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DESCRIPTION

BACKGROUND

[0001] Long term vascular access is a common medical procedure used in several medical
situations including dialysis for patients requiring frequent dialysis treatments, chemotherapy
treatment or ventricular assist device use. Different 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.

[0002] 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 development of a large number of specific devices and tools that are specifically designed
for peripheral use. Vascular introducers are the most common devices that have been
developed 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.

[0003] Such introducer assemblies are disclosed in US 2008/0097386 A1 and US
2012/0310167 A1. The introducer assembly comprises an introducer sheath that is directly
introduced into a patient's vessel with the help of a dilator. A hemostatic valve including a seal
mechanism is provided at the free end of the introducer sheath to prevent excessive bleeding.

[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 different techniques and tools, leading to unpredictable results
and high complication rates. Considering that these procedures involve one of the main
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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] It is 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 hemostasis 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 specialized 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
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equipped with separate 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 separate 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.

[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 comprises 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”, emphasizing 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 particularly 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
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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 adapted for insertion into a vascular graft. It is not configured 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 comprises 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 clamping 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 material. 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
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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 a preferred 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.

[0029] The valve may include at least one seam, preferably 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 circumferential 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
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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 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 clamping 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
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against blood leakage.

[0037] In a 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 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 constructed 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 disclosure, reference is made to the drawings. The
scope of the disclosure is not limited, however, to the specific embodiments disclosed in the
drawings. In the drawings:
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FIG. 1 shows a general view of disclosed graft system.

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

FIG. 3 shows details of a hemostasis valve.

FIG. 4 shows a section view of the hemostasis valve along a seam.

FIG. 5 shows details of a clamp.

FIG. 6 shows details of a dual clamp.

FIG. 7 shows details of a multiple clamp.

FIG. 8 shows details of a low profile hemostasis valve.

FIG. 9 shows multiple hemostasis valves attached to a graft shown in a section view.
FIG. 10 shows a graft system with multiple hemostasis valves in an exploded view.
FIG. 11 shows a graft system with multiple hemostasis valves in an assembled view.
FIG. 12 shows the dual clamp and low profile hemostasis valve mounted on a catheter.

FIG. 13 shows the dual clamp, low profile hemostasis valve, catheter and graft in an
assembled view.

FIG. 14 shows the dual clamp, low profile hemostasis valve, catheter and graft in an
assembled view and anastomosed to a vessel.

FIG. 15 shows a long introducer sleeve in use with a long device in an exploded view.
FIG. 16 shows a long introducer sleeve in use with a long device in a section view.

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

FIG. 18 shows a low profile hemostasis valve having a membrane without slits.
Fig. 19 shows the low profile hemostasis valve pre-mounted on a catheter.
FIG. 20 shows a branched hemostasis valve.

FIG. 21 shows an application of the system of the invention.

FIG. 22 shows another application of the system of the invention.

DETAILED DESCRIPTION
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[0043] Referring to FIG. 1, a graft system 10 in accordance 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. The graft 110 is typically a porous soft
medical fabric as described in U.S. patent 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.

[0044] Typically, a graft 110 is used in a medical procedure 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.

[0045] 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.

[0046] Referring to FIG. 3, an embodiment of the hemostasis 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 312A, 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.

[0047] 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
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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 membrane slits 316 as well as a larger diameter center hole 317.

[0048] 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.

[0049] 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.

[0050] Referring to FIG. 5, the clamp 210 comprises an annular body with first and second
overlapping circumferential 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 longitudinal 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.

[0051] Referring to FIG. 6, another embodiment in accordance 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, preferably 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 structure compared to the clamp 210 in
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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.

[0052] Referring to FIG. 7, another embodiment of the clamping mechanism in accordance
with the present invention 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 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 triple clamping mechanism
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 clamping 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.

[0053] Now referring to FIG. 8, another embodiment of the hemostasis valve in accordance
with the present invention 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 preferably
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 preferential 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. Similarly, 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
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membrane into several parts and allow its removal from any device or catheter passing
through the center hole 613.

[0054] 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 multiple hemostasis valves comprises a graft 110, a proximal 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, 719B 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 hemostasis 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.

[0055] 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 724A, 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 hemostasis valve 712. The distal hemostasis valve seams 725A,
725B are intended to thin the wall of distal hemostasis valve 712 to provide a preferential
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breaking line in the event that the distal hemostasis valve 711 is split in two halves resulting 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 membrane 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.

[0056] 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 intermediate 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 membrane 729, an intermediate hemostasis valve introducer sheath 730 and an
intermediate hemostasis valve housing 731. The intermediate hemostasis valve housing 731
comprises two distinct halves joined by an intermediate hemostasis 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 hemostasis 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.

[0057] Now referring to FIG. 12, in accordance with the present invention the dual clamp 410
and the low profile hemostasis valve 610 are shown mounted on a catheter 810. The catheter
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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 manufacture of the catheter 810.

[0058] 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.

[0059] 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 hemostasis
valve 711. The proximal hemostasis valve seams 719A, 719B 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 proximal hemostasis valve slit membrane 715
when clamped with a clamp, such as proximal clamp 713. The proximal hemostasis 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.
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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.

[0060] 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.

[0061] The distal hemostasis valve 911 with a long introducer 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 924A, the other half 924B is not
shown in FIGs. 16 and 17), joined by a distal hemostasis valve seam 925A and a distal
hemostasis valve seam 925B that travel preferably the entire length of the distal hemostasis
valve 911. The distal hemostasis valve seams 925A, 925B 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 hemostasis valve intended to be
used in association with a large diameter device would typically have longer distal hemostasis
valve membrane slits 925 as well as a larger diameter distal hemostasis valve center hole 920.

[0062] 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 hemostasis valve, introducer sheath, or clamps is common practice 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 associated 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
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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.

[0063] 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. Subsequently, the distal hemostasis valve
sleeve 922 may be inserted through the proximal hemostasis valve slit membrane 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.

[0064] Now referring to FIGs. 18 and 19, another embodiment of a hemostatic valve 610A in
accordance with the present invention is shown. The hemostasis valve 610Ais 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 membrane 611A when clamped with a clamp, such as
clamp 210. The hemostasis valve membrane 611A s typically a soft rubber disk and comprises
a hemostasis valve center hole 613A 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 613A may vary depending on the intended use of the valve. For example, a
hemostasis valve intended to be used in association with a large diameter device would
typically have a larger diameter hemostasis valve center hole 613A.

[0065] Referring to FIG. 20, an embodiment of a branched hemostasis valve 1110 in
accordance with the present invention 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 hemostatic valves arranged in series, as shown in FIGs. 9 to 17, the
branched hemostatic valve 1110 comprises two hemostatic 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
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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 hemostatic 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 housings 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.

[0066] 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 particular, 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 disclosed hemostatic valves
may have seams so as to be separable into two halves or may be made of one piece without
seams.

[0067] 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 completely implanted subcutaneously
when using one or more low profile hemostatic valves as described above.
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Patentkrav

1. System (10; 710) til tilvejebringelse af karadgang i en patients krop,

omfattende:

et karimplantat (110) omfattende et rgrformet legeme, som har en
proksimal ende (110A) og en distal ende (110B); og

mindst én ventil (310; 610) konfigureret til at blive fastgjort til den distale
ende (110B) af implantatets rgrformede legeme, hvor ventilen (310; 610)
omfatter et hus (311; 616), huset (311; 616) inkluderer en fleksibel
membran (314; 611), som har mindst én af en passage (316, 317; 612,
613) der straekker sig igennem membranen (314; 611) og et svaekket
omrade for at ggre det muligt for en medicinsk indretning (810), fortrinsvis
et kateter, at blive indsat igennem membranen (314; 611) i naevnte
karimplantat (110), hvor ventilen (310; 610) yderligere omfatter en
indfgringskappe (315; 615) konfigureret til at blive indsat i den distale
ende (110B) af implantatets rgrformede legeme, hvor implantatet (110) er
forudbestemt til at blive sutureret til et kar (112) i en patients krop ved

den proksimale ende af dets rgrformede legeme.

2. Systemet ifglge krav 1, yderligere omfattende:

mindst én klemme (210) konfigureret til at blive anbragt omkring implantatets
rgrformede legeme og, som har en fgrste konfiguration der tillader indsaettelse af
ventilens indfgringskappe (315; 615) i den distale ende (110B) af implantatets
rgrformede legeme, og en anden konfiguration der tillader klemning af
implantatet (110) mod ventilens indfgringskappe (315; 615), nar indsat i

implantatets rgrformede legeme.

3. Systemet ifglge krav 1 eller 2, hvor en udvendig flade af indfgringskappen
(716) inkluderer mindst én fastholdelsesstruktur (740) til sdledes at begraense
fjernelse af ventilen fra karimplantatet (110) i hvilket det er indsat, hvor
fortrinsvis fastholdelsesstrukturen er dannet som en rampet flade, fortrinsvis
omfattende mindst én modhage (740), der tilspidser vaek fra den udvendige flade
af indfgringskappen (716) i en retning mod huset (717).
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4. Systemet ifglge et hvilket som helst af kravene 1 til 3, hvor, udover
membranen (611), mindst én del af huset (616) er lavet af et fleksibelt materiale,
hvor fortrinsvis det fleksible materiale er et elastisk materiale, hvor fortrinsvis
indfgringskappen (615) er stivere i forhold til radiale kompressionskraefter end en

del af huset (616), hvor membranen (611) er lokaliseret.

5. Systemet ifglge et hvilket som helst af kravene 1 til 4, hvor huset (616) er
cylindrisk, hvor en indvendig diameter af indfgringskappen (615) ikke mindskes
ved indfgringskappens proksimale ende og er fortrinsvis konstant langs hele
lzengden af indfgringskappen (615).

6. Systemet ifglge et hvilket som helst af kravene 2 til 5, hvor klemmen (210)
omfatter mindst ét ringformet legeme, som har en fgrste periferisk ende (216) og
en anden periferisk ende (216), hvor de fgrste og anden periferiske ender (216;
218) overlapper for saledes at tillade variation af den indvendige diameter af det

ringformede legeme mellem de fgrste og anden konfigurationer.

7. Systemet ifglge krav 6, hvor de fgrste og anden periferiske ender (216; 218) af
det ringformede legeme har tilsvarende tandstrukturer, som sammen danner en

palmekanisme (211),

hvor klemmen fortrinsvis omfatter et fgrste greb (215) og et andet greb
(213), hvor det fgrste greb (215) streekker sig radialt udad fra det
ringformede legeme neer den fgrste periferiske ende (216) og det andet
greb (213) straekker sig radialt udad fra det ringformede legeme nzer den
anden periferiske ende (218), hvor bevaegelse af de fgrste og andet greb
(215, 213) mod hinanden forarsager en mindskelse af den indvendige
diameter af det ringformede legeme,

hvor klemmen fortrinsvis yderligere omfatter et tredje greb (214) der
streekker sig radialt udad fra det ringformede legeme tilstgdende den fgrste
periferiske ende (216) og er anbragt med afstand fra det fgrste greb (215),
hvor bevaegelse af de fgrste og tredje greb (215, 214) mod hinanden
forarsager den fgrste periferiske ende (216) til at bgje radialt udad, for
derved at muligggre frigivelse af palmekanismen (211).
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8. Systemet ifglge krav 1 eller 2, omfattende mindst to ventiler (711, 712, 750)
som defineret i et hvilket som helst af kravene 1 og 3 til 5, hvor indfgringskappen
(722, 730) af en (712, 750) af de mindst to ventiler er forbindelig til en distal
ende af den respektive anden (750, 711) af de mindst to ventiler (711, 712, 750)
for sdledes at vaere fastggrlig i serie ved den distale ende (110B) af
karimplantatet (110), hvor fortrinsvis indfgringskappen (722, 730) af naevnte ene
(712, 750) af de mindst to ventiler (711, 712, 750) er konfigureret til at blive
indsat i huset (731, 717) af naevnte anden (750, 711) af de mindst to ventiler
(711, 712, 750).

9. Systemet ifglge krav 8, hvor hver af de mindst to ventiler (711, 712, 750) har
en membran (715, 721, 729) med et centralt hul (720, 734, 726), hvor
diameteren af det centrale hul (720, 734, 726) og/eller stgrrelsen af den mindst
ene passage gges fra en ventil til en respektiv efterfglgende ventil i en retning
mod implantatet (110).

10. Systemet ifglge krav 8 eller 9, hvor indfgringskappen (922) af mindst én
(911) af de mindst to ventiler har en laengde der er mindst ti gange diameteren af
naevnte indfgringskappe (922).

11. Systemet ifglge et hvilket som helst af kravene 8 til 10, omfattende mindst to
klemmer (713, 714) som defineret i krav 6 eller 7, hvor mindst én af klemmerne
(713, 714) er konfigureret til at blive anbragt omkring huset af en af ventilerne,
hvor fortrinsvis de mindst to klemmer (410; 510) er forbundet til hinanden med
magnetisk, mekanisk eller fysisk kraft.
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