to be used with a vascular graft. The vascular graft
comprises a tubular body having a proximal end and a distal
end, the proximal end being configured to be attached to a
vessel in a patient’s body. The at least one valve is config-
ured to be attached to the distal end of the graft’s tubular
body and comprises a housing including a flexible mem-
brane that allows a medical device to be inserted through the
membrane into said vascular graft. The valve further com-
prises an introducer sheath configured to be inserted into the
distal end of the graft’s tubular body. The at least one clamp
is configured to be disposed around the graft’s tubular body
and has a first configuration that allows insertion of the
valve’s introducer sheath into the distal end of the graft’s
tubular body and a second configuration that allows clamp-
ing of the graft against the valve’s introducer sheath, when
inserted in the graft’s tubular body.
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VASCULAR ACCESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 15/517,937, filed Apr. 7, 2017,
which is a national phase entry under 35 U.S.C. § 371 of
International Application No. PCT/EP2015/072792, filed
Oct. 2, 2015, published as WO 2016/055368 Al, which
claims priority to FEuropean Patent Application No.
14187972.6, filed Oct. 7, 2014, the entire disclosures of
which are hereby incorporated herein by reference. Interna-
tional Application No. PCT/EP2015/072792 published
under PCT Article 21(2) in English.

BACKGROUND

[0002] Long term vascular access is a common medical
procedure used in several medical situations including dialy-
sis for patients requiring frequent dialysis treatments, che-
motherapy treatment or ventricular assist device use. Dif-
ferent devices and different methods are used depending on
patient needs. Long term vascular access in patients needing
ventricular assist devices is common through an open chest
procedure and direct cardiovascular access.

[0003] Lately there has been a move toward the use of
peripheral vessels to access the cardiovascular system in
order to avoid traumatic open chest surgery. The move
toward the use of peripheral vessels instead of central
cardiovascular vessels has been accompanied by the devel-
opment of a large number of specific devices and tools that
are specifically designed for peripheral use. Vascular intro-
ducers are the most common devices that have been devel-
oped to allow peripheral vascular access. For providing
access to a vessel, an introducer usually has a tapered tip and
is directly pierced into a vessel, in particular with the help
of a dilator. These introducers have been limited to small
diameters ranging from 1 to 3 mm and used for a maximum
of several hours. Introducers that are used for more than 24
hours face the problem of blood reaction to foreign material
residing in the blood stream for long duration.

[0004] When it comes to the field of long-term larger
diameter vascular access, many of the devices and tools used
for accessing large diameter vessels of the cardiovascular
system in open heart surgery are the same as are used in
peripheral vascular access. The use of inappropriate devices,
tools and procedures in peripheral vascular access has
compromised the potential of peripheral vascular access and
resulted in less-than-optimal results.

[0005] Dacron grafts are commonly used in long term
vascular access. The same Dacron grafts are commonly used
in peripheral access that require large diameter access and
are intended to be left in the patient for longer than a few
days. These grafts are basically sutured to the vessel at one
end, the other end being closed using different methods to
guarantee hemostasis. Once blood enters the graft, the
porous Dacron mesh is penetrated and clogged by the blood.
It is common to use a regular medical silicone plug that is
secured with common medical suture to assure hemostasis.
However, grafts made from other materials, such as silicone,
may also be used. Device introduction into these grafts
requires physicians to innovate and experiment with differ-
ent techniques and tools, leading to unpredictable results and
high complication rates. Considering that these procedures
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involve one of the main vascular vessels, bleeding is the
main concern. Therefore, hemostasis is a critical aspect of
these procedures. Any failure in hemostasis at any time,
during or after device insertion, could lead to significant
blood loss or even patient death.

SUMMARY OF THE INVENTION

[0006] Itis an objective of the present invention to provide
devices for achieving access to large vessels or cavities,
wherein the access allows the introduction and/or removal of
large diameter devices, tissue or fluid through the access in
a safe and controlled manner and by a simple procedure.
[0007] It is another objective of the present invention to
provide a vascular graft that is easily secured to a vessel or
cavity, provides hemostasis and allows the introduction or
removal of large devices or material.

[0008] It is another objective of the present invention to
provide a vascular graft equipped at its distal end with a
hemostatic valve that allows the introduction or removal of
large devices or material.

[0009] It is another objective of the present invention to
provide a separate hemostatic valve that is designed to be
integrated into a graft to provide quick and effective hemo-
stasis during and after a medical procedure requiring access
to a vessel or a cavity in the body.

[0010] It is another objective of the present invention to
provide a device that interfaces with a vascular graft to
provide hemostasis during device or material introduction
into or removal from the body and to leave in the graft a plug
that will provide long term hemostasis and a bacterial barrier
during and after the completion of the medical procedure.
[0011] It is another objective of the present invention to
provide a device that interfaces with an implanted vascular
graft that will provide hemostasis and means to easily handle
and secure the graft during device or material introduction
into or removal from the body and after the completion of
the medical procedure.

[0012] It is another objective of the present invention to
provide methods for using a commonly available or special-
ized vascular introducer to easily interface with standard
vascular grafts to provide hemostasis and a bacterial barrier
during or after a medical procedure involving the use of
vascular or medical grafts.

[0013] It is another objective of the present invention to
provide devices that allow the quick and safe introduction or
removal of devices or material into or out of a vessel or body
cavity that range in diameter from 1 mm to 12 mm.
[0014] It is another objective of the present invention to
provide a successive introducer sheath equipped with sepa-
rate hemostasis valves of the same size or range in sizes,
which may be used in succession and/or in combination with
the integrated hemostasis valve integrated into the graft.
[0015] It is another objective of the present invention to
provide a successive introducer sheath equipped with sepa-
rate hemostasis valves of the same size or range in sizes,
which may be used in succession and/or in combination with
the separate hemostasis valve integrated into the graft.
[0016] It is another objective of the present invention to
provide a “quick connect” connector adapted to connect
quickly to the graft and/or the hemostatic valve.

[0017] It is another objective of the present invention to
provide a “quick connect” connector adapted to connect
quickly to the graft and to any catheter or device passing
through the graft.
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[0018] It is another objective of the present invention to
provide a clamp that clamps the hemostasis valve to the graft
and any device passing through the graft.

[0019] It is another objective of the present invention to
provide a detachable hemostasis valve to allow the proper
sizing of the graft length.

[0020] The invention is described in the accompanying
independent claims, wherein preferred embodiments are
specified in the dependent claims.

[0021] According to one embodiment of the invention, a
system for providing vascular access in a patient’s body is
provided. The system comprises a vascular graft comprising
a tubular body having a proximal end and a distal end, the
proximal end being configured to be attached to a vessel in
a patient’s body. The system further comprises at least one
valve configured to be attached to the distal end of the graft’s
tubular body, the valve comprising a housing, the housing
including a flexible membrane having at least one of a
passage extending through the membrane and a weakened
area to allow a medical device to be inserted through the
membrane into said vascular graft. The valve further com-
prises an introducer sheath that is configured to be inserted
into the distal end of the graft’s tubular body.

[0022] It is to be understood that the term “proximal”
refers to directions towards the heart, while the term “distal”
refers to directions away from the heart. The valve will
hereinafter also be referred to as “hemostatic valve”, empha-
sizing its function to provide hemostasis, in other words to
seal the distal end of the vascular graft to prevent blood from
flowing through the valve during insertion of a medical
device, such as a catheter. The present invention provides a
hemostatic valve having an introducer sheath that is par-
ticularly adapted for insertion into a vascular graft. In other
words, in contrast to common introducers, the introducer
sheath of the hemostatic valve according to the present
invention is not configured for direct insertion into a vessel
but is introduced into a vascular graft. The valve that is
introduced into the distal end of the vascular graft provides
more efficient hemostasis than common techniques like
simply clamping the graft or tightening the graft by means
of a suture. The membrane may be constructed as a flexible
disk or in other configuration providing the function of a
check valve, such as a flutter valve.

[0023] The system preferably further comprises at least
one clamp configured to be disposed around the graft’s
tubular body and having a first configuration that allows
insertion of the valve’s introducer sheath into the distal end
of the graft’s tubular body and a second configuration that
allows clamping of the graft against the valve’s introducer
sheath, when inserted in the graft’s tubular body. The clamp
provides an easy way to secure the valve in the vascular graft
and may also be used for compressing the membrane of the
valve.

[0024] According to another embodiment of the invention
a valve is provided, which is configured for use in such
system. The valve comprises a housing including a flexible
membrane having at least one of a passage extending
through the membrane and a weakened area to allow a
medical device to be inserted through the membrane. The
valve further comprises an introducer sheath configured to
be inserted into an open end of a mating device, the mating
device preferably being a vascular graft. The valve may also
be integrally formed with a vascular graft. As described
above, the introducer sheath is preferably particularly
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adapted for insertion into a vascular graft. It is not config-
ured for direct insertion into a vessel.

[0025] Preferably an outer surface of the introducer sheath
includes at least one retention structure so as to restrain
removal of the valve from said mating device into which it
is inserted. The retention structure may be formed as a
ramped surface, preferably comprising at least one barb that
tapers away from the outer surface of the introducer sheath
in a direction towards the housing. The surface including a
retention structure is particularly useful when using the
valve with a vascular graft to improve fixation of the valve
in the vascular graft. In case the retention structure com-
prises one or more barbs, the barbs preferably are disposed
on the outer surface of the introducer sheath such that a
clamp may be positioned distally of the barbs when clamp-
ing the valve to a vascular graft. In contrast, common
introducers for direct insertion into a vessel have a smooth
surface without a retention structure, which would harm the
vessel.

[0026] It is preferred that, in addition to the membrane, at
least a portion of the housing is made of a flexible material,
wherein preferably the flexible material is an elastic mate-
rial. The flexible material may be soft rubber or other soft
plastics material, such as silicone, polyurethane or polyvinyl
chloride. The introducer sheath may be stiffer with respect to
radial compression forces than a portion of the housing
where the membrane is positioned. This allows compressing
and sealing of the membrane against an inserted medical
device by compressing a clamp around the housing of the
valve in the area where the membrane is located. The
introducer sheath and possibly the distal end of the valve’s
housing are stiffer to provide stability of the valve.

[0027] Preferably, the housing is cylindrical. Providing a
cylindrical instead of e.g., a conical shape creates a low-
profile valve that may be implanted into a patient’s body for
long term use, e.g., several months. The cylindrical low-
profile valve allows a clamp to be placed around the valve
to tighten the membrane against an inserted medical device,
such as a catheter, to prevent blood flow and to secure the
device and prevent it from moving longitudinally. An inner
diameter of the introducer sheath preferably does not
decrease at the introducer sheath’s proximal end and may be
constant along the entire length of the introducer sheath. For
instance, the diameter may range from 5 to 10 mm. In
contrast, common introducers taper down at the tip to
facilitate insertion into a vessel by means of a dilator.

[0028] In apreferred embodiment, the at least one passage
extends at least along a portion of the diameter of the
membrane, preferably along the entire diameter. The at least
one passage in the membrane may comprise at least two slits
extending diametrically through the membrane and crossing
each other. In addition, or alternatively, the membrane may
have a hole extending through the membrane, preferably a
central hole that may be connected to the slits. The diameter
of the hole may be adapted to the diameter of the medical
device to be inserted, such as a catheter. In order to facilitate
insertion of larger parts, e.g., a catheter pump at the tip of a
catheter, slits may be provided to temporarily increase the
opening in the membrane during insertion. However, the
slits may be omitted, for instance when the hemostatic valve
is already pre-mounted on a catheter and is intended to be
implanted for a long time. In this case, the slits are not
necessary and could present a risk of blood leakage.
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[0029] The valve may include at least one seam, prefer-
ably two diametrically opposing seams, extending along the
length of the valve and forming a predetermined breaking
line to allow breaking of the valve into two halves along the
length of the valve. This allows easy removal (“peel away™)
of the valve when a medical device, such as a catheter, is
inserted through the valve.

[0030] In order to facilitate handling of the valve, the
housing may have at least one handle, preferably two
diametrically opposed handles, extending radially outwards
from the housing. The handles may also be used in breaking
the valve into two halves. The seams may either extend
through the handles or may be offset from the handles. In
case the handles can also be separated into two halves,
removal of the valve requires less space during handling.
[0031] According to another embodiment of the invention,
a clamp is provided that is configured to be disposed around
a vascular graft and has a first configuration that allows
insertion of a valve’s introducer sheath into the vascular
graft and a second configuration that allows clamping of the
vascular graft against the valve’s introducer sheath, when
inserted in the vascular graft. The clamp comprises at least
one annular body having a first circumferential end and a
second circumferential end, the first and second circumfer-
ential ends overlapping so as to permit variation of the inner
diameter of the annular body between the first and second
configurations.

[0032] Preferably, the first and second circumferential
ends of the annular body have mating tooth structures
together forming a ratchet mechanism. In order to actuate
the clamp between the first and second configurations, the
clamp may have a first handle and a second handle, the first
handle extending radially outwards from the annular body
near the first circumferential end and the second handle
extending radially outwards from the annular body near the
second circumferential end, wherein movement of the first
and second handles towards each other causes a decrease of
the inner diameter of the annular body. The clamp may
further comprise a third handle extending radially outwards
from the annular body adjacent the first circumferential end
and being spaced from the first handle, wherein movement
of the first and third handles towards each other causes the
first circumferential end to flex radially outwards, thereby
allowing release of the ratchet mechanism.

[0033] In order to facilitate removal of the clamp, the
annular body may include a longitudinal notch forming a
predetermined breaking line to allow breaking of the clamp
along a longitudinal direction intermediate the first and
second circumferential ends. In particular, this facilitates
removal of the clamp in case a medical device, such as a
catheter, is inserted through the vascular graft. Preferably,
the notch is disposed in the annular body opposite the ratchet
mechanism.

[0034] The clamp may comprise at least two of said
annular bodies joined together magnetically, mechanically,
physically or chemically to form a single integral body. This
is particularly useful when a stack of successive valves is
used as described in detail hereinafter. A circumferential
notch may be circumferentially disposed between the at least
two annular bodies to form a predetermined breaking line,
thereby allowing separation of the annular bodies.

[0035] According to another embodiment of the invention,
a kit for use with a vascular graft is provided. The kit
comprises at least one valve comprising a housing, the
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housing including a flexible membrane having at least one of
a passage extending through the membrane and a weakened
area to allow a medical device to be inserted through the
membrane. The valve further comprises an introducer sheath
configured to be inserted into an open end of a tubular body
of a vascular graft. The kit further comprises at least one
clamp configured to be disposed around the graft’s tubular
body and having a first configuration that allows insertion of
the valve’s introducer sheath into the open end of the graft’s
tubular body and a second configuration that allows clamp-
ing of the graft against the valve’s introducer sheath when
inserted in the graft’s tubular body. Preferably, the at least
one valve and/or the at least one clamp are constructed as
described above.

[0036] According to another embodiment of the invention
a system is provided that comprises at least two of the
aforementioned valves, wherein the introducer sheath of one
of the at least two valves is connectable to the respective
other one of the at least two valves, preferably connectable
to a distal end of the respective other one of the at least two
valves so as to be attachable in series at the distal end of the
vascular graft. Preferably, the introducer sheath of said one
of'the at least two valves is configured to be inserted into the
housing of said other one of the at least two valves. The
system may also comprise a vascular graft. A stack of
successive valves further improves hemostasis by providing
a double or multiple safety feature against blood leakage.
[0037] Ina preferred embodiment, each of the at least two
valves has a membrane with a central hole, wherein the
diameter of the central hole and/or the size of the at least one
passage increases from one valve to a respective subsequent
valve in a direction towards the graft. The different sizes
may be adapted to different medical devices to be inserted,
such as a guide wire (K-wire) and a catheter.

[0038] A system may be provided wherein the introducer
sheath of at least one of the at least two valves has a length
that is at least ten times the diameter of said introducer
sheath. Such elongate introducer sheath is particularly useful
in case a medical device, such as a catheter pump, is to be
received in the introducer sheath, e.g., pre-mounted.
[0039] The system comprising at least two valves may
further comprise at least two clamps constructed as
described in the aforementioned, wherein at least one of the
clamps is configured to be disposed around the housing of
one of the valves. The at least one clamp may be used to
close a valve by radially compressing its membrane. The at
least two clamps may be joined together by magnetic,
mechanic or physical forces. One extra clamp may be
needed to clamp the system to the graft, or one clamp of the
two clamps is designed to clamp around the graft and around
at least one of the valves simultaneously or in a separate
fashion.

[0040] In a preferred embodiment, the medical device is a
catheter. The medical device may comprise an axial blood
pump arranged at the tip of the catheter to provide a
ventricular assist device.

[0041] According to still another embodiment of the
invention a system for providing vascular access in a
patient’s body is provided. The system comprises a vascular
graft comprising a tubular body having a proximal end and
a distal end, the proximal end being configured to be
attached to a vessel in a patient’s body. The system further
comprises at least one clamp configured to be disposed
around the tubular body of the graft and having a first
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configuration that allows insertion of a valve’s introducer
sheath into the distal end of the graft’s tubular body and a
second configuration that allows clamping of the graft
against the valve’s introducer sheath when inserted in the
graft’s tubular body. The at least one clamp may be con-
structed as described in the aforementioned. The system may
further comprise at least one valve that may be constructed
as described in the aforementioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The foregoing summary, as well as the following
detailed description of preferred embodiments, are better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the present disclo-
sure, reference is made to the drawings. The scope of the
disclosure is not limited, however, to the specific embodi-
ments disclosed in the drawings. In the drawings:

[0043] FIG. 1 shows a general view of disclosed graft
system.

[0044] FIG. 2 shows a prior art vascular graft anastomosed
to a vessel.

[0045] FIG. 3 shows details of a hemostasis valve.
[0046] FIG. 4 shows a section view of the hemostasis

valve along a seam.

[0047] FIG. 5 shows details of a clamp.

[0048] FIG. 6 shows details of a dual clamp.

[0049] FIG. 7 shows details of a multiple clamp.

[0050] FIG. 8 shows details of a low-profile hemostasis
valve.

[0051] FIG. 9 shows multiple hemostasis valves attached

to a graft shown in a section view.

[0052] FIG. 10 shows a graft system with multiple hemo-
stasis valves in an exploded view.

[0053] FIG. 11 shows a graft system with multiple hemo-
stasis valves in an assembled view.

[0054] FIG. 12 shows the dual clamp and low-profile
hemostasis valve mounted on a catheter.

[0055] FIG. 13 shows the dual clamp, low profile hemo-
stasis valve, catheter and graft in an assembled view.
[0056] FIG. 14 shows the dual clamp, low profile hemo-
stasis valve, catheter and graft in an assembled view and
anastomosed to a vessel.

[0057] FIG. 15 shows a long introducer sleeve in use with
a long device in an exploded view.

[0058] FIG. 16 shows a long introducer sleeve in use with
a long device in a section view.

[0059] FIG. 17 shows a long introducer sleeve in use with
a long device in an assembled cross section view.

[0060] FIG. 18 shows a low-profile hemostasis valve
having a membrane without slits.

[0061] FIG. 19 shows the low-profile hemostasis valve
pre-mounted on a catheter.

[0062] FIG. 20 shows a branched hemostasis valve.
[0063] FIG. 21 shows an application of the system of the
invention.

[0064] FIG. 22 shows another application of the system of

the invention.

DETAILED DESCRIPTION

[0065] Referring to FIG. 1, a graft system 10 in accor-
dance with the present invention is shown. The graft system
10 comprises a graft 110 having a proximal end 110A and a
distal end 110B, a clamp 210 and a hemostasis valve 310.
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The graft 110 is typically a porous soft medical fabric as
described in U.S. Pat. No. 3,953,566 and is intended for use
as a conduit in contact with blood and biological tissue. The
graft 110 is a commonly used medical product available in
many different shapes, sizes and materials. The graft 110 is
typically sutured to a vessel as shown in FIG. 2 wherein the
graft 110 is secured to vessel 112 using surgical sutures 111.
Sutures 111 are common medical products available in many
different shapes, sizes and materials.

[0066] Typically, a graft 110 is used in a medical proce-
dure that needs to gain access to a vessel in order to
introduce and/or remove a medical product and/or devices,
or to allow blood or bodily fluid to be circulated through the
graft 110 to other parts of the vasculature or to the outside.
In the case that the graft 110 is used to introduce a medical
device 114, the graft’s proximal end 110B is typically
occluded using a medical thread 115 wrapped around the
graft 110 and knotted as shown in FIG. 2. However, securing
a medical device 114 using a medical thread 115 is not very
reproducible and leads to blood loss during the time it is
implemented.

[0067] Referring back to FIG. 1, the graft system 10 shows
the use of the hemostasis valve 310 and the clamp 210 to
allow the introduction of a medical device without the risk
of blood loss. The clamp 210 basically eliminates the need
to use a medical thread 115 and eliminates the subjectivity
of the procedure, leading to immediate hemostasis and a
more reproducible outcome.

[0068] Referring to FIG. 3, an embodiment of the hemo-
stasis valve 310 in accordance with the present invention is
shown. The hemostasis valve 310 comprises a slit membrane
314, an introducer sheath 315 and a housing 311. The
housing 311 comprises two distinct halves 311A, 311B
joined by two seams 312 A, 312B that travel the entire length
of the hemostasis valve 310. The seams 312A, 312B are
intended to thin the wall of the hemostasis valve 310 to
provide a preferential breaking line in the event that the
hemostasis valve 310 is split in two halves resulting in two
separate halves 311A, 312B. Handles 313 are intended to
assist the user in handling the hemostasis valve 310 as well
as providing a handle to assist in separating the hemostasis
valve 310 into two separate halves. In this embodiment,
seams 312A, 312B travel the middle of the handles 313 in
order to facilitate breaking the handles 313 into two halves.

[0069] The slit membrane 314 is typically a soft rubber
disk that comprises membrane slits 316 and a center hole
317 to ease the introduction or removal of any device
through the hemostasis valve 310. Some or all of the slits
316 and the center hole 317 extend through the entire
thickness of the slit membrane 314 or partially through the
slit membrane 314 for a portion or the entire length of the
slits 316 to ease any device introduction through the slit
membrane 314 or to allow easy separation of the slit
membrane 314 into separate pieces. A minimum of one slit
or a multitude of slits may be included depending on the
intended use of the valve. Similarly, the length of the slits
316 may vary according to the intended use. For example, a
hemostasis valve intended to be used in association with a
large diameter device would typically have longer mem-
brane slits 316 as well as a larger diameter center hole 317.

[0070] The introducer sheath 315 is typically a thin-walled
tubular component that is inserted into the graft 110 and
secured in place with the clamp 210.
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[0071] FIG. 4 shows a section view of the hemostasis
valve 310, wherein the introducer sheath 315, the hemostasis
valve half 311A and the slit membrane 314 have been
separated from their mating halves.

[0072] Referring to FIG. 5, the clamp 210 comprises an
annular body with first and second overlapping circumfer-
ential ends 216, 218 and a toothed structure 211, in particular
a ratchet mechanism, to allow maintaining of a clamped
position of an inner surface 212 on any circular structure
positioned inside the clamp 210 and in contact with the inner
surface 212. A compressing handle 213 and a release handle
214 will decrease the diameter of the inner surface 212 and
move the toothed structure 211 in a direction that will cause
the toothed structure 211 to lock and maintain a tighter
compression on any circular structure passing through the
clamp 210. Conversely, compressing an unlock handle 215
and the release handle 214 will cause disengagement of the
toothed structure 211 and release any compression force on
any circular structure in contact with the inner surface 212.
Preferably, the first circumferential end comprises a release
band 216, situated between the unlock handle 215 and the
release handle 214, which is made from a soft pliable
material to facilitate engagement and disengagement of the
toothed structure 212. In addition, a softer release band 216
will allow a softer grip on any circular structure positioned
inside the clamp 210. A notch 217 is provided as a longi-
tudinal thinning of the wall of the clamp 210. The notch 217
creates a weak area preferably along the entire length of the
clamp 210 to allow breaking of the clamp 210 into two
separate pieces and easy removal of the clamp 210 in case
it is not needed any further. In case the clamp 210 is not
intended to be removed from use, the notch 217 may be
eliminated from the clamp 210.

[0073] Referring to FIG. 6, another embodiment in accor-
dance with the present invention shows a dual clamp 410,
wherein the dual clamp 410 comprises a dual clamping
mechanism, a proximal clamp 411 and a distal clamp 412,
which can act separately or as a single clamp. The proximal
clamp 411 and the distal clamp 412 may be constructed as
a single component or may be constructed as separate
components that are joined together by a user. The dual
clamp 410 may comprise multiple individual clamps, pref-
erably two to six clamps in total. The multitude of clamps
may be constructed as a single component or as individual
clamps that are joined together by a user. The mechanism to
join multiple individual clamps (not shown) may be of a
magnetic, mechanical, chemical or physical (e.g., adhesive)
nature that leads to securing of the multiple clamps to each
other. The proximal clamp 411 and the distal clamp 412 may
have similar or different features (such as different inner
clamp diameter, different maximal clamping force, different
material to allow soft or solid clamping on devices passing
through the inner diameter) and a similar or different struc-
ture compared to the clamp 210 in order to allow versatile
use of different devices while maintaining hemostasis. A
radial notch 415 is provided to weaken the joining portion of
the proximal clamp 411 and the distal clamp 412 in order to
allow the proximal clamp 411 and the distal clamp 412 to be
broken apart when desired. A longitudinal notch 413 is
provided to weaken the distal clamp 412 to allow breaking
of the distal clamp 412 along a longitudinal direction and
allow the removal of the distal clamp 412. The proximal
clamp 411 may have a similar notch (not shown) for the
same purpose.
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[0074] Referring to FIG. 7, another embodiment of the
clamping mechanism in accordance with the present inven-
tion is shown wherein multiple clamp 510 comprises a triple
clamping mechanism proximal clamp 511, a triple clamping
mechanism distal middle clamp 513 and a triple clamping
mechanism distal clamp 512 that can act separately or as a
single clamp. The triple clamping mechanism proximal
clamp 511, the triple clamping mechanism distal middle
clamp 513 and the triple clamping mechanism distal clamp
512 may be constructed as a single component or may be
constructed as separate components that are joined together
by a user. The multiple clamp 510 may comprise multiple
individual clamps, preferably two to six clamps in total. The
multitude of clamps may be constructed as a single com-
ponent or as individual clamps that are joined together by a
user. The mechanism to join multiple individual clamps (not
shown) may be of a magnetic, mechanical, chemical or
physical (e.g., adhesive) nature that leads to securing of the
multiple clamps to each other. The triple clamping mecha-
nism proximal clamp 511, the triple clamping mechanism
distal middle clamp 513 and the triple clamping mechanism
distal clamp 512 may have similar or different features (such
as different inner clamp diameter, different maximal clamp-
ing force, different material to allow soft or solid clamping
on devices passing through the inner diameter) and a similar
or different structure compared to the clamp 210 in order to
allow versatile use of different devices while maintaining
hemostasis.

[0075] Now referring to FIG. 8, another embodiment of
the hemostasis valve in accordance with the present inven-
tion is shown in cross section wherein the low-profile
hemostasis valve 610 comprises a slit membrane 611, an
introducer sheath 615 and a housing 616. The housing 616
comprises two distinct halves, where one of the halves is
shown and indicated as 614A (the other half 614B is not
shown), joined by two seams 617A, 617B that travel pref-
erably the entire length of the low-profile hemostasis valve
610. The seams 617A, 617B are intended to thin the wall of
the low-profile hemostasis valve 610 to provide a preferen-
tial breaking line in the event that the low-profile hemostasis
valve 610 needs to be split in two halves resulting in two
separate halves 614A, 614B. A portion or the entire body of
the housing 616 is preferably made of a soft polymer that
allows clamping of the slit membrane 611 when clamped
with a clamp, such as clamp 210. The slit membrane 611 is
typically a soft rubber disk that comprises membrane slits
612 and a center hole 613 to ease the introduction or removal
of any solid device through the low-profile hemostasis valve
610. A minimum of one slit or a multitude of slits may be
included depending on the intended use of the valve. Simi-
larly, the length of the slits 612 may vary according to the
intended use. For example, a hemostasis valve intended to
be used in association with a large diameter device would
typically have longer membrane slits 612 as well as a larger
diameter center hole 613. One or several slits of the slits 612
may extend along the entire diameter of the slit membrane
611 to facilitate separating the membrane into several parts
and allow its removal from any device or catheter passing
through the center hole 613.

[0076] Now referring to FIGS. 9, 10 and 11, another
embodiment of graft system 710 with multiple hemostasis
valves in accordance with the present invention is shown in
a section view in FIG. 9, an exploded view in FIG. 10 and
an assembled view in FIG. 11. The graft system 710 with
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multiple hemostasis valves comprises a graft 110, a proxi-
mal hemostasis valve 711, a distal hemostasis valve 712, a
proximal clamp 713 and a distal clamp 714. The proximal
hemostasis valve 711 is similar, to some extent, to the
low-profile hemostasis valve 610 in feature and function and
comprises a proximal hemostasis valve slit membrane 715,
a proximal hemostasis valve introducer sheath 716 and a
proximal hemostasis valve housing 717. The proximal
hemostasis valve housing 717 comprises two distinct halves
(whereas one of the halves is shown and indicated as 718A,
the other half 718B is not shown in FIG. 9), joined by a
proximal hemostasis valve seam 719A and a proximal
hemostasis valve seam 719B that travel preferably the entire
length of the proximal hemostasis valve 711. The proximal
hemostasis valve seams 719A, 7198 are intended to thin the
wall of the proximal hemostasis valve 711 to provide a
preferential breaking line in the event that the proximal
hemostasis valve 711 is split in two halves resulting in two
separate halves 719A, 719B. A portion or the entire body of
the proximal hemostasis valve housing 717 is preferably
made of a soft polymer that allows clamping of the proximal
hemostasis valve slit membrane 715 when clamped with a
clamp, such as proximal clamp 713. The proximal hemos-
tasis valve slit membrane 715 is typically a soft rubber disk
that comprises proximal hemostasis valve membrane slits
719 and a proximal hemostasis valve center hole 720 to ease
the introduction or removal of any solid device through the
proximal hemostasis valve 711. A minimum of one slit or a
multitude of slits may be included depending on the
intended use of the valve. Similarly, the length of the
proximal hemostasis valve slits 719 may vary according to
the intended use. For example, a hemostasis valve intended
to be used in association with a large diameter device would
typically have longer proximal hemostasis valve membrane
slits 719 as well as a larger diameter proximal hemostasis
valve center hole 720. A barb 740 is provided as a raised
surface located on the proximal hemostasis valve introducer
sheath 716 to engage the inner surface of the graft 110 and
assure a firm grip when the graft 110 is captured between the
barb 740 and the proximal clamp 710. The barb 740 may
cover a portion or the full circumference of the proximal
hemostasis valve introducer sheath 716. The barb 740 may
be a single raised surface or multiple raised surfaces radially
aligned with or offset from each other to provide greater grip
force on the graft 110. The barb 740 may allow the user to
tie the proximal hemostasis valve introducer sheath 716 to
the graft 110 using sutures, umbilical tape, medical tape or
other means. Tying the proximal hemostasis valve intro-
ducer sheath 716 to the graft 110 provides a stabilized
connection less likely to disconnect or shift during insertion
or removal of a device.

[0077] The distal hemostasis valve 712 is similar to the
low-profile hemostasis valve 610 in feature and function and
comprises a distal hemostasis valve slit membrane 721, a
distal hemostasis valve introducer sheath 722 and a distal
hemostasis valve housing 723. The distal hemostasis valve
housing 723 comprises two distinct halves (whereas one of
the halves is shown and indicated as 724 A, the other half
724B is not shown in FIG. 9), joined by a distal hemostasis
valve seam 725A and a distal hemostasis valve seam 725B
that travel preferably the entire length of the distal hemos-
tasis valve 712. The distal hemostasis valve seams 725A,
725B are intended to thin the wall of distal hemostasis valve
712 to provide a preferential breaking line in the event that
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the distal hemostasis valve 711 is split in two halves result-
ing in two separate halves 725A, 725B. A portion or the
entire body of the distal hemostasis valve housing 723 is
preferably made of a soft polymer that allows clamping of
the distal hemostasis valve slit membrane 721 when
clamped with a clamp, such as distal clamp 713. The distal
hemostasis valve slit membrane 721 is typically a soft
rubber disk that comprises distal hemostasis valve mem-
brane slits 725 and a distal hemostasis valve center hole 726
to ease the introduction or removal of any solid device
through the distal hemostasis valve 711. A minimum of one
slit or a multitude of slits may be included depending on the
intended use of the valve. Similarly, the length of the distal
hemostasis valve slits 725 may vary according to the
intended use. For example, a hemostasis valve intended to
be used in association with a large diameter device would
typically have longer distal hemostasis valve membrane slits
725 as well as a larger diameter distal hemostasis valve
center hole 720.

[0078] Now referring to FIG. 10 and FIG. 11, another
embodiment of a graft system with multiple hemostasis
valves in accordance with the present invention comprises a
proximal hemostasis valve 711, a distal hemostasis valve
712 and an intermediate hemostasis valve 750. The inter-
mediate hemostasis valve 750 is similar, to some extent, to
the low-profile hemostasis valve 610 in feature and function
and comprises an intermediate hemostasis valve slit mem-
brane 729, an intermediate hemostasis valve introducer
sheath 730 and an intermediate hemostasis valve housing
731. The intermediate hemostasis valve housing 731 com-
prises two distinct halves joined by an intermediate hemo-
stasis valve seam 732A and an intermediate hemostasis
valve seam 732B (not shown in FIG. 10 and FIG. 11) that
travel preferably the entire length of the intermediate hemo-
stasis valve 750. The intermediate hemostasis valve seams
732A, 732B are intended to thin the wall of intermediate
hemostasis valve 750 to provide a preferential breaking line
in the event that the intermediate hemostasis valve 750 is
split in two halves resulting in two separate halves 732A,
732B. A portion or the entire body of the intermediate
hemostasis valve housing 731 is preferably made of a soft
polymer that allows clamping of the intermediate hemostasis
valve slit membrane 729 when clamped with a clamp, such
as proximal clamp 713. The intermediate hemostasis valve
slit membrane 729 is typically a soft rubber disk and
comprises intermediate hemostasis valve membrane slits
732 and an intermediate hemostasis valve center hole 734 to
ease the introduction or removal of any solid device through
the intermediate hemostasis valve 750. A minimum of one
slit or a multitude of slits may be included depending on the
intended use of the valve. Similarly, the length of the
intermediate hemostasis valve slits 732 may vary according
to the intended use. For example, a hemostasis valve
intended to be used in association with a large diameter
device would typically have longer intermediate hemostasis
valve membrane slits 732 as well as a larger diameter
intermediate hemostasis valve center hole 734. It is to be
understood that the slits 719, 732, 725 may have the same
length, in particular a maximum length, in order to allow a
medical device having a certain diameter to pass through all
of the membranes 715, 729, 721, while providing a blood
tight connection all the time.

[0079] Now referring to FIG. 12, in accordance with the
present invention the dual clamp 410 and the low-profile
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hemostasis valve 610 are shown mounted on a catheter 810.
The catheter 810 is a general medical catheter intended to be
inserted into a vessel or into a cavity of the human body. A
functional catheter tip 811 is the functional portion of the
catheter that performs a specific function inside the human
body and is advanced into the human body by means of a
catheter shaft 812 that is advanced inside the human body or
a vessel. The catheter 810 is advanced through the low-
profile hemostasis valve 610 while the dual clamp 410 is
released and not exerting any radial force on the low-profile
hemostasis valve 610. The functional tip 811 may be larger
or smaller in diameter than the shaft 812, and the dual clamp
410 may be mounted on the catheter 810 from its distal end
or may be pre-mounted on the catheter 810 during manu-
facture of the catheter 810.

[0080] Now referring to FIG. 13 and FIG. 14, the dual
clamp 410, the low-profile hemostasis valve 610 and the
catheter 810 may be joined to the graft 110 by inserting the
catheter 810 and the introducer sheath 615 into the graft 110,
and secured in place by clamping the proximal clamp 411 to
firmly secure the graft 110 to the proximal clamp 411 and
create a hemostasis seal between the graft 110 and the
introducer sheath 615. The catheter 810 may be moved
forward into the graft 110 by sliding the catheter shaft 812
through the low-profile hemostasis valve 610. Clamping the
distal clamp 412 will secure the catheter 810 in place and
form a hemostasis seal around the catheter shaft 812. In turn,
the graft 110 may be anastomosed to a body cavity or vessel
112 (as shown in FIG. 14) by means of surgical sutures 111
or any other anastomotic devices used in medical procedures
meant to anastomose a graft to a body cavity or vessel.

[0081] Now referring to FIG. 15, FIG. 16 and FIG. 17,
another embodiment of a graft system 910 with a long
introducer in accordance with the present invention is shown
in an exploded view in FIG. 15, a section view in FIG. 16
and an assembled section view in FIG. 17. The graft system
910 with a long introducer comprises a graft 110, a proximal
hemostasis valve 711, a distal hemostasis valve 911 with a
long introducer sheath, two proximal clamps 713 and a distal
clamp 714. The proximal hemostasis valve 711 is similar, to
some extent, to the low-profile hemostasis valve 610 in
feature and function and comprises a proximal hemostasis
valve slit membrane 715, a proximal hemostasis valve
introducer sheath 716 and a proximal hemostasis valve
housing 717. The proximal hemostasis valve housing 717
comprises two distinct halves (whereas one of the halves is
shown and indicated as 718A, the other half 718B is not
shown in FIG. 16), joined by a proximal hemostasis valve
seam 719A and a proximal hemostasis valve seam 719B that
travel preferably the entire length of the proximal hemos-
tasis valve 711. The proximal hemostasis valve seams 719A,
719B are intended to thin the wall of the proximal hemos-
tasis valve 711 to provide a preferential breaking line in the
event that the proximal hemostasis valve 711 is split in two
halves resulting in two separate halves 719A, 719B. A
portion or the entire body of the proximal hemostasis valve
housing 717 is preferably made of a soft polymer that allows
clamping of proximal hemostasis valve slit membrane 715
when clamped with a clamp, such as proximal clamp 713.
The proximal hemostasis valve slit membrane 715 is typi-
cally a soft rubber disk that comprises proximal hemostasis
valve membrane slits 719 and a proximal hemostasis valve
center hole 720 to ease the introduction or removal of any
solid device through the proximal hemostasis valve 711. A
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minimum of one slit or a multitude of slits may be included
depending on the intended use of the valve. Similarly, the
length of the proximal hemostasis valve slits 719 may vary
according to the intended use. For example, a hemostasis
valve intended to be used in association with a large diam-
eter device would typically have longer proximal hemostasis
valve membrane slits 719 as well as a larger diameter
proximal hemostasis valve center hole 720.

[0082] A barb 740 is provided as a raised surface located
on the proximal hemostasis valve introducer sheath 716 to
engage the inner surface of the graft 110 and assure a firm
grip when the graft 110 is captured between the barb 740 and
the proximal clamp 713. The barb 740 may cover a portion
or the full circumference of the proximal hemostasis valve
introducer sheath 716. The barb 740 may be a single raised
surface or multiple raised surfaces radially aligned with or
offset from each other to provide greater grip force on the
graft 110. The barb 740 may allow a user to tie the graft 110
to the proximal hemostasis valve introducer sheath 716 with
sutures, umbilical tape, medical tape or other means. Such a
connection between the graft 110 and the proximal hemos-
tasis valve introducer sheath 716 can increase the stability of
the access point for insertion and removal of a device.

[0083] The distal hemostasis valve 911 with a long intro-
ducer sheath is similar to the low-profile hemostasis valve
610 in feature and function, except for the distal hemostasis
valve 911 having a long introducer sheath sleeve 922. The
distal hemostasis valve 911 comprises a distal hemostasis
valve slit membrane 921, a distal hemostasis valve sleeve
922 and a distal hemostasis valve housing 923. The distal
hemostasis valve housing 923 comprises two distinct halves
(whereas one of the halves is shown and indicated as 924 A,
the other half 924B is not shown in FIGS. 16 and 17), joined
by a distal hemostasis valve seam 925A and a distal hemo-
stasis valve seam 925B that travel preferably the entire
length of the distal hemostasis valve 911. The distal hemo-
stasis valve seams 925A, 9258 are intended to thin the wall
of the distal hemostasis valve 911 to provide a preferential
breaking line in the event that the distal hemostasis valve
911 is split in two halves resulting in two separate halves
925A, 925B. A portion or the entire body of the distal
hemostasis valve housing 923 is preferably made of a soft
polymer that allows clamping of the distal hemostasis valve
slit membrane 921 when clamped with a clamp, such as
distal clamp 714. The distal hemostasis valve slit membrane
921 is typically a soft rubber disk that comprises distal
hemostasis valve membrane slits 925 and a distal hemostasis
valve center hole 926 (not shown in FIGS. 16 and 17) to ease
the introduction or removal of any solid device through the
distal hemostasis valve 911 with a long introducer sheath. A
minimum of one slit or a multitude of slits may be included
depending on the intended use of the valve. Similarly, the
length of the distal hemostasis valve sheath slits 925 may
vary according to the intended use. For example, a hemos-
tasis valve intended to be used in association with a large
diameter device would typically have longer distal hemos-
tasis valve membrane slits 925 as well as a larger diameter
distal hemostasis valve center hole 920.

[0084] A long device 930 may be a catheter intended for
insertion into the human body and comprises an enlarged tip
931 and a thin catheter 932 that is typically smaller in
diameter than the enlarged tip 931. The insertion of the long
device 930 into the graft 110 without the aid of any hemo-
stasis valve, introducer sheath, or clamps is common prac-
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tice in the medical field and results in significant blood loss
that endangers the patient’s safety. The graft system 910
with a long introducer is intended to reduce the risk asso-
ciated with introducing a medical device through the graft
110. The following is given as an example of a graft system
910 with a long introducer and is not the only way a graft
system with a long introducer may be used in the medical
field. The distal hemostasis valve sleeve 922 may be of any
length, preferably ranging from 1 cm to 200 cm, which will
allow the accommodation of the enlarged tip 931 with some
excess length left at the proximal and distal ends of the distal
hemostasis valve 911. As shown in FIG. 16 and FIG. 17, the
long device 930 is positioned inside the distal hemostasis
valve 911 with a long introducer sheath, with the thin
catheter 932 being positioned through the distal hemostasis
valve center hole 926, and the enlarged tip 931 being
completely inside the distal hemostasis valve sleeve 922. In
some implementations, the graft 110, the proximal clamp
713, and the proximal hemostasis valve sheath 716 are
provided in a kit. The kit may include a ruler having length
increments and graft angle bevel markings to help a user
prepare and cut grafts accurately. A ruler with markings
indicating lengths and angles can allow a user to tailor the
graft 100 to the patient and situation.

[0085] Following graft anastomosis to a vascular vessel or
a body cavity per standard medical procedure, the proximal
hemostasis valve 711 may be inserted inside the graft 110
and secured in place using the proximal clamp 713. Subse-
quently, the distal hemostasis valve sleeve 922 may be
inserted through the proximal hemostasis valve slit mem-
brane 715 and advanced to a desired depth inside the graft
110 as shown in FIG. 17. Up to this point no blood loss
should be encountered. Subsequently, the long device 930
may be advanced further into the graft 110 and into the
anastomosed vessel (not shown in FIGS. 15, 16, 17; only
shown for reference in FIG. 2) by pushing the thin catheter
932 into the hemostasis valve with long introducer sheath
911. When the enlarged tip 931 reaches its intended position
inside the vessel or body cavity, the distal clamp 714 may be
clamped to lock the thin catheter 932 in the desired position.

[0086] Now referring to FIGS. 18 and 19, another embodi-
ment of a hemostatic valve 610A in accordance with the
present invention is shown. The hemostasis valve 610A is
similar, to some extent, to the low-profile hemostasis valve
610 in feature and function except that the membrane 611A
does not have any slits and the hemostatic valve 610A
cannot be separated into two halves. The hemostatic valve
610A comprises a hemostasis valve membrane 611A, a
hemostasis valve introducer sheath 615A and a hemostasis
valve housing 616A. A portion or the entire body of the
hemostasis valve housing 616A is preferably made of a soft
polymer that allows clamping of the hemostasis valve mem-
brane 611 A when clamped with a clamp, such as clamp 210.
The hemostasis valve membrane 611A is typically a soft
rubber disk and comprises a hemostasis valve center hole
613 A to ease the introduction or removal of any solid device
through the intermediate hemostasis valve 610A. No slits
are included in the membrane 611A, which may improve
hemostasis and prevent blood leakage in particular in long
term applications. In case a medical device, such as a
catheter 810, is pre-mounted in the hemostatic valve 610A
(as shown in FIG. 19), no slits are needed in the membrane.
The size of the center hole 613 A may vary depending on the
intended use of the valve. For example, a hemostasis valve
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intended to be used in association with a large diameter
device would typically have a larger diameter hemostasis
valve center hole 613A.
[0087] Referring to FIG. 20, an embodiment of a branched
hemostasis valve 1110 in accordance with the present inven-
tion is shown. The hemostasis valve 1110 is similar, to some
extent, to the low-profile hemostasis valve 610 in feature and
function. However, in contrast to a stack of multiple hemo-
static valves arranged in series, as shown in FIGS. 9 to 17,
the branched hemostatic valve 1110 comprises two hemo-
static valves 1111, 1112 that are arranged parallel in a
branched or Y configuration. With regard to the features and
functions reference is made to the above description, in
particular with regard to the low-profile hemostatic valve.
The hemostatic valve 1111 comprises a housing 1116 with a
slit membrane 1117. The membrane 1117 has slits 1118 and
a central hole 1119. Accordingly, the hemostatic valve 1112
comprises a housing 1120 with a slit membrane 1121. The
membrane 1121 has slits 1122 and a central hole 1123. The
branched hemostatic valve 1110 comprises an introducer
sheath 1115 having barbs 1140 that function as described
above in connection with barbs 740. The branched hemo-
static valve 1110 allows parallel and independent insertion
and manipulation of two medical devices, such as a catheter
and a guide wire. For this purpose, the central holes 1119 and
1123 are different in size to provide a tight connection to the
respective medical device. In particular, as described in
connection with the aforementioned embodiments, the hous-
ings 1116 and 1120 may have a portion made of a soft
material to allow clamping of the membranes 1117 and 1121,
respectively, for example by means of a clamp 210.
[0088] It will be appreciated that various features of the
described hemostatic valves and clamps may be combined
and are not limited to the disclosed combinations. In par-
ticular, any of the disclosed hemostatic valves may have a
retention structure, such as one or more barbs, on the outer
surface of the introducer sheath. Further, any of the dis-
closed hemostatic valves may have seams so as to be
separable into two halves or may be made of one piece
without seams.
[0089] Referring now to FIGS. 21 and 22, applications of
a graft system 1010 are shown. The graft system 1010 may
be in accordance with any one of the above disclosed
systems. It is used to deliver an axial blood pump 1020 by
means of a catheter 1030 through a patient’s aorta into the
patient’s heart to provide a ventricular assistant device. The
vascular access may be placed in a peripheral vessel in the
patient’s thorax (FIG. 21) or in the patient’s groin (FIG. 22).
Referring to FIG. 21, the graft system 1010 may be com-
pletely implanted subcutaneously when using one or more
low profile hemostatic valves as described above.
1. A clamp for use in a system for providing vascular
access in a patient’s body, the clamp comprising:
at least one annular body having a first circumferential
end and a second circumferential end;
wherein the clamp is configured to be disposed around a
vascular graft;
wherein the clamp includes a first configuration that
allows insertion of an introducer sheath of a valve into
the vascular graft;
wherein the clamp includes a second configuration that
allows clamping of the vascular graft against the intro-
ducer sheath when the introducer sheath is inserted in
the vascular graft; and
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wherein the first and second circumferential ends are
configured to overlap so as to permit variation of an
inner diameter of the at least one annular body when the
clamp is moved between the first and second configu-
rations.

2. The clamp of claim 1, wherein the first and second
circumferential ends of the annular body have mating tooth
structures that together form a ratchet mechanism.

3. The clamp of claim 2, wherein the clamp includes a first
handle and a second handle, the first handle extending
radially outwards from the annular body near the first
circumferential end and the second handle extending radi-
ally outwards from the annular body near the second cir-
cumferential end, wherein movement of the first and second
handles towards each other causes a decrease of the inner
diameter of the annular body.

4. The clamp of claim 3, further comprising a third handle
extending radially outwards from the annular body adjacent
the first circumferential end and being spaced from the first
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handle, wherein movement of the first and third handles
towards each other causes the first circumferential end to
flex radially outwards, thereby allowing release of the
ratchet mechanism.

5. The clamp of claim 2, wherein the annular body
includes a longitudinal notch forming a predetermined
breaking line to allow breaking of the clamp along a
longitudinal direction intermediate the first and second cir-
cumferential ends.

6. The clamp of claim 5, wherein the notch is disposed in
the annular body opposite the ratchet mechanism.

7. The clamp of claim 1, wherein the clamp includes at
least two annular bodies joined together by magnetic,
mechanical or physical forces to form a single integral body.

8. The clamp of claim 7, wherein a circumferential notch
is circumferentially disposed between the at least two annu-
lar bodies to form a predetermined breaking line, the notch
configured to allow separation of the annular bodies.
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