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ABSTRACT

A percutaneous tissue track closure assembly (2) includes a
semipermeable barrier (26) mounted to the distal end of a
tubular barrier carrier (20). The barrier is passed down a
tissue track (12) and into a blood vessel (18) where the
barrier is expanded to close off the blood vessel opening

(14). A Syringe device is used to drive a hemostatic flowable
material (30) through a delivery tube (34) and into the tissue

track. The semipermeable barrier permits blood to flow
therethrough but prevents passage of the hemostatic flow
able material therethrough. The hemostatic material includes
a material which SWells upon contact with blood, and a
blood clotting agent. After an appropriate period of time, the
barrier is collapsed and the barrier carrier and delivery tube
are removed from the tissue track.
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PERCUTANEOUSTISSUE TRACK CLOSURE
ASSEMBLY AND METHOD
CROSS-REFERENCES TO RELATED
APPLICATIONS

0001. This application is a division of, and claims the
benefit of priority from U.S. patent application Ser. No.
09/957,176 (Attorney Docket No. 017067-002820), filed
Sep. 19, 2001, which was a division of, and claimed the
benefit of priority from U.S. patent application Ser. No.
09/361,663 (Attorney Docket No. 017067-002810), filed on
Jul. 27, 1999, which claimed the benefit under 35 USC

119(e) of provisional Patent Application No. 60/095,306
(Attorney Docket No. 017067-002800), filed Aug. 4, 1998,

the full disclosures of which are incorporated herein by
reference.
BACKGROUND OF THE INVENTION

0002 Various therapeutic and diagnostic medical proce
dures involve accessing a vein or artery through a percuta
neous tissue track. Femoral arteries are commonly accessed
during Various procedures, Such as angiograms, angioplas
ties, catheterization and peripheral artery angioplasty.
Accessing the blood vessel typically includes insertion of a
relatively large diameter introducer sheath along the percu
taneous tissue track and into an acceSS opening in the blood
vessel. Medical instruments, including guidewires and Vari
ous catheters, are then introduced into the patient's vascular
System through the introducer sheath.
0003. At the conclusion of the medical procedure, the
introducer sheath is removed leaving a relatively large
access opening in the vessel wall which must be closed to
Stop bleeding. This has been traditionally accomplished
through the use of digital pressure at the puncture site. This,
however, requires that direct pressure be applied for an
extended period of time, Such as 45 minutes to an hour, to
effectively stop bleeding from the acceSS opening. Mechani
cal Substitutes for finger pressure have been used, but can be
uncomfortable for the patient. Using digital preSSure to Stop
bleeding is not only expensive from the Standpoint of the
time of the trained medical perSon applying the pressure, it
is also quite physically difficult to maintain a constant
preSSure at the puncture site for Such an extended period. In
addition, applying direct preSSure to the puncture Site causes
the vessel being accessed to be blocked which can create its
own problems, Such as ischemia.
0004. An early alternative to direct pressure to stop
bleeding from an acceSS opening in a blood vessel was the
use of biodegradable collagen plugs. These plugs are either
applied directly on top of the puncture Site in the vessel wall,
or are Secured to the wall with a Suture and polymer anchor.
In the latter device, the polymer anchor is placed within the
artery, against the inner wall of the artery. While Such a
device worked, it is not desirable to leave a foreign object
within the blood vessel.

0005. In lieu of applying direct pressure to the puncture
site, hemostasis materials have been used to halt blood flow

from the blood vessel access opening. These materials are
typically positioned along the percutaneous tissue track
using a balloon catheter, the balloon being Situated at the
distal end of the catheter within the blood vessel. When the

balloon is inflated, it effectively Seals the opening in the
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blood vessel to permit the hemostatic material to be properly
positioned at the acceSS opening in the blood vessel without
being introduced into the vessel. After a period of time, the
balloon is deflated and the balloon catheter is withdrawn

from the blood vessel and tissue track. These devices require
a very Small balloon and can be expensive.
BRIEF SUMMARY OF THE INVENTION

0006 The present invention is directed to a percutaneous
tissue track closure assembly and a method for Sealing the
percutaneous tissue track using a Semipermeable barrier at
the end of the tissue track and hemostatic flowable material

within the tissue track so that blood or blood components
passing through the Semipermeable barrier interact with the
hemostatic material to effectively Seal the tissue track. The
hemostatic material preferably includes both material which
Swells upon contact with blood or other aqueous fluids and
material which causes blood to clot. Using the Semiperme
able barrier prevents passage of the hemoStatic flowable
material through the blood vessel access opening and into
the blood vessel, while permitting a relatively controlled
amount of blood to flow into the percutaneous tissue track to
interact with the hemostatic flowable material. One aspect of
the invention relates to a method for Sealing the percutane
ous tissue track. A Semipermeable barrier is established at
the distal end of the tissue track at the blood vessel puncture
Site. Hemostatic material is introduced into the tissue track.

The Semipermeable barrier permits blood, or at least one
blood component, to pass from the blood vessel into the
tissue track to interact with the hemostatic material and

effectively seal the tissue track. The semipermeable barrier
prevents the hemostatic material from passing through the
acceSS opening and into the blood vessel.
0007. A percutaneous tissue track closure assembly
includes broadly a barrier assembly, a flowable material
assembly and a delivery tube alignment device. The barrier
assembly includes an elongate barrier carrier, typically a
tube, having a distal end. The barrier is mounted to the distal
end of the barrier carrier. In a preferred embodiment the
Semipermeable barrier permits blood or blood components
to pass through the barrier, but prevents the passage of the
hemostatic flowable material through the barrier into the
vessel. The barrier can be placed in a laterally retracted,
undeployed configuration for passage into and out of the
blood vessel, and in a laterally expanded, deployed configu
ration, when in the blood vessel, by a user-operated barrier
actuator. The barrier actuator is, in one embodiment, in the

form of a thin wire extending from the barrier and through
the tubular barrier carrier; the barrier actuator is pushed to
place the barrier in the undeployed configuration and pulled
to expand the barrier into its laterally expanded, deployed
configuration So the barrier can be used to block the access
opening in the blood vessel. In another embodiment, the
barrier actuator is in the form of two coaxial tubes, the outer

one extending from the barrier and acting as barrier carrier,
and the inner one bonded to the outer one at the distal end

and acting as a barrier actuator. The outer tube is slit in
Several places, Such as four, in the distal area located directly
under the barrier. When the inner tube is pulled proximally
relative to the outer tube, the sections of the outer tube

located between the slits buckle outwardly and extend into
arms which force the barrier to expand into a discus-like or
mushroom shape.
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0008. In a further embodiment, a barrier carrier is in the
form at least one barrier carrier tube, and preferably in the
form of inner and outer barrier carrrier tubes, having lon
gitudinally-extending weakened regions, the weakened
regions typically being slits formed near the distal ends. The
weakened regions of the inner barrier carrier tube are
circumferentially offset from the weakened regions of the
outer barrier carrier tube. A barrier actuator, typically in the
form of a pull wire or tube, is used to pull on the distal ends
of both inner and Outer barrier carrier tubes causing the inner
and Outer barrier carrier tubes to buckle at the weakened

regions thus causing the arms defined between the weakened
regions to be deflected outwardly creating gaps therebe
tween. The laterally extending arms of the inner barrier
carrier tube extend between the gaps created between the
arms of the outer barrier carrier tube. The arms create

fluid-flow-permitting gaps therebetween. It has been found
by properly sizing these fluid-flow-permitting gaps, a Semi
permeable membrane need not be used. Depending upon the
maximum size permitted for the fluid-flow-permitting gaps,
it may be possible to eliminate the need for the inner barrier
carrier tube. Also, in Some cases a third barrier carrier tube

with its own Set of laterally-expandable arms may be used.
0009. The flowable material assembly includes a delivery
tube and a Source of a hemostatic flowable material, typi
cally a Syringe device. The Syringe device is mounted to the
proximal end of the delivery tube. The delivery tube is
positioned along the barrier carrier So that the distal end of
the delivery tube is adjacent the distal end of the barrier
carrier through the use of the delivery tube alignment device.
0.010 The elongate barrier carrier may be mounted within
the delivery tube to define a flowable material path between
the two. The flowable material path may be generally
annular in shape.
0.011 The delivery tube may be in the form of a laterally
collapsible tube. The laterally collapsible tube may be
mounted to and be external of the elongate barrier carrier.
This would permit the inside diameter of the introducer
sheath, through which the barrier carrier and collapsible
delivery tube is passed, to be of a Smaller diameter than
would be required if the delivery tube were not collapsible.
0012. The distal ends of the barrier assembly and the
delivery tube are inserted through the percutaneous tissue
track So that the distal end of the barrier carrier extends

through the acceSS opening in the blood vessel So that the
barrier is positioned within the blood vessel. Once within the
blood vessel, the barrier actuator is operated to place the
Semipermeable barrier into the laterally expanded, deployed
configuration So that the barrier can be positioned against
and effectively cover the access opening in the blood vessel.
The hemostatic flowable material is then directed into the

percutaneous tissue track. AS mentioned above, the Semi
permeable barrier is designed to prevent the hemostatic
flowable material from entering the blood vessel. The hemo
static flowable material preferably includes a flowable gel
material which Swells upon contact with blood or other
aqueous fluid, and a blood clotting agent which causes blood
or blood components to clot, thus Sealing the tissue track by
creating an effective plug within the tissue track. After an
appropriate period of time, which allows the blood to clot
and the hemostatic flowable material to Swell thus creating
an effective plug in the tissue track, the barrier is placed into

its laterally retracted, undeployed configuration and the
barrier carrier and delivery tube are removed from the
percutaneous tissue track, doing So permits the hemostatic
flowable material to completely close the tissue track.
0013 In one embodiment, the delivery tube alignment
device includes a thread or other filament Secured to the

distal end of the barrier carrier. The thread or filament passes
through the delivery tube and prevents the distal end of the
delivery tube from moving distally past a chosen position
along the barrier carrier. After being aligned, the proximal
ends of the delivery tube and barrier carrier can be tempo
rarily Secured together using, for example, tape. The deliv
ery tube alignment device may also comprise guides,
Secured to and extending laterally from one of the barrier
carrier and delivery tube, which engage and slide along the
other of the barrier carrier and delivery tube together, and a
Stop element that prevents movement of the distal end of the
delivery tube past a chosen position at the distal end of the
barrier carrier. Another delivery tube alignment device
includes indicia or marks on the delivery tube and the barrier
carrier. While using marks or indicia to properly position the
distal end of the delivery tube is quite simple from a
manufacturing Standpoint, it relies on Visual alignment of
the indicia rather than mechanical alignment of the parts.
0014. Other features and advantages will appear from the
following description in which the preferred embodiments
have been Set forth in detail in conjunction with the accom
panying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

0015 FIG. 1 illustrates an introducer catheter within a
percutaneous tissue track and a barrier assembly passing
through the introducer catheter with the Semipermeable
barrier within the blood vessel in its laterally retracted,
undeployed configuration;
0016 FIG. 2 is similar to FIG. 1, but with the introducer
sheath removed from the percutaneous tissue track and the
barrier in its laterally expanded, deployed configuration
covering the access opening in the blood vessel;
0017 FIG. 3 shows a flowable material delivery tube
passing over a thread extending from the distal end of the
barrier sheath of FIG. 2, the distal end of the delivery tube
being generally aligned with the attachment point of the
thread to the barrier sheath;

0018 FIG. 4 illustrates a percutaneous tissue track clo
Sure assembly made according to the invention showing the
barrier actuator extending from the open proximal end of the
barrier sheath, a syringe filled with a hemostatic flowable
material Secured to the Luer fitting at the proximal end of the
delivery tube and the introduction of the hemostatic flowable
material from the Syringe through the open distal end of the
delivery tube into the percutaneous tissue track with the
hemostatic flowable material being prevented from entering
the blood vessel by the deployed barrier;
0019 FIG. 5 illustrates the barrier assembly and delivery
tube being withdrawn from the percutaneous tissue track
after the percutaneous tissue track has been Substantially
filled with the hemostatic flowable material and the hemo

Static flowable material has interacted with blood passing
through the Semipermeable barrier to effectively form a plug
made of Swollen flowable material and clotted blood;
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0020 FIG. 6 illustrates an alternative embodiment of the
invention in which the thread-type delivery tube alignment
device of FIGS. 1-5 has been replaced by guides positioned
along the barrier carrier which engage the delivery tube, the
delivery tube including a stop to properly position the open
distal end of the delivery tube relative to the distal end of the
barrier carrier;

0021

FIGS. 7 and 8 illustrate further alternative

embodiments of the invention in which the barrier sheath

and delivery tube include Slides and Slide openings to guide
the delivery tube along the barrier sheath;
0022 FIG. 9 illustrates three alternative embodiments of
differently shaped slides which could be used with the
embodiments of FIGS. 7 and 8;

0023 FIG. 10 illustrates a further embodiment of the
invention in which the barrier carrier and delivery tube are
combined into a single Structure including a main lumen,
through which the flowable material passes, and a Supple
mental lumen, through which the barrier actuator passes, the
combination tube having a number of flowable material exits
at the distal end of the combination tube and along the length
of the combination tube;

0024 FIG. 11 illustrates an alternative embodiment of
the barrier assembly of FIG. 2 in which the barrier sheath
has been replaced by a solid barrier carrier with the barrier
actuator being external of the barrier carrier and guided
along the barrier carrier by several guide loops;
0025 FIG. 12 is a view similar to FIG. 3 but with the
thread passing out through a hole at the distal end of the
flowable material delivery tube;
0026 FIG. 13 illustrates an alternative embodiment of
the barrier assembly of FIGS. 1-5 with the barrier within a
blood vessel in a collapsed condition;
0027 FIGS. 13A and 13B are enlarged views which
show the distal end of the barrier assembly of FIG. 13 in a
radially-expanded, deployed condition;
0028 FIG. 13C shows the barrier assembly of FIG. 13
with the barrier in the deployed condition of FIGS. 13A and
13B and the introducer sheath removed;

0029 FIG.13D shows the barrier assembly of FIG. 13C
with the distal end of a flowable material delivery tube
positioned adjacent the deployed barrier;
0030 FIG. 13E is an enlarged view of the distal ends of
the barrier assembly and delivery tube of FIG. 13D;
0.031 FIG. 14 is an enlarged isometric view of the distal
portion of a further barrier assembly made according to the
invention with the barrier in a collapsed configuration;
0.032 FIG. 14A is a simplified cross-sectional view taken
along line 14A-14A of FIG. 14;
0033 FIG. 14B illustrates the barrier assembly of FIG.
14 with the barrier in a laterally-expanded, fluid-flow
permitting configuration;
0034 FIG. 15 illustrates the barrier assembly of FIG. 14
with a further embodiment of a delivery tube mounted over
the barrier carrier of the barrier assembly;

0035 FIG. 15A illustrates the device of FIG. 15 with the
Spacer tube retracted opening up an annular flowable mate
rial path between the delivery tube and the barrier sheath;
0036 FIG. 16 illustrates a further embodiment of the
invention in which the barrier assembly of FIG. 14 has a
laterally-collapsible flowable material delivery tube
mounted to it; and

0037 FIG. 16A is a cross-sectional view taken along line
16A-16A of FIG. 16 with the delivery tube in an expanded
condition.
DETAILED DESCRIPTION OF THE
INVENTION

0038 Referring initially to FIG. 4, a percutaneous tissue
track closure assembly 2 is seen to include a barrier assem
bly 4, a thread 8 and a flowable material assembly 6 coupled
to and aligned with the barrier assembly 4 using thread 8.
Thread 8 acts as an alignment device for properly position
ing the barrier assembly and flowable material assembly
relative to one another as will be described in more detail
below.

0039) Referring now to FIG. 1, an introducer sheath 10
is shown extending along a percutaneous tissue track 12 and
extending a short distance through an acceSS opening 14
formed in the wall 16 of a blood vessel 18. Introducer sheath

10 had been used to introduce appropriate medical devices,
Such as guidewires and catheters, into blood vessel 18 during
a prior therapeutic or diagnostic procedure. Before removing
introducer sheath 10, the distal end of the barrier assembly
4 is passed through the introducer Sheath.
0040 Barrier assembly 4 includes a tubular barrier carrier
20 housing a flexible, wire-like barrier actuator 22 therein.
The distal end 24 of barrier actuator 22 is secured to the

center of a Semipermeable barrier 26, the Semipermeable
barrier being connected to the distal end 28 of barrier carrier
20. Barrier 26 is constructed So that it can assume the

laterally retracted, undeployed configuration of FIG. 1 or
the laterally expanded, deployed configuration of FIG. 2 by
either pushing or pulling on barrier actuator 22. Therefore,
barrier actuator 22 is flexible but has sufficient columnar

strength to move barrier 26 between the laterally expanded
configuration of FIG. 2 and the laterally retracted configu
ration of FIG. 1. Barrier 26 is preferably a mesh-like
material which permits a restricted flow of blood through the
barrier but prevents a hemostatic flowable material 30,
originally within Syringe 6, from passing through barrier 26
and into blood vessel 18.

0041

FIG. 2 illustrates barrier assembly 4 within percu

taneous tissue track 12 after barrier actuator 22 has been

pulled to cause barrier 26 to be deformed into its laterally
expanded, mushroom-like deployed configuration and intro
ducer sheath 10 has been removed. FIG. 2 also illustrates

thread 8 extending from a position 32 adjacent the distal end
28 of barrier carrier 20. FIG. 3 illustrates the placement of
a flowable material delivery tube 34 over thread 8 until the
open distal end 36 of tube 34, which acts as the delivery tube
exit, is adjacent position 32 at the end of thread 8. AS Seen
in FIG. 3, thread 8 extends out from the Luer fitting 38 at
the proximal end of delivery tube 34. Luer fitting 38 is
mounted to a Luer fitting 40 at the distal end of Syringe 6.
As shown in FIG. 4, thread 8 is captured between the Luer
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fittings 38, 40, thus securing open distal end 36 of delivery
tube 34 adjacent position 32 along barrier carrier 20. At this
point, the user depresses the thumb pad 42 of Syringe 6
causing piston 44 to move distally in the direction of the
arrow to force hemostatic flowable material 30 from Syringe
6, through tube 34, out open distal end 36, and into tissue
track 12.

0.042 FIG. 4 also shows alignment markings, indicators
or indicia 45 on barrier carrier 20. Markings 45 can be used
instead of or in addition to thread 8 as an alignment device.
In FIG.4, markings 45 are positioned to be aligned with the
lower edge of Luer fitting 38 when distal end 36 is properly
positioned.
0.043 Hemostatic flowable material 30 may be a material
which either Swells upon contact with an aqueous liquid,
Such as blood or aqueous blood components, or causes blood
or one or more blood components to clot upon contact with
the hemostatic flowable material, and preferably both. In the
preferred embodiment, hemostatic flowable material 30
includes a bioabsorbable, flowable, granular gel as described
in U.S. patent application Ser. Nos. 09/032,370, filed Feb.
27, 1998; 08/903,674, filed Jul. 31, 1997; 60/050,437, filed

Jun. 18, 1997; and 08/704.852, filed Aug. 27, 1996, entitled
Fragmented Polymeric Compositions and Methods for Their
Use. In addition, hemostatic flowable material 30 includes

thrombin or thrombin and fibrinogen as the clotting agent.
Flowable material delivery tube 34 is preferably at least a 16
gauge, and preferably a 15 gauge, tube. Flowable material
30 can also include other agents, Such as antibacterial
agents, antifibrinolytic agents, or bacterioStatic agents.
0044) In many applications, percutaneous tissue track 12
can be sufficiently filled without moving open distal end 36
of delivery tube 34 from the position as shown in FIG. 4.
However, in Some cases it may be desired to permit open
distal end to be moved back out through tissue track 12 as
material 30 is injected into the tissue track. Because thread
8 locks distal end 36 adjacent to position 32, this can be
achieved only by either moving barrier assembly 4, which
may not be desired until reactions have occurred with
hemostatic flowable material 30 to create an effective plug,
or by severing thread 8. One way to sever thread 8 would be
to include a cutout or notch at distal end 36 of tube 34 So that
the user could catch the end of thread 8 within the cutout or

notch and then rotate assembly 6 until the thread is severed.
At this point, open distal end 36 can be backed out of path
12 while maintaining barrier assembly 4 in place, thus
back-filling tissue track 12.
0.045. After hemostatic flowable material has reacted
sufficiently with blood or one or more blood components to
form an effective plug within tissue track 12, barrier actuator
22 is extended to move barrier 26 from the deployed
configuration of FIG. 2 to the undeployed configuration of
FIG. 1; barrier assembly 4 can then be withdrawn from
tissue track 12 as Suggested in FIG. 5. Any opening or gap
which may be left by the retreating barrier carrier 20 and
tube 34 will be quickly filled by hemostatic flowable mate
rial 30.

0046) While the use of thread 8 as a delivery tube
alignment device is simple and inexpensive, it may be
desired to use different Structure for accomplishing this.
FIGS. 6-10 illustrate alternative embodiments with like

reference numerals referring to like elements.

0047 Barrier carrier 20A, see FIG. 6, includes at least
two delivery guides 46 which guide the movement of
delivery tube 34A along barrier carrier 20A. Delivery tube
34A includes a stop 48 which engages the proximal-most
guide 46 when the open distal end 36 of delivery tube 34A
is properly aligned at the distal end 28 of barrier carrier 20A.
0048 FIG. 7 illustrates a different type of guide element
in which barrier carrier 20B includes a slide opening 50 and
delivery tube 34B includes a complementary, T-shaped slide
52. Delivery tube 34B would preferably include a stop
element similar to stop 48 of FIG. 6; such a stop element is
not shown in FIG. 7. FIG. 8 illustrates an alternative
embodiment of the structure of FIG. 7 in which slide

opening 50C is formed in delivery tube 34C, rather than as
a part of barrier carrier 20B, and slide 52C is formed as an
extension of barrier carrier 20O. The fit between slide

opening 50C and slide 52C may be relatively tight so that
substantially no hemostatic flowable material can flow
through the gap between the two. Alternatively, a portion of
the length of engagement of slide opening 50C and slide 52C
can be made to be a Somewhat loose fit to permit hemostatic
flowable material 30 to pass between the two in addition to
flowing out of the open distal end of delivery tube 34C.
Backing out, back-filling movements of the delivery tube are
facilitated through the embodiments of FIGS. 6, 7 and 8.
FIG. 9 illustrates three alternatively-shaped slides 52D, 52E
and 52F which could be used with embodiments similar to
the embodiments of FIGS. 7 and 8.

0049 FIG. 10 illustrates an embodiment in which the

barrier carrier and delivery tube are incorporated into a
combination tube 56. Combination tube 56 includes a main

lumen 58, through which flowable material 30 passes, and a
supplemental lumen 60, through which barrier actuator 22
passes. Instead of having a Single flowable material exit at
the open distal end of combination tube 56, tube 56 has a
number of flowable material exits 62, 64 along at least part
of its length; this helps eliminate the need for backing the
delivery tube out of tissue track 12 to back fill the tissue
track with flowable material 30. Also, combination tube 56

acts as the barrier carrier alignment device to eliminate the
need for thread 8 of FIGS. 1-5 and 11, markings 45 of FIG.
4, guides 46 and stop 48 of FIG. 6, and slide opening 50 and
Slides 52 of FIGS. 7-9.

0050 FIG. 11 illustrates an embodiment in which the
barrier carrier has been replaced by an elongate barrier
carrier 20D. Barrier carrier 20D is Solid but has a number of

guide loops 66 extending from the barrier carrier along its
length to guide barrier actuator 22.
0051 FIG. 12 illustrates a further embodiment in which
thread 8 passes through the open distal end 36E of tube 34E
and then through a hole 70 formed in tube 34E. This
eliminates the need to sever thread 8 when it is desired to
back-fill tissue track 12.

0.052 FIG. 13 illustrates a further barrier assembly 4F
which uses, as shown in FIGS. 13A and 13B, an outer tube
20F as the barrier carrier and an inner tube 22F as the barrier
actuator. Barrier 26F is mounted over the distal end of outer

tube 20F. Outer tube 20F has a number, Such as four, of

axially-extending slits 72 located centrally beneath barrier
26F. Pulling inner tube 22F axially relative to outer tube 20F
causes the Slit region of the outer tube to buckle outwardly
from the collapsed condition of FIG. 13 to the expanded,
deployed condition of FIGS. 13A-13E.
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0053 FIG. 13 shows barrier assembly 4F having been
passed through introducer sheath 10 with barrier 26F within
blood vessel 18. FIG. 13C illustrates barrier 26F in a

deployed condition, pressed against the wall 16 of the blood
vessel with introducer sheath 10 removed. FIG. 13D shows

a delivery tube 34F having an integral tube clip 74, see FIG.
13E, at its distal end which clips to and Slides along outer
tube 20F. Fitting 38F can be coupled a source of hemostatic
flowable material, Such as a Syringe.
0054 FIG. 14 illustrates the distal end of the further
alternative embodiment of a barrier assembly 4G which is
Somewhat similar to the embodiment of FIG. 13B but differs

primarily in that it does not include the Semipermeable
barrier 26F of the FIG. 13B embodiment. Barrier assembly
4 includes a barrier carrier 20G including a first, outer
barrier carrier tube 76 and a second, inner barrier carrier tube

78. Tubes 76, 78 each have a series of four equally-spaced
slits 80, 82, see FIG. 14A, at their distal ends. Slits 80, 82

are located between the tip 84 of barrier carrier 20G and a
metallic stop ring 86, the use of which is described below.
Tubes 76, 78 are free to move relative to one another in the

area of slits 80, 82. However, tubes 76, 78 are prevented
from any Significant relative longitudinal or rotational move
ment so that by pulling on barrier actuator 22G, both tubes
76, 78 buckle in the region of slits 80, 82. This causes the
laterally-expandable arms 88,90 to buckle, that is deflected
outwardly, to the deployed configuration of FIG. 14B. As
seen in FIGS. 14A and 14B, slits 80, 82 are circumferen

tially offset so arms 90 of inner barrier carrier tube 78 extend
through the opening created between the outwardly
deflected arms 88 of outer barrier carrier tube 76. Laterally
expanded arms 88, 90 create a number of fluid-flow-per
mitting gaps 91, see FIG. 4B. Gaps 91 are small enough to
prevent flow of hemostatic flowable material 30 there
through but large enough to permit passage of a Suitable
amount of blood into tissue track 12 for interaction with
material 30.

0055 FIG. 15 illustrates a further embodiment of the
invention using barrier assembly 4G of FIG. 14. Barrier
assembly 4G is housed within a spacer tube 92, the spacer
tube being housed within a hollow delivery tube 34H. The
distal end 94 of spacer tube 92 abuts stop ring 86 and is
tapered to provide a Smooth transition between barrier
assembly 4G and delivery tube 34H as tube 92 is introduced
into tissue track 12. Once in position within tissue track 12,
barrier actuator 22G is pulled thus causing arms 88,90 to be
laterally expanded So that the barrier is in a deployed
position. Spacer tube 92 is then partially withdrawn as
shown in FIG. 15A to permit material 30 to be introduced
into the generally annular flowable material path 96 defined
between delivery tube 34H and barrier carrier tube 76.
Flowable material 30 passes through a flowable material
delivery port 98 at the proximal end of delivery tube 34H,
along path 96 and out of the exit 99 of path 96. The
embodiment of FIGS. 15 and 15A permits the flowable
material to be properly introduced adjacent to barrier 26G
and backfilled up into tissue path 12. After tissue track 12 is
properly filled with material 30, spacer tube 92 and delivery
tube 34H can be removed from barrier carrier 20O. When

appropriate, barrier actuator 22G is pushed distally causing
barrier 26G to move to the collapsed configuration of FIG.
14 to permit barrier assembly 4G to be removed from the
tissue track.

0056 FIGS. 16 and 16A illustrate a further embodiment
of the invention incorporating barrier assembly 4G of FIG.
14 together with a laterally collapsible delivery tube 34I.
Laterally-collapsible delivery tube 34I is mounted over outer
barrier carrier tube 76 and defines a flexible, laterally
collapsible flowable material path 100 having an entrance
102 at a proximal end of path 100 and an exit 104 at a distal
end of path 100 adjacent to barrier 26G. Material 30 is
introduced into path 100 at entrance 102 through the use of
a tube 106 having a fitting 108 at its proximal end coupleable
to a conventional Syringe or other Supply of hemostatic
flowable material 30. Tube 106 need not be inserted very far
along path 100 of tube 34I to provide a sufficient seal
between laterally-collapsible tube 34I and tube 106. In the
preferred embodiment tube 34I is made of heat-shrinkable
polyester; however, other materials, such as PET, PETG or
PVC, could also be used. Path 100 is shown in FIG. 16A as

being somewhat kidney-shaped. Other shapes for path 100
when laterally-collapsible tube 34I is in its expanded or
extended condition can also be used. In this preferred
embodiment, laterally-collapsible tube 34I is mounted over
outer barrier carrier tube 76 through the use of an integral
mounting sleeve 110 surrounding tube 76. If desired, other
methods of mounting tube 34I to tube 76 could be used, such
as through the use of an adhesive or heat bonding.
0057 With the embodiment of FIG. 16, barrier assembly
4G with delivery tube 34I mounted thereto is typically
deployed through an introducer Sheath. The introducer
sheath would then be removed, actuator 22G would be
actuated to cause barrier 26G to be deployed, and material
30 would be introduced into percutaneous tissue track 12
using tube 106 inserted through entrance 102 of flowable
material path 100. When it is time to remove barrier assem
bly 4G, barrier actuator 22G is pushed distally relative to
tubes 76, 78 causing barrier 26 to move from the deployed
configuration shown in FIG. 14B to the undeployed con
figuration of FIG. 14. Barrier assembly 4G and flowable
material delivery tube 34I therewith can then be removed
from tissue track 12.

0058 Other modifications and variations can be made to
the enclosed embodiments without departing from the Sub
ject of the invention as defined in the following claims.
0059 Any and all patents, applications and printed pub
lications referred to above are incorporated by reference.
What is claimed is:

1. A method for Sealing a percutaneous tissue track
extending to a blood vessel comprising:
establishing a Semipermeable barrier at a distal end of the
tissue track adjacent to a blood vessel access opening,
the Semipermeable barrier permitting passage of at least
one blood component therethrough and preventing pas
Sage of a chosen hemostatic material therethrough; and
flowing the chosen hemoStatic material through a laterally
collapsible tube into the tissue track, wherein the at
least one blood component passing through the Semi
permeable barrier interacts with the chosen hemostatic
material to seal effectively the tissue track while the
Semipermeable barrier prevents passage of the hemo
Static material into the blood vessel lumen.

2. The method according to claim 1 wherein the blood
permeable barrier establishing Step is carried out by deploy
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ing the blood-permeable barrier adjacent to an internal
Surface of the lumen of the blood vessel.

3. The method according to claim 1 wherein the estab
lishing Step comprises the Step of expanding the blood
permeable barrier from a laterally-collapsed condition to a
laterally-extended condition.
4. The method according to claim 1 wherein the estab
lishing Step comprises:
advancing the blood-permeable barrier distally through
the tissue track in a collapsed condition; and
deploying the blood-permeable barrier within the lumen
of the blood vessel and against a wall of the blood
vessel.

5. The method according to claim 4 further comprising the
Steps of:
collapsing the blood-permeable barrier after the tissue
track has been effectively Sealed; and
removing the collapsed blood-permeable barrier.
6. The method according to claim 1 wherein the intro
ducing Step comprises injecting the chosen hemostatic mate
rial through a cannula.
7. The method according to claim 6 wherein the injecting
Step is carried out using a cannula having a size of 15 gauge
or Smaller.

8. The method according to claim 1 wherein the intro
ducing Step is carried out with a flowable gel hemoStatic
material.

9. The method according to claim 1 wherein the intro
ducing Step is carried out with a flowable gel hemoStatic
material comprising a matrix material and at least one
clotting agent which interacts with the at least one blood
component to enhance clotting.
10. The method according to claim 9 wherein the intro
ducing Step is carried out with the matrix material compris
ing at least one protein.
11. The method according to claim 9 wherein the intro
ducing Step is carried out with the clotting agent comprising
at least one of the following proteins: thrombin, fibrin, and
fibrinogen.
12. The method according to claim 1 wherein the intro
ducing Step is carried out with the chosen hemoStatic mate
rial comprising a first material which Swells upon contact
with the at least one blood component and a Second material
which induces clotting of the at least one blood component.
13. The method according to claim 1 wherein the intro
ducing Step comprises flowing the hemostatic material along
a path defined between a barrier carrier tube, to which the
Semipermeable barrier is mounted, and an elongate inner
member, mounted within the barrier carrier tube.

14. The method according to claim 1 wherein the estab
lishing Step is carried out using a Semipermeable membrane
which permits blood to flow therethrough.
15. The method according to claim 1 wherein the estab
lishing Step is carried out using a plurality of laterally
expandable arms defining fluid flow, permitting gaps ther
ebetween when laterally expanded.
16. A method for closing a percutaneous tissue track
leading to an access opening in a blood vessel comprising
the following Steps:
Selecting a barrier assembly comprising a barrier carrier
and a Semipermeable barrier at the distal end of the
barrier carrier, the barrier configured to permit at least

one blood component to pass therethrough when in a
laterally expanded, deployed configuration;
inserting the barrier through a tissue track and through an
acceSS opening in a blood vessel, the barrier being in a
laterally retracted, undeployed configuration;
placing the barrier in the laterally expanded, deployed
configuration against the acceSS opening;
filling at least a portion of the tissue track adjacent to the
acceSS opening with a hemostatic flowable material,
Said flowable material being of a type which does not
pass through the barrier;
maintaining the barrier in position for a chosen time
period thereby preventing the flowable material from
passing through the barrier into the blood vessel while
permitting the at least one blood component to flow
through the barrier to interact with the hemostatic
flowable material to seal effectively the tissue track;
placing the barrier in the laterally retracted, undeployed
condition after Said chosen period of time with the
barrier carrier comprising a first barrier carrier tube and
wherein the barrier is defined at least in part by a
plurality of laterally-expandable first arms created by
longitudinally-extending first weakened regions in the
first barrier carrier tube; and

removing the barrier from the blood vessel and the tissue
track so the flowable material effectively seals the
percutaneous tissue track.
17. A percutaneous tissue track closure assembly com
prising:
a barrier assembly comprising:
an elongate barrier carrier having a distal end;
a barrier at the distal end of the barrier carrier, the barrier

being placeable in a laterally retracted, undeployed
configuration and a laterally expanded, deployed con
figuration; and
a user-operated barrier actuator coupled to the barrier to
move the barrier between the undeployed and deployed
conditions,

a flowable material assembly comprising:
a Source of a hemostatic flowable material;

a delivery tube comprising a laterally collapsible tube
having a tube entrance and a tube exit at a chosen
position along the barrier carrier, the delivery tube
coupleable to the flowable material Source; and
a flowable material driver selectively driving flowable
material from the flowable material source through the
tube entrance, along the delivery tube and out of the
delivery tube through the tube exit.
18. The assembly according to claim 17 wherein the
barrier is a semipermeable barrier which permits blood or at
least one blood component to pass therethrough but prevents
the flowable material from passing therethrough.
19. The assembly according to claim 17 wherein said
Semipermeable barrier comprises a porous mesh material.
20. The assembly according to claim 19 wherein said
Semipermeable barrier comprises a Semipermeable mem
brane.

US 2004/0162578 A1

21. The assembly according to claim 20 wherein said
Semipermeable barrier comprises a plurality of laterally
expandable arms defining fluid-flow-permitting gaps ther
ebetween when in the deployed configuration.
22. The assembly according to claim 20 wherein said
barrier carrier comprises a barrier carrier tube having lon
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gitudinally-extending weakened regions defining laterally
expandable arms, Said arms defining fluid-flow-permitting
gaps therebetween when in the deployed configuration.

