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(57) ABSTRACT

A system for facilitating hemostasis of a puncture site in a
blood vessel injects an absorbable sponge pledget in a
hydrated state to a position at an exterior of the blood vessel
puncture to facilitate hemostasis. The system includes a tract
dilator for locating the puncture, an introducer, and a pusher.
The introducer includes a staging chamber for receiving the
absorbent sponge pledget and a delivery chamber having a
diameter smaller than a diameter of the staging chamber into
which a hydrated pledget passes. The pledget is hydrated and
compressed within the introducer and then ejected with the
pusher to the delivery site to facilitate hemostasis of the blood
vessel puncture. The system delivers the absorbable sponge
pledget over a guidewire to ensure the proper positioning of
the pledget over the puncture. The implanted absorbable
sponge once delivered expands rapidly to fill the target site
and is absorbed by the body over time.
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SYSTEM AND METHOD FOR FACILITATING
HEMOSTASIS OF BLOOD VESSEL
PUNCTURES WITH ABSORBABLE SPONGE

CROSS-REFERENCED TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/319,260, filed on Dec. 13, 2002,
which is a continuation of co-pending U.S. patent application
Ser. No. 09/922,784, filed on Aug. 7, 2001, now U.S. Pat. No.
6,527,734, which is a divisional of U.S. patent application
Ser. No. 09/263,603, filed on Mar. 5, 1999, now U.S. Pat. No.
6,315,753, which is a continuation-in-part of U.S. patent
application Ser. No. 09/071,284, filed on May 1, 1998, now
U.S. Pat. No. 6,162,192. The disclosures of the foregoing
applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a closure system for blood
vessel punctures, and more particularly, the invention relates
to a system and method for facilitating hemostasis of blood
vessel punctures with an absorbable sponge material.

[0004] 2. Brief Description of the Related Art

[0005] A large number of diagnostic and interventional
procedures involve the percutaneous introduction of instru-
mentation into a vein or artery. For example, coronary angio-
plasty, angiography, atherectomy, stenting of arteries, and
many other procedures often involve accessing the vascula-
ture through a catheter placed in the femoral artery or other
blood vessel. Once the procedure is completed and the cath-
eter or other instrumentation is removed, bleeding from the
punctured artery must be controlled.

[0006] Traditionally, external pressure is applied to the skin
entry site to stem bleeding from a puncture wound in a blood
vessel. Pressure is continued until hemostasis has occurred at
the puncture site. In some instances, pressure must be applied
for a up to an hour or more during which time the patient is
uncomfortably immobilized. In addition, a risk of hematoma
exists since bleeding from the vessel may continue beneath
the skin until sufficient clotting effects hemostasis. Further,
external pressure to close the vascular puncture site works
best when the vessel is close to the skin surface and may be
unsuitable for patients with substantial amounts of subcuta-
neous adipose tissue since the skin surface may be a consid-
erable distance from the vascular puncture site.

[0007] More recently, devices have been proposed to pro-
mote hemostasis directly at a site of a vascular puncture. One
class of such puncture sealing devices features an intralumi-
nal anchor which is placed within the blood vessel and seals
against an inside surface of the vessel puncture. The intralu-
minal plug may be used in combination with a sealing mate-
rial positioned on the outside of the blood vessel, such as
collagen. Sealing devices of this type are disclosed in U.S.
Pat. Nos. 4,852,568; 4,890,612; 5,021,059; and 5,061,274.
[0008] Another approach to subcutaneous blood vessel
puncture closure involves the delivery of non-absorbable tis-
sue adhesives, such cyanoacrylate, to the perforation site.
Such a system is disclosed in U.S. Pat. No. 5,383,899.
[0009] The application of an absorbable material such as
collagen or a non-absorbable tissue adhesive at the puncture
site has several drawbacks including: 1) possible injection of
the material into the blood vessel causing thrombosis; 2) a
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lack of pressure directly on the blood vessel puncture which
may allow blood to escape beneath the material plug into the
surrounding tissue; and 3) the inability to accurately place the
absorbable material plug directly over the puncture site.
[0010] The use of an anchor and plug system addresses
these problems to some extent but provides other problems
including: 1) complex and difficult application; 2) partial
occlusion of the blood vessel by the anchor when placed
properly; and 3) complete blockage of the blood vessel or a
branch of the blood vessel by the anchor if placed improperly.
Another problem with the anchor and plug system involves
reaccess. Reaccess of a particular blood vessel site sealed
with an anchor and plug system is not possible until the
anchor has been completely absorbed because the anchor
could be dislodged into the blood stream by an attempt to
reaccess.

[0011] Yetanother approach to subcutaneous puncture clo-
sure involves the internal suturing of the blood vessel punc-
ture with a specially designed suturing device. However,
these suturing devices involve a significant number of steps to
perform suturing and require substantial expertise.

[0012] Accordingly, it would be desirable to provide a sys-
tem for facilitating hemostasis of blood vessel punctures
which addresses the drawbacks of the known systems.

SUMMARY OF THE INVENTION

[0013] One aspect of the present invention relates to a
device for facilitating hemostasis of a puncture in the wall of
a blood vessel including an introducer for compressing a
sponge pledget for delivery into a patient to seal the puncture,
the introducer including a staging chamber with a first diam-
eter configured to receive the absorbable sponge pledget, a
delivery chamber with a second diameter smaller than the first
diameter, and a tapered section between the staging chamber
and the delivery chamber for compressing the pledget, and a
plunger insertable into the introducer for ejection of the
pledget from the delivery chamber into a patient to seal the
puncture in the blood vessel wall

[0014] In accordance with another aspect of the present
invention, a method for facilitating hemostasis of a puncture
in the wall of a blood vessel includes the steps of establishing
a depth of a blood vessel puncture of a patient; loading an
introducer with a sponge pledget by hydrating and compress-
ing the pledget; loading the introducer over a guidewire posi-
tioned in the blood vessel by inserting the guidewire through
the hydrated and compressed pledget; and ejecting the
pledget adjacent the blood vessel puncture to facilitate hemo-
stasis while maintaining the guidewire in place.

[0015] In accordance with an additional aspect of the
present invention, a device for facilitating hemostasis of a
puncture in the wall of a blood vessel includes a staging
chamber for hydrating a sponge pledget in preparation for
delivery of the pledget into a patient to seal the puncture, a
delivery chamber for delivering the hydrated sponge pledget
to the puncture, and a plunger insertable into the delivery
chamber for ejection of the pledget from the delivery chamber
into a patient to seal the puncture in the blood vessel wall. A
distal end of'the staging chamber having a tapered lumen and
a proximal end of the delivery chamber connectable to the
distal end of the staging chamber for delivery of the pledget
from the staging chamber to the delivery chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Theinventionwill now be described in greater detail
with reference to the preferred embodiments illustrated in the
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accompanying drawings, in which like elements bear like
reference numerals, and wherein:

[0017] FIG. 1 is a top view of a blood vessel puncture
sealing kit;
[0018] FIG. 2 is a side cross sectional view of a punctured

blood vessel and a tract dilator for locating the puncture;
[0019] FIG. 3 is a side view of an introducer and pledget
prior to placement within the introducer;

[0020] FIG. 4 is a side view of an introducer having a
pledget positioned within the introducer staging chamber and
a syringe attached to the introducer;

[0021] FIG. 5 is a side view of the introducer and syringe
with the pledget hydrated and advanced to a delivery chamber
within the introducer;

[0022] FIG. 6 is a side cross sectional view of a punctured
blood vessel with the introducer and plunger positioned for
delivery of the pledget;

[0023] FIG. 7 is a side cross sectional view of a punctured
blood vessel with the pledget being deposited at the puncture
site;

[0024] FIG. 8 is a side cross sectional view of a punctured
blood vessel with a hydrated and kneaded pledget deposited
at the puncture site, the guidewire removed, and the delivery
system being withdrawn;

[0025] FIG. 9 is a side cross sectional view of a punctured
blood vessel with a hydrated and kneaded pledget facilitating
hemostasis of the puncture site;

[0026] FIG. 10 is a side cross sectional view of an alterna-
tive embodiment of an introducer;

[0027] FIG. 11 is across sectional view of a distal end of an
introducer according to another alternative embodiment hav-
ing a central channel for receiving the guidewire;

[0028] FIG. 12 is a cross sectional side view of a distal end
of an introducer with a connector for connecting a syringe;
[0029] FIG. 13 is a bottom view of a template for use in
forming a pledget;

[0030] FIG. 14 is a side view of the template of FIG. 13;
[0031] FIG.15isatop view of the template of FIG. 13 as it
is placed for cutting a piece of a sponge sheet for formation of
the pledget;

[0032] FIG. 16 is a bottom view of an alternative embodi-
ment of a template for use in forming a pledget;

[0033] FIG. 17 is a side view of the template of FIG. 16;
[0034] FIG.18is atop view of the template of FIG. 16 as it
is placed for cutting a piece from a sponge sheet for formation
of the pledget;

[0035] FIG. 19 is a bottom view of an alternative embodi-
ment of a template having creasing ribs;

[0036] FIG. 20 is an end view of the template of FIG. 19;
[0037] FIG. 21 is a side cross sectional view of a vent cap;
[0038] FIG.22isaside cross sectional view of the vent cap

of FIG. 21 positioned on the distal end of a delivery chamber;
[0039] FIG. 23 is a side cross sectional view of an alterna-
tive embodiment of a vent cap;

[0040] FIG. 24 is a side cross sectional view of the vent cap
of FIG. 23 positioned on a staging chamber;

[0041] FIG. 25 is a side view of a pusher for use in the
present invention having a proximal stop and a sliding luer;
[0042] FIG. 26 is a side cross sectional view of the distal
end of a pusher having a funnel shaped distal lumen;

[0043] FIG.27 s aside view partially in cross section of an
introducer with the pusher of FIG. 25;

[0044] FIG. 28a is a side cross sectional view of an intro-
ducer with a pusher having a rachet system;
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[0045] FIG. 285 is an enlarged view of the detail B of FIG.
28a showing the ratchet teeth and tab;

[0046] FIG. 28c¢ is a side cross sectional view of an intro-
ducer with a detent;

[0047] FIGS. 28d-f are side views of pushers for use with
the introducer of FIG. 28¢;

[0048] FIG. 29 is a top view of a pledget delivery system
including a two piece introducer with separate staging and
delivery chambers;

[0049] FIG. 30is aside view of the assembled introducer of
FIG. 29 for delivery of the pledget from a staging chamber to
the delivery chamber;

[0050] FIG. 31 is a side view of the delivery chamber with
the pusher connected to the delivery chamber for delivery of
the pledget;

[0051] FIG. 32 is a side view of the delivery chamber and
pusher after delivery of the pledget;

[0052] FIG. 33 is a side view of a distal end of the dilator
having a distal protrusion for strain relief;

[0053] FIG. 34 is a side view of a distal end of a dilator
having a distal lumen providing a strain relief feature;
[0054] FIG. 35 is a side cross sectional view of a pledget
with a rapidly dissolvable tip;

[0055] FIG. 36 is a side cross sectional view of a punctured
blood vessel with the pledget of FIG. 35 being deposited;
[0056] FIG. 37 is a schematic side view of a system for
delivering a pledget through a sheath; and

[0057] FIG. 38 is a schematic side view of an alternative
system for delivering a pledget through a sheath.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] An overthe wire delivery system delivers an absorb-
able sponge pledget in a hydrated condition to a blood vessel
puncture site to achieve hemostasis. One embodiment of the
over the wire delivery system includes a tract dilator 10, an
introducer 12, and a pusher 14, illustrated in kit form in FIG.
1. The system allows over the wire delivery of the absorbable
sponge material directly to the puncture site to achieve hemo-
stasis. Over the wire delivery ensures that the sponge material
is properly positioned to fully occlude the puncture. In addi-
tion, the absorbable sponge material is delivered in a hydrated
state which immediately expands to stop blood flow through
the puncture. The introducer allows the delivery of more
absorbable sponge material through a smaller tract by hydrat-
ing and compressing the absorbable sponge material.

[0059] Prior to discussing the present invention in further
detail, the following terms are defined:

[0060] “Pledget” means a piece of sponge formed into a
generally elongated shape having a size which allows deliv-
ery in a hydrated state through a delivery cannula or intro-
ducer to a site of a puncture in a blood vessel.

[0061] “Sponge” means a biocompatible material which is
capable of being hydrated and is resiliently compressible in a
hydrated state. Preferably, the sponge is non-immunogenic
and may be absorbable or non-absorbable.

[0062] “Absorbable sponge” means sponge which when
implanted within a human or other mammalian body is
absorbed by the body.

[0063] “Hydrate” means to partially or fully saturate with a
fluid, such as, saline, water, contrast agent, thrombin, thera-
peutic agents, or the like.

[0064] “Kneading” of the absorbable sponge material
means both dry and wet manipulation of sponge material
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which compresses, enlarges, or changes the shape of the
sponge material causing the sponge material to have
improved expansion response.

[0065] As shown in FIG. 1, the tract dilator 10, the intro-
ducer 12, and the pusher 14 may be provided to a medical
facility in the form of a kit or individually. The tract dilator 10
as illustrated in FIGS. 1 and 2 includes a distal tip 20, a
proximal end 22, and a lumen 24 extending from the distal tip
to the proximal end of the tract dilator. The lumen 24 is
provided to allow the tract dilator 10 to be received over a
guidewire 26 which extends through the puncture wound 100
into the blood vessel 102. The tract dilator 10 may have a
constant cross section or may taper slightly to a smaller diam-
eter at the distal tip 20. According to an alternative embodi-
ment, the tract dilator 10. may have a narrow shaft with an
enlarged distal tip. The distal tip 20 has rounded edges to
prevent catching on subcutaneous tissue 104 as the tract dila-
tor 10 is inserted through the skin 106 and tissue to the blood
vessel puncture site. The tract dilator distal tip 20 has a diam-
eter such that the tip of the tract dilator will not pass into the
blood vessel but will stop and provide tactile feedback when
it reaches the external blood vessel wall 102. Other embodi-
ments of tract dilators will be discussed below with respect to
FIGS. 33 and 34.

[0066] A depth indicator 30 is positioned around the tract
dilator 10 and is movable in an axial direction. Once the tract
dilator 10 has been inserted until the distal tip 20 abuts the
external wall of the blood vessel 102, as shown in FIG. 2, the
depth indicator 30 is manually positioned adjacent the
patient’s skin 106. Alternatively, the depth indicator 30 can be
pushed to a depth indicating position by the skin 106 as the
dilator is inserted. Preferably, the depth indicator 30 is an
elastic ring which is movable axially on the tract dilator 10
and maintains a measured position for comparison with the
introducer 12.

[0067] A side view of an introducer 12 is illustrated in
FIGS. 1 and 3. The introducer 12 includes a staging chamber
34 for receiving an absorbable sponge pledget 40 and a deliv-
ery chamber 36 for receipt of a hydrated and compressed
pledget from the staging chamber. A tapered section 38 is
provided between the staging chamber 34 having a larger
diameter lumen and the delivery chamber 36 having a smaller
diameter lumen. The tapered section 38 of the introducer 12
acts as a compression member to compress the hydrated
pledget 40 into the delivery chamber. The introducer 12 also
includes a luer fitting 42 at a proximal end for connection to
a conventional syringe and wing members 44 for use in grasp-
ing the introducer. A two part introducer having separate
delivery and staging chambers will be discussed below with
respect to FIGS. 29-31.

[0068] The absorbable sponge pledget 40 according to one
preferred embodiment of the invention is formed from a sheet
of absorbable sponge material which has been cut into a
rectangular shape and rolled to form a compact, substantially
cylindrical, elongated pledget. The pledget 40 is sized to be
received within the staging chamber 34 ofthe introducer 12 in
a dry rolled state. Templates for use in forming the pledget 40
are shown in FIGS. 13-20.

[0069] Once the pledget 40 has been inserted into the stag-
ing chamber 34 of the introducer 12, a conventional syringe
50 containing a hydrating fluid is connected to the luer fitting
42, as shown in FIG. 4. The pledget 40 is then hydrated within
the staging chamber 34 by injecting a fluid into the staging
chamber from the syringe 50 causing the pledget to swell,
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partially or fully blocking the lumen of the introducer. The
partial hydration or wetting of the exterior surface of the
pledget 40 creates a lubricous surface on the pledget. The
hydrated pledget 40 is then forced into the delivery chamber
36 by injecting additional fluid with the syringe 50 to force the
pledget through the tapered section 38 to the delivery cham-
ber 36. For a somewhat smaller pledget 40 which does not
entirely block the lumen of the introducer 12 after hydrating,
the venturi effect will help to draw the pledget into the deliv-
ery chamber 36.

[0070] Asshown in FIG. 5, a finger may be placed over the
distal end of the introducer 12 during. delivery of the pledget
40 to the delivery chamber 36 to prevent the pledget from
being ejected from the introducer by the pressure of the fluid.
Preferably, one or more vent holes 46 are provided. in the side
walls of the introducer adjacent the distal tip to allow air and
liquid to escape from the introducer while the pledget 40 is
positioned for delivery. These vent holes 46 are small enough
to prevent the pledget 40 from passing substantially into the
vent holes.

[0071] As an alternative to placement of a finger at the
distal end of the introducer 12 during advancement of the
pledget 40 into the delivery chamber, a removable vent cap
may be used as described below with respect to FIGS. 21-24.
Further, the vent holes 46 may be omitted and a screen ora cap
having a screen may be used to allow fluid to pass through the
screen while the screen prevents the pledget 40 from being
ejected.

[0072] Another alternative method for positioning the
pledget adjacent the distal end of the delivery chamber is to
provide a proximal vent hole in the side wall of the delivery
chamber. The proximal vent hole is positioned such that when
the pledget has moved to the distal end of the delivery cham-
ber, the pledget is substantially clear of the proximal vent
allowing additional injected fluid to pass out of the delivery
chamber through the vent. According to this method, the
proximal vent acts as a fluid release valve to prevent further
advancement of the pledget once the pledget has reached a
desired position.

[0073] The introducer 12 also includes a depth indicator 52
which is an axially movable member used to indicate the
depth to which the introducer should be inserted into the
patient to achieve the proper positioning of the pledget 40 at
the puncture site. The depth indicator 52 of the introducer 12
is aligned with the depth indicator 30 on the tract dilator 10 to
achieve proper pledget delivery positioning.

[0074] The introducer 12 may be formed in any known
manner such as by injection molding from a plastic material.
Preferably, the introducer 12 is transparent so that the pledget
40 can be viewed through the introducer and the user can
visually confirm the pledget position. The introducer lumen
may be provided with a friction reducing coating for
improved pledget delivery. The delivery fluid also reduces
friction for improved delivery by wetting the exterior surface
of the pledget.

[0075] The pusher 14, as illustrated. in FIG. 1, includes a
distal end 56 which is configured to slide within the lumen of
the delivery chamber 36 of the introducer 12. Preferably,
there is a very small clearance or a resilient interference
between the outer diameter at the distal end 56 of the pusher
14 and the inner diameter of the delivery chamber 36 to
prevent portions of the pledget from getting caught between
the pusher and the introducer 12. A resilient pusher distal end
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56 or a sealing member on the pusher 14 may be used to
accomplish or approach a resilient fit between the introducer
12 and the pusher.

[0076] The pusher 14 also may include a fitting 58 for
connecting the proximal end of the pusher to the proximal end
of the introducer 12. The fitting 58 acts as a stop to limit the
motion of the pusher 14 with respect to the introducer 12.
When the pusher 14 is locked to the introducer 12, the two
may be used together to apply localized compression to the
puncture site. A female luer fitting 60 may also be included at
the proximal end of the pusher 14 for connection of a syringe
to the pusher for injection of beneficial agent through the
pusher.

[0077] One method of delivering an absorbable sponge
pledget 40 to facilitate hemostasis of a blood vessel puncture
wound will now be described with respect to the steps illus-
trated in FIGS. 2-9. After an intravascular procedure has been
completed, a guidewire 26 is already in place passing through
the subcutaneous tissue into the blood vessel. Alternatively, if
a guidewire is not already in place the guidewire is inserted
through an access sheath used in the intravascular procedure
and the access sheath is then removed. The guidewire 26 is
maintained in place with a proximal end extending from the
patient’s body and a distal end extending through the skin 106
and subcutaneous tissue 104, through the blood vessel punc-
ture 100, and into the blood vessel 102. As discussed above,
the tract dilator 10 is threaded over the guidewire 26 and
advanced down through the subcutaneous tissue 104 to an
outside surface of the blood vessel 102. Resistance is felt
when the tract dilator distal tip 20 contacts the exterior of the
blood vessel and the tract dilator will not easily pass though
the vessel puncture 100 and into the vessel. The depth indi-
cator 30 on the tract dilator 10 is moved to abut the skin
surface 106 indicating a distance from the skin surface to the
blood vessel puncture site. The tract dilator 10 is then
removed over the guidewire 26 and the introducer depth
indicator 52 is aligned with the tract dilator depth indicator
30.

[0078] A sheet of absorbable sponge material is cut into a
rectangle, is rolled tightly to form a pledget 40, and is placed
into the staging chamber 34 of the introducer 12. The steps of
cutting and rolling the pledget 40 and placing the dry pledget
in the introducer staging chamber 34 may be performed
before or after the intervascular procedure. Alternatively, the
introducer 12 may be provided preloaded with a prepared
pledget 40. With the pledget 40 placed in the introducer, the
syringe 50 is filled with a hydrating fluid such as saline,
thrombin, contrast agent, other therapeutic agent, or the like
and attached to the introducer 12 as illustrated in FIG. 4. Fluid
is injected slowly into the introducer 12 to hydrate the pledget
40. The user then pauses to allow hydration and initial swell-
ing of the pledget 40. Sufficient hydration may occur in about
20 to 30 seconds or less depending on the size of the pledget
40.

[0079] As shown in FIG. 5, the user then places a finger
over the distal end of the introducer 12 and injects fluid with
the syringe 50 to force the pledget 40 through the tapered
section 38 and into the smaller end or delivery chamber 36 of
the introducer 12. Injection of fluid is stopped when the
pledget 40 is positioned at the distal end of the delivery
chamber 36. At this point the syringe 50 is removed and the
introducer is loaded over the proximal end of the guidewire 26
for the delivery of the pledget 40 to the puncture site.
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[0080] AsshowninFIG. 6, a proximal end of the guidewire
26 is fed into the distal end of the introducer 12 though the
hydrated and compressed pledget 40 and out the proximal end
of' the introducer. Preferably, the guidewire 26 is fed through
substantially the center of the pledget 40 to ensure that the
implanted pledget is centered over the blood vessel puncture
100. Alternatively, the guidewire may be inserted along a side
of the pledget 40, through a separate second lumen of the
introducer, through an axial lumen in the pledget, or through
a low density center of the pledget.

[0081] After feeding the guidewire 26 through the intro-
ducer, the guidewire 26 is fed through the pusher 14 and the
pusher is advanced into the introducer until the distal end 56
of'the pusher is in contact with the pledget 40. The introducer
12 and pusher 14 are then advanced together down though the
skin 106 and the subcutaneous tissue 104 until the depth
indicator 52 on the exterior of the introducer is at the skin
level.

[0082] Inthe step illustrated in FIG. 7, the pusher 14 is held
stationary while the introducer 12 is withdrawn proximally
preferably to a distance of about 75% of the length of the
compressed, hydrated pledget 40. This 75% withdrawal dis-
tance may be indicated with an appropriate marker on the
introducer 12 or the plunger 14 or by contact between the
fittings 42, 58 of the introducer and plunger. The portion of
the pledget 40 ejected into the tissue quickly expands upon
delivery to fill the available space and provide localized com-
pression. With the pusher 14 and introducer 12 in the position
illustrated in FIG. 7 and the pledget 40 partially ejected, a
slight forward pressure is maintained by the operator on the
introducer and pusher to increase local compression for a
period of time of approximately 1 minute to allow hemostasis
to begin. The forward pressure causes the pledget 40 to be
compressed around the puncture site, as shown in FIG. 7. The
guidewire 26 is then completely removed from the introducer
12 and the pusher 14. The introducer 12 is withdrawn the
remaining approximately 25% by engaging the fitting 58 of
the pusher with the female luer fitting 42 of the introducer to
completely discharge the pledget 40 into the subcutaneous
tissue 104 above the puncture site 100. A slight forward
pressure can then be maintained by the operator on the intro-
ducer 12 and pusher 14 for approximately 1 minute before the
introducer and pusher are removed from the tissue tract leav-
ing the absorbable sponge pledget 40 positioned against the
outer vessel wall, as shown in FIG. 9, providing local com-
pression and facilitating hemostasis. The delivered pledget 40
maintains hemostasis until healing of the blood vessel 102
occurs. The pledget 40 is absorbed by the body over time.

[0083] One type of absorbable sponge material which is
acceptable for use in the present invention is Gelfoam, manu-
factured by the Upjohn Company. Gelfoam is a porous, pli-
able, cross-linked gelatin material and is available commer-
cially in sheet form as pre-compressed or non-compressed
sponge. The material may be provided preformed as a pledget
40 or may be cut with a punch, or a stencil or template and
knife and rolled to form a pledget as described above. Once
hydrated, the pledget 40 can be easily compressed to fit into a
lumen having a smaller cross sectional area than the original
cross sectional area of the pledget. Additionally, the kneading
of the hydrated pledget 40 during delivery encourages air
trapped within the Gelfoam to be expelled and replaced with
fluid, allowing rapid expansion upon delivery. When a
pledget 40 of a pre-compressed Gelfoam is hydrated and
kneaded (expelling air) during delivery, the pledget will have
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the absorption capacity to rapidly expand to many times (e.g.,
3 or more times) its original dry volume upon delivery. When
a pledget 40 of the non-compressed Gelfoam is hydrated and
kneaded (expelling air) during delivery, the pledget will have
the absorption capacity to rapidly expand to its original dry
volume upon delivery. These properties make the Gelfoam
sponge material particularly useful for facilitating hemostasis
of puncture wounds by injection.

[0084] Abrupt lumen diameter changes within the intro-
ducer 12, such as at the tapered section 38, will improve
“kneading” of the absorbable sponge material passing
through the introducer. Manipulation of the dry absorbable
sponge material, such as the rolling of the pledget 40, also
provides kneading. Kneading improves hydration of the
sponge material thereby improving the expansion properties
of the hydrated delivered absorbable sponge.

[0085] According to alternative embodiments of the intro-
ducer, enlarged, recessed, or irregular areas in the lumen of
the introducer are provided to impart additional kneading
action to the absorbable sponge material further improving
expansion properties of the sponge. FIG. 10 illustrates one
such alternative embodiment of the introducer 12a in which
the delivery chamber of the introducer is provided with two
enlarged areas 64. As the absorbable sponge pledget 40
passes through the enlarged areas 64 of the introducer 124, the
material expands and is compressed by the introducer to
increase kneading of the pledget. According to another alter-
native embodiment, the introducer may be provided with a
plurality of staggered irregularities for improved kneading of
the absorbable sponge pledget 40. The irregularities, enlarge-
ments, or recesses will preferably have a relatively smooth
surface to prevent the absorbable sponge material from
becoming caught as it passes through the introducer. Prefer-
ably, alength “I” between a distal end of the introducer 12 and
the distal most of the irregularities, enlargements, or recesses
is sufficient to accommodate the entire hydrated, compressed
pledget such that the pledget 40 will not become trapped
between the plunger and the enlargements.

[0086] Another alternative embodiment for improved
kneading of the pledget 40 includes features on the guidewire,
such as, irregularities, curves, bends, or the like. The
guidewire kneading features will improve kneading of the
pledget 40 as the guidewire 26 is inserted through the pledget.
[0087] In addition to kneading, pledget delivery is
enhanced by super hydration or rapid hydration of the pledget
at high pressure. Rapid hydration may be accomplished by
high pressure injection of a fluid into the introducer 12 while
placing a finger or vent cap over the distal end of the intro-
ducer. Super hydration can. also be achieved by placing the
introducer 12, with the pledget 40 inside, into a pressurized
container of fluid. Preferably, fluid pressures of 5 psi or
greater are used for super hydration of the sponge material.
This super hydration provides rapid and complete hydration
of the material in preparation for use.

[0088] The embodiment of FIG. 10 also includes a delivery
chamber 36a provided with internal barbs 66 which help to
retain the compressed pledget 40 positioned adjacent the
distal end of the introducer 12¢ while the guidewire 26 is
inserted through the pledget material. The internal barbs 66
are small enough to not cause interference with the passage of
the pusher. The barbs 66 help to hold the pledget 40 in place
as the guidewire 26 is inserted through the pledget. In addition
to or in place of the internal barbs 66, other features may be
used, such as ribs, a textured surface, holes, or the like. One
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example of an alternative structure for retaining the pledget
40 at the distal end of the introducer 12a during insertion of
the guidewire is a distal counterbore (not shown). The coun-
terbore may be formed by cutting a bore in from the distal end
of the introducer 12a which is coaxial with the introducer
lumen and has a diameter which is slightly larger than the
diameter of the introducer lumen. The counterbore may have
a length which is approximately the length of the pledget 40
or smaller. Preferably, the length of the counterbore is
approximately %3 to V2 the length of the pledget 40.

[0089] The barbs 66, counterbore, and other retention fea-
tures are particularly useful when using a conventional coiled
guidewire which creates a significant amount of friction when
threaded through the absorbable sponge material. Alterna-
tively, a smooth, solid shaft guidewire, a plastic sheathed
guidewire, or a hydrophilically coated guidewire can be used.
These smooth guidewires are more easily threaded through
the absorbable sponge material. A guidewire with a reduced
diameter proximal portion will also facilitate threading of the
guidewire 26 through the pledget 40.

[0090] As an alternative to the barbs 66 or a specially
designed guidewire, the plunger 14 can be used to hold the
pledget 40 in place during threading of the guidewire 26
through the pledget. A hydraulic back pressure can also be
created to hold the pledget 40 in place by blocking the proxi-
mal end of the introducer 12, such as by the user’s finger. Such
ahydraulic back pressure will help to hold the pledget in place
in the delivery chamber.

[0091] Although the use of a tract dilator 10 has been
described above, the introducer 12 can be used in place of the
dilator and the depth determining step can be performed
while inserting the introducer, particularly where a plastic
sheathed guidewire, other friction reducing guidewire, or
other friction reducing feature is used. The use of the intro-
ducer 12 as the dilator eliminates errors which may occur in
accurately setting the depth indicator 52 on the introducer.
[0092] According to one embodiment of the invention, the
pusher 14 is inserted within the introducer 12 and the luer
fitting 58 at the proximal end of the pusher is attached to the
luer fitting 42 on the introducer. This introducer/pusher sys-
tem is advanced over a guidewire into the tissue tract to
establish the location of the exterior wall of the blood vessel.
The exterior wall of the blood vessel is palpitated with the
introducer/pusher system and the depth indicator 52 on the
introducer is set at the skin level.

[0093] According to an alternative embodiment, an intro-
ducer/pusher system may be used for dilation in which the
pusher 14 or obturator used during dilation is different from
the pusher which is used for delivery of the pledget. The
pusher 14 for use during dilation preferably has a luer lock at
a proximal end which locks to the proximal end of the intro-
ducer 12 and has a length such that the distal ends of the
pusher and introducer are aligned. After setting of the depth
indicator 52, the system is then removed from the tissue tract
and the pusher 14 is removed from the introducer 12. The
introducer 12 is then prepared for delivery of the pledget 40
by hydrating and staging the pledget within the introducer.
The introducer 12 is then reintroduced over the guidewire and
advanced into the tissue tract to the depth indicated by the
depth indicator 52. In this manner, reliable, accurate, and
repeatable placement of the pledget 40 is performed without
the use of a separate tract dilator.

[0094] According to another embodiment of the invention,
the introducer is inserted to the pledget delivery site through
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a sheath. In this method, the sheath with a removable dilator
positioned inside the sheath is advanced over the guidewire
into a tissue tract to establish the location of an arterial punc-
ture site. Once the exterior wall of the vessel has been located
by palpating, the dilator is withdrawn leaving the sheath in
place. The introducer 12 with prepared pledget 40 and pusher
14 are then inserted into the sheath over the guidewire. The
introducer 12 may be locked to the sheath, such as by a luer
lock. This will position the distal end of the introducer 12 at
the distal end of the sheath in preparation for pledget delivery.
The combined sheath and introducer system is used to deposit
the pledget in the manner described above.

[0095] Alternatively, a sheath such as the sheath which was
used during the procedure may be used for delivery of the
pledget. For delivery of the pledget through the sheath, the
sheath is first. positioned adjacent the exterior of the blood
vessel either by palpating with the sheath and an internal
dilator or by any of the known visualization methods such as
fluoroscopy. The sheath may be preloaded with the pledget or
the pledget may be loaded after sheath positioning. The
pledget is delivered by inserting a plunger into the sheath and
withdrawing the sheath over the plunger to deposit the
pledget adjacent the exterior of the blood vessel.

[0096] Forpreloading the sheath with the pledget, a staging
chamber is attached to the proximal end of the sheath and the
pledget is advanced by fluid injection to the distal end of the
sheath. The pledget may be positioned properly by use of a
distal vent or vent cap which allows excess fluid to escape as
discussed above. Alternatively, a proximal vent may be pro-
vided in the sheath at a location which corresponds to a
proximal end of the pledget when the pledget is. positioned at
adistal end of the sheath. Once the pledget has been advanced
so the proximal end of the pledget is at or past the proximal
vent, the fluid will exit through the vent in the side of the
sheath preventing further advancement of the pledget. The
sheath with the pledget loaded at the distal end is then inserted
over the guidewire to the puncture site and a plunger is used
to deploy the pledget.

[0097] When the sheath is used for delivery of the pledget
without first removing the sheath from the tissue tract, the
sheath is withdrawn until a distal tip of the sheath is adjacent
the outer vessel wall. This can be determined by known visu-
alization techniques. The staging chamber is then attached to
the proximal end of the sheath and used to hydrate and
advance the pledget to the distal end of the sheath. The
pledget may be advanced through the sheath around or beside
the guidewire. Alternatively, the guidewire may be removed
before the pledget is conveyed into the sheath. A proximal
vent, as described above, is preferably used to position the
pledget at the distal end of the sheath. The pledget is then
delivered with the plunger.

[0098] A sheath 208 can also be used for delivery of the
pledget 40 without first removing the sheath from the vessel,
as shown in the embodiments in FIGS. 37 and 38. In this way,
the sheath 208 maintains hemostasis at the vessel puncture
site 210 while the distal end of the pledget 40 is positioned at
a depth corresponding to the outer surface of the vessel wall
212.

[0099] As shown in FIG. 37, the pledget 40 can be placed
directly into the sheath 208 such as by use of an introducer or
staging chamber. Preferably, a proximal vent 214 is provided
in the sheath 208 to position the pledget at a proper position
within the sheath. The pledget 40 is delivered to the sheath
and the proximal end of the pledget is positioned at a depth
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corresponding to the outer wall of the vessel 212. The proper
positioning of the sheath and the pledget is achieved by locat-
ing an imaging marker 216 on the sheath at an outer wall of
the vessel 212. The pusher 14 is then used to hold the pledget
40 stationary with respect to the vessel while the sheath 208 is
withdrawn from the puncture site 210.

[0100] FIG. 38 illustrates an alternative embodiment of a
sheath delivery system in which an introducer 12 is used to
deliver a pledget 40 into the sheath 208. As in the embodiment
of FIG. 37, the sheath 208 is maintained in the puncture site
210 during delivery of the pledget into the sheath. The intro-
ducer 12 may be inserted into the sheath 208 and secured to
the sheath in a known manner such that the distal end of the
pledget 40 is positioned at a depth corresponding to the outer
surface of the vessel wall 212. The proper positioning may be
determined by imaging a marker on the sheath 208 that cor-
responds to the distal end of the introducer 12. Alternatively,
positioning can be determined by imaging either the intro-
ducer 12 or the pledget 40 if these elements are formed of an
imagable material. The plunger 14 is then used to hold the
pledget 40 in position with respect to the vessel wall 212
while the sheath 208 and introducer 12 are withdrawn from
the puncture site.

[0101] According to the embodiments of FIGS. 37 and 38,
the sheath 208 maintains hemostasis of the puncture site 210
until a distal tip of the sheath has exited the puncture site.
When the sheath exits the puncture site, the pledget 40 is
exposed and begins to provide hemostasis. When the entire
sheath 208 has been withdrawn the pledget is left within the
tissue tract and provides continued hemostasis.

[0102] FIG. 11 illustrates a cross section of a distal end of
an introducer 125 according to an alternative embodiment of
the invention in which a central lumen 70 is provided within
the introducer for receiving the guidewire 26. The central
lumen 70 allows the guidewire 26 to be inserted easily
through the pledget 40. According to this embodiment the
central lumen 70 is formed by a tube 72 which preferably
extends at least the length of the hydrated pledget 40 when the
pledget is positioned within the delivery chamber 3654. The
tube 72 is supported by one or more ribs 74 connected to the
exterior of the tube and to the interior wall of the introducer
125. The pledget 40 for use with this embodiment is either
formed with a generally U-shaped cross section to be accom-
modated in the U-shaped cross section of the delivery cham-
ber 365 or deforms during loading to surround the one or
more ribs 74 and tube 72.

[0103] FIG. 12 shows a proximal end of an introducer 12
connected to a specially designed connector 80 for connect-
ing the introducer to the syringe 50. The connector 80 is used
when the proximal end of the introducer 12 is larger in diam-
eter than the standard syringe fitting. The connector 80
includes a first end 82 for connection to the syringe 50 and a
second end 84 for connection to the introducer 12. In use, the
connector 80 is removed from the introducer 12. The pledget
40 is then inserted into the introducer 12 and the connector 80
is reattached. The syringe 50 is then connected to the connec-
tor 80 for injection of fluid into the introducer 12 to hydrate,
advance, and compress the pledget 40.

[0104] FIGS. 13-20 illustrate three different embodiments
of templates for use in cutting a piece of a desired size from a
sheet of sponge to form the pledget 40. FIG. 13 illustrates a
template 108 having a rectangular shaped recess 110 with
edges of the recess forming edge guides 112, 114. As shown
in FIG. 15, the edge guides 112, 114 of the recess 110 are
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placed against the edges of a sheet 116 of sponge material.
The template 108 is pressed downward and the sponge sheet
is cut along two edges 118, 120 of the template 108.

[0105] An alternative embodiment of a template 124 is
illustrated in FIG. 16-18. The template 124 includes a recess
126 with a single edge guide 127 and two pressure rails 128.
The pressure rails 128 help to securely hold the template 124
on the sponge sheet 116 during cutting along cutting edges
130, 132 of the template. Although the templates of FIGS. 13
and 16 are illustrated with two cutting edges, it should be
understood that the templates according to the present inven-
tion may include one or more cutting edges depending on the
size and shape of the sheet 116 from which the piece of
sponge material is to be cut. In addition, the templates may be
provided with up to three edge guides 112, 114, 127. The
templates are provided with recesses for ease of alignment of
the templates with the sheet of sponge material. However,
alignment may alternatively be provided by use of transparent
templates with edge markings or by alignment with the edges
of'thetemplate themselves. For example, the template may be
formed of the same size as the sponge piece to be cut without
any recess or edge guides.

[0106] FIGS. 19 and 20 show an alternative embodiment of
a template 136 having a recess 138 and creasing ridges 140.
The creasing ridges or ribs 140 will create creases in the
sponge material to assist in folding or rolling of the pledget
40. Any number of creasing ridges 140 may be used depend-
ing on the configuration of the pledget to be formed. For
example, creasing ridges 140 may be formed at evenly spaced
intervals across the entire template surface. The creasing
ridges 140 are preferably about 0.2 to 1.5 mm wide and about
0.5 to 2 mm high with a spacing of about 0.5 to 5 mm. The
creasing ridges 140 also help to prevent movement between
the template 136 and the sponge sheet 116 during cutting.
[0107] The templates 108, 124, 136 may be separate mem-
bers included in a puncture closure kit including the intro-
ducer and pusher or may be fixed to one of the members of the
puncture closure system. For example, the template may be
attached to a staging chamber of the introducer 12.

[0108] FIGS. 21 through 24 illustrate vent caps for assisting
in hydrating and staging pledgets within the delivery devices
of the present invention. The vent caps provide the ability to
more rapidly hydrate the pledget and provide the ability to
locate the pledget at a desired axial location within the deliv-
ery device.

[0109] One preferred embodiment of a vent cap 144 for use
on the distal end of the introducer 12 is shown in FIG. 21. The
vent cap 144 is received over the distal end of the introducer
12, as shown in FIG. 22, with a rim 146 of the cap forming a
friction fit with an exterior surface of the introducer. The vent
cap 144 includes an interior dome 148 having a vent hole 150.
Although the vent hole 150 has been illustrated in a center of
the dome 148, the vent hole may be located at other positions
or may be provided between the vent cap 144 and the distal
end of the introducer 12. The vent hole 150 allows the opera-
tor to apply high pressures with the syringe to the interior of
the introducer 12 and allows air and fluid to exit through the
vent hole. This high pressure can be used to drive the pledget
40 to the distal end of the introducer and to drive fluid into the
pledget causing very rapid hydration of the pledget material.
High pressure is intended to mean pressures of about 5 psi or
greater. The interior dome 148 allows a distal end of the
pledget 40 to be positioned just distal of the distal end of the
introducer 12. The vent cap 144 can be removed and the
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introducer 12 is then inserted over the proximal end of the
guidewire and advanced to the puncture site. The pledget
material extending from the distal end of the introducer 12
provides a rounded surface for assisting in passing the intro-
ducer through the layers of tissue to the blood vessel puncture
site.

[0110] The shape of the interior dome 148 of the vent cap
144 may be modified to achieve different positions of the
distal end of the pledget with respect to the distal end of the
introducer 12. For example, if the pledget is to be contained
completely within the introducer 12, an inverted dome, cone,
or cylinder shaped vent cap may be used in which the dome,
cone, or cylinder extends partially into the distal lumen ofthe
introducer 12. Alternatively, if the pledget is to be positioned
at the distal end of the introducer 12, the interior of the vent
cap may be flat.

[0111] FIG. 23 illustrates an alternative embodiment of a
vent cap 156 which is particularly configured for use with the
separate staging chamber 170 of the introducer shown in FIG.
29. The vent cap 156 preferably includes a luer fitting 158
which is attachable to a distal end of the staging chamber 170.
The vent cap 156 includes a finger 160 which extends to or
into a distal end of the staging chamber 170. The finger 160
has a central vent 162. The use of the vent cap 156 with the
finger 160 allows the pledget 40 to be held within the large
diameter portion of the staging chamber 170 for quick and
easy hydration of the pledget. The vent finger 160 functions to
hold the pledget 40 within the large diameter portion of the
staging chamber 170 while injection of fluid by the syringe is
utilized to begin to hydrate the pledget and remove air from
the staging chamber. The partially hydrated pledget moves
forward to block the vent 162. If the vent 162 has not been
entirely blocked by the pledget, the venturi effect will help
draw the pledget toward the vent. Once the vent 162 is
blocked, high pressure can be used to drive fluid into the
pledget, causing very rapid hydration or super hydration of
the pledget material. Although the vent 162 has been illus-
trated in the center of the finger 160, the vent may be located
at other positions or may be provided between the vent cap
156 and the staging chamber 170.

[0112] For a delivery system employing the introducer 12
as illustrated in FIG. 1, a vent cap similar to that illustrated in
FIG. 23 with an elongated finger 160 may be used. The
elongated finger extends all the way to the staging chamber 34
to hold the pledget 40 within the staging chamber during
hydration. After hydration ofthe pledget 40 within the staging
chamber 34, the vent cap with the elongated vent finger is
removed and the pledget is advanced into the delivery cham-
ber.

[0113] According to an alternative embodiment, a cap
without a vent can be used for hydration. The ventless cap acts
as a plug to allow hydration by forcing fluid into the intro-
ducer which is oriented in a downward direction. Air dis-
placed from the pledget and introducer escapes upward into
the syringe during hydration. In addition, two of the vent caps
can be connected in a single member when used with the same
system.

[0114] FIG. 25 illustrates an alternative embodiment of a
pusher 164 having a proximal stop 166 and a sliding luer 168
or other sliding fitting. The proximal stop 166 is provided
proximal to an enlarged diameter distal portion 172 of the
pusher 164. The sliding luer 168 is provided with an axial
through hole having a diameter which is greater than a diam-
eter of a proximal shaft 174 of the pusher 164 and smaller than
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the diameter of the proximal stop 166. The sliding luer 168 or
other sliding fitting is configured to be attached to a proximal
end of the introducer 12 or of a delivery chamber portion of a
two part introducer. Once the sliding luer 168 has been
attached to the introducer, the proximal movement of the
pusher shaft 174 relative to the introducer is limited by the
proximal stop 166 abutting the distal face of the sliding luer
168. This configuration of the pusher 164 is illustrated most
clearly in FIG. 27 in which the pusher is illustrated as it is used
with the introducer 12. The pusher 164 is illustrated in FIG.
27 prior to connection of the sliding luer 168 to the mating
luer 42 on the introducer 12. When the mating luer 42 is
locked to the sliding luer 168, the pledget 40 is confined
between the distal end of the pusher 164 and the vent cap 144
which has been used to stage the pledget. Once the vent cap
144 is removed, the system is ready for delivery of the pledget
40 by advancing the system including the introducer 12 and
the pusher 164 over a guidewire to the target site. Because the
proximal movement of the pusher 164 is preset by the proxi-
mal stop 166, the pledget 40 cannot be displaced proximally
during advancement over the guidewire. The pusher 164 also
includes a proximal luer 176 which can be attached to the
sliding luer 168 after delivery of the pledget 40. The intro-
ducer and pusher system can then be used to apply pressure to
the pledget for local compression until hemostasis is
achieved.

[0115] The proximal stop 166 has been described as formed
by an enlarged diameter portion of the pusher 164. However,
the proximal stop may also be provided by a disk or other
protruding member on the pusher shaft or by a detent and
corresponding projection.

[0116] According to an alternative embodiment of the
invention, the functions of the sliding luer 168 and proximal
stop 166 can be achieved with other features. For example,
one or more detents, reliefs, or ratchet teeth provided on the
pusher shaft may engage corresponding features on the intro-
ducer to locate the pusher at a desired position and prevent
proximal movement of the pusher. FIGS. 28a-f illustrate
examples of these systems.

[0117] FIGS. 28a and 285 illustrate an alternative embodi-
ment of an adjustable proximal stop employing a ratchet
mechanism. As shown in FIG. 284, the introducer 12 includes
one or more tabs 210 which engage ratchet teeth 212 on the
pusher 14 to limit proximal motion of the pusher after inser-
tion. This system improves deployment control by allowing
the pusher position to be maintained at any point during
deployment. The ratchet teeth 212 extend along at least a
portion of the shaft of'the pusher 14. One or more ratchet tabs
210 interact with the teeth 212 of the pusher, as shown most
clearly in FIG. 285.

[0118] FIG. 28a illustrates the use of the ratchet system to
position the pusher 14 adjacent the proximal end of the
pledget 40 and trap the pledget between the pusher and the
vent cap 144 in preparation foruse. Thus, the ratchet teeth 212
allow the system to accommodate pledgets 40 of varying
sizes. The ratchet system can also provide for partial deploy-
ment of the pledget 40 while continuing to provide resistance
to proximal motion of the pusher 14. This can be beneficial for
example, for guidewire removal and/or system advancement
with the pledget 40 in a partially deployed state.

[0119] Although the ratchet tabs 210 have been illustrated
on the introducer 12 and the ratchet teeth 212 have been
illustrated on the pusher 14, these elements may also be
reversed. The ratchet teeth and tabs may also be provided on
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other portions of the system that interact, such as handles,
luers, locks, or the sliding luer illustrated in FIG. 25.

[0120] FIGS. 28c-fillustrate systems having other features
for resistance to axial sliding of the pusher 14. As shown in
FIG. 28¢, the introducer 12 is provided with one or more
detents 214. The constant diameter pusher 144 of FIG. 284 is
engaged by the detent 214 and provides a friction fit.

[0121] FIGS. 28¢ and 28/ show alternative embodiments of
pushers 14e, 14/ having features which snap over the detent
214. These features include the grooves 216 and the proximal
stop 218. The detent 214 can advantageously provide tactile
feedback of pusher location to the user. As with the embodi-
ment of FIG. 284 employing ratchet teeth and tabs, the detent
214 and corresponding features may be located on different
parts of the system.

[0122] FIG. 26 illustrates one preferred embodiment of the
distal end of the pusher 164 having an interior funnel 178 for
ease in loading the pusher over a guidewire. As a proximal
end of the guidewire is advanced into the pusher 164, the
distal funnel 178 guides the guidewire smoothly into the
lumen of the pusher. The distal funnel 178 provides a particu-
lar advantage for facilitating blind loading of the pusher 164
over a guidewire when the pusher is already positioned within
the introducer 12 or another delivery system.

[0123] Although the relative motion of the pusher 14 and
the introducer 12 has been described as provided manually,
this motion may also be provided by an automatic or spring
loaded actuation mechanism.

[0124] FIGS. 29-32 illustrate one preferred delivery system
according the present invention in which the introducer is a
two part introducer including a separate staging chamber 170
and a delivery chamber 180. The entire delivery system of
FIG. 29 preferably includes the staging chamber 170, the
delivery chamber 180, the pusher 164, and one or more vent
caps for the staging and/or delivery chambers such as those
illustrated in FIGS. 21 and 23. According to this embodiment,
the staging chamber 170 is used with the vent cap 156 of F1G.
23 and a syringe for hydration of the pledget 40 within the
staging chamber. The vent cap 156 is then removed from the
staging chamber 170 and the staging chamber is connected to
the delivery chamber as illustrated in FI1G. 30. The pledget 40
is advanced from the staging chamber 170 to the delivery
chamber 180 by attaching a syringe to a luer fitting 184 at the
proximal end of the staging chamber and providing the vent
cap 144 on the distal end of the delivery chamber 180. With
this assembly, the hydrated pledget is advanced to the distal
end of the delivery chamber 180. The staging chamber 170 is
then removed from the delivery chamber 180 in preparation
for pledget delivery.

[0125] Asshown in FIG. 31, the pusher 164 is inserted into
the delivery chamber 180, the sliding luer 168 is fixed to a
distal luer 186 of the delivery chamber, and the vent cap 144
is removed. This system is used as previously described to
deliver the pledget 40 over a guidewire to a delivery site.
[0126] FIG. 32 illustrates the delivery system of FIG. 31
after the pledget 40 has been delivered by relative movement
between the pusher 164 and the delivery chamber 180. As
shown in FIG. 32, the proximal luer 176 of the pusher 164 is
engaged with the sliding luer 168 and the system may be used
to apply pressure in the direction of the arrow P to provide
local compression and promote hemostasis. The delivery sys-
tem employing separate staging and delivery chambers 170,
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180 provides the advantage of a shorter delivery system
which can be handled more easily and used with shorter
guidewires.

[0127] The two component introducer system also allows
components to be mixed and matched. For example, one
staging chamber 170 maybe used with multiple delivery
chambers 180 of different sizes. In addition, the staging and
delivery chambers can be formed of different materials for
their different material properties. For example, it may be
desirable to have a transparent plastic staging chamber 170 so
that the user can view the pledget within the staging chamber
and determine when the pledget has been completely
hydrated. It may also be desirable to have a delivery chamber
180 formed of stainless steel or other opaque material which
is strong, relatively thin, and less expensive to manufacture.
[0128] FIGS. 33 and 34 illustrate alternative embodiments
of dilators having distal ends with dilator strain relief fea-
tures. Conventional dilators have distal ends with relatively
blunt or spherical shapes and having dilator lumens which
extend through the length of the dilator and are sized to
accommodate a guidewire. When these dilators are advanced
into an access tract, the leading blunt or rounded edge of the
dilator often encounters tissue layers within the subtutaneous
tissue that require substantial force to advance the dilator
through these layers. A difficult tissue layer may yield both
axially and laterally under the load applied by the dilator.
Lateral movement of the dilator can cause significant deflec-
tion of the guidewire and often results in a kinked guidewire.
This increases the challenge of properly introducing the dila-
tor into the tissue tract.

[0129] FIG. 33 illustrates a dilator 190 having a flexible
distal extension 192 with a diameter which is much smaller
than an outer diameter of the dilator. For example, the dilator
190 may have a diameter of about 3 to 5 mm while the
extension 192 has a diameter of about 1 to 2 mm. The small
diameter flexible distal extension 192 helps to guide the
guidewire into the dilator 190 and reduces the stress concen-
tration on the guidewire when difficult tissue layers are
encountered.

[0130] Another alternative embodiment of a dilator 196 is
illustrated in FIG. 34 in which a funnel shaped lumen 198 at
a distal end of the dilator provides a guidewire strain relief
feature. The enlarged distal opening 200 of the dilator 196
allows some guidewire deflection to occur without kinking
the guidewire as the dilator is advanced over the guidewire.
The funnel shaped lumen 198 also allows easier passage of
kinked guidewires.

[0131] Among other advantages, the absorbable sponge
delivery system according to the present invention permits the
delivery of more absorbable sponge material down a smaller
tract by hydrating and compressing the absorbable sponge
material. The over the wire delivery method ensures that the
absorbable sponge pledget 40 is delivered directly over the
puncture site and remains in the proper position while hemo-
stasis is achieved The vessel depth indicator system ensures
that the absorbable sponge material is positioned adjacent the
exterior of the blood vessel and does not extend into the blood
vessel to possibly induce thrombosis. The kneading of the
absorbable sponge material during rolling of the dry sponge
and while hydrated and passing through the introducer
improves the expansion properties of the sponge material.
[0132] The absorbable sponge material can be absorbed by
the body in a period of time between several days and several
months depending on the absorbable sponge material used. A
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pledget 40 formed of commercially available Gelfoam mate-
rial will be absorbed by the body within 1 to 6 weeks. How-
ever, the pledget material may be engineered to provide dif-
ferent rates of absorption. For example, Gelfoam can be
designed to be absorbed at different rates by varying the
degree of cross-linking. Preferably, the pledget 40 is designed
to be absorbed in less than one month.

[0133] Although the invention is primarily intended for
delivery of absorbable sponge, non-absorbable sponge may
also be delivered with the devices, systems, and methods of
the present invention. A non-absorbable sponge may be desir-
able where it will be necessary to locate the blood vessel
puncture after the procedure.

[0134] Although the pledget 40 has been described as
formed from a rectangular shaped piece of an absorbable
sponge material which is rolled into a cylindrical shape, the
pledget may also be formed in different shapes and rolled
from different shaped sheets. For example, the pledget 40
may be preformed in a variety of cross sections including
circular, rectangular, star, or other multi-sided shape. The
pledget 40 may have a folded cross section and may have
through or blind holes formed in the dry pledget. In addition,
the pledget size and shape can be matched to the size and
shape of a particular delivery site.

[0135] While an amorphous or discontinuous sponge struc-
ture may be used in the present invention, a continuous struc-
ture of the delivered absorbable sponge pledget 40 provides
more secure and reliable placement of a plug of material
against the blood vessel puncture than a paste or liquid. The
continuous sponge structure can even facilitate partial with-
drawal, removal, or movement of the ejected pledget.

[0136] In accordance with one aspect of the invention, the
absorbable sponge material can be hydrated with a clotting
agent such as thrombin, a contrast agent, another beneficial
agent, a combination of agents, or the like. Alternatively, the
pledget material itself may contain an agent such as a clotting
agent, a contrast agent, another beneficial agent, a combina-
tion of agents, or the like.

[0137] The absorbable sponge pledget 40 may be pre-
soaked with a beneficial agent such as thrombin for delivery
of the beneficial agent to the punctured blood vessel. Alter-
natively, the pledget 40 may be hydrated with a beneficial
liquid agent used as the hydrating fluid within the syringe 50.
Further, the beneficial agent may be delivered to the pledget
40 after the pledget is ejected at the blood vessel puncture site
through the lumen of the pusher 14 or through the introducer
12.

[0138] The treatment of a blood vessel puncture with a
hydrated and injected pledget 40 of absorbable sponge to
facilitate hemostasis provides substantial advantages in com-
fort over external pressure methods. In addition, the present
invention also provides advantages over the insertion of an
absorbable sponge material in a dry state or injection of a
liquid or paste. In particular, the hydration and manipulation
or “kneading” of the hydrated Gelfoam pledget 40 as it is
passed through the introducer 12 improves the expansion and
absorption characteristics of the Gelfoam. The injected Gel-
foam conforms in shape quickly to the shape of the puncture
site and immediately begins blocking blood flow through the
puncture site and providing local compression. In contrast, a
dry piece of sponge material does not swell until the blood has
sufficiently saturated the sponge material, which can take up
to hours. The hydrated and kneaded sponge material will



US 2010/0036414 Al

expand to a larger size much more quickly when wetted than
a piece of dry sponge material when wetted.

[0139] Because the amount of subcutaneous fat and tissue
between the skin 106 and the blood vessel 102 varies between
patients from approximately 0.5 cm to 15 cm or more the
system may be provided in different lengths for use in differ-
ent patients. The pledget 40 size and shape may also be varied
for different patients. The absorbable sponge material should
form a complete plug over the puncture site without expand-
ing into the blood vessel or exiting the skin of the patient. In
some instances where the amount of subcutaneous tissue is
great it may be desirable to deliver multiple pledgets 40 in
spaced apart positions along the tract leading to the puncture
site.

[0140] The particular size and shape of the introducer 12
may vary depending on the size of the access site, amount of
subcutaneous tissue, and the size of pledget 40 to be deliv-
ered. According to one example of the present invention, a
pledget 40 is formed from a rectangular piece of pre-com-
pressed Gelfoam approximately 2 by 3 cm with a thickness of
0.15 cm. The Gelfoam is rolled or folded into a pledget having
alength of approximately 3 cm. An introducer 12 for delivery
of'this pledget to a patient with an average amount of subcu-
taneous tissue has a staging chamber length of about 2.5 to 6
cm, preferably approximately 3 cm, a staging chamber inner
diameter of about 0.12 to 1.5 cm, preferably approximately
0.4 cm, and a delivery chamber 36 which is typically longer
than the staging chamber and has an inner diameter smaller
than that of the staging chamber of about 1 cm or less, pref-
erably approximately 0.33 cm or less. The particular length of
the delivery chamber 36 depends on both the subcutaneous
tissue depth of the patient and the linear expansion of the
pledget 40 as it moves from the staging chamber 34 to the
delivery chamber. An angle made by a wall of the tapered
section 38 with a longitudinal axis of the adaptor 12 may vary
from about 5.degree. to 90.degree., but is preferably between
about 30 and 60.degree., more preferably approximately
45.degree. The tapered section 38 is illustrated with a sub-
stantially planar interior surface, when shown in cross sec-
tion. However, the tapered section 38 may also have a convex
or concave surface in cross-section. This example of pledget
40 and introducer 12 configurations is merely exemplary of
the present invention.

[0141] Inaccordance with an alternative embodiment of the
invention, the pledget 40 may be provided with a rapidly
dissolvable tip extending from a distal end of the pledget.
Examples of rapidly absorbable or dissolvable tip materials
include water-soluble, biocompatible, non-toxic, and prefer-
ably non-immunogenic polymers such as poly vinyl alcohol
(PVA) and ploy vinyl pyrrolidone (PVP). Other examples
could include gelatin derived from porcine or bovine sources.
Still other possible tip materials could include, but are not
limited to, poly lactic-glycolic acid, poly(proline), ploy(eth-
ylene oxide) and carbowaxes, methyl cellulose, carboxym-
ethyl cellulose, poly(acrylic acid), poly(hydroxyethyl meth-
acrylate), poly(acrylamide), natural plant gums, and poly
(methyl vinyl ether-maleic anhydride).

[0142] FIGS. 35 and 36 illustrate a pledget 40a with a
rapidly dissolvable tip 200. The rapidly dissolvable tip 200 is
arranged to extend slightly into the blood vessel 102 and will
provide an additional locating mechanism which will hold the
pledget at the proper position over the puncture after the
guidewire is removed as shown in FIG. 36. Preferably, the tip
200 extends from the end of the pledget a length not shorter
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than one wall thickness of the target vessel and not exceeding
one wall thickness plus the lumen diameter of the target
vessel. Dissolution rates are preferably sufficient to facilitate
complete absorption of the rapidly dissolvable tip in the
lumen within time periods as short as one minute and not
exceeding 72 hours. Preferably, the pledget with the dissolv-
able tip can also be inserted without the use of the guidewire
26 and the dissolvable tip can serve the locating function of
the guidewire for accurately positioning the pledget over the
blood vessel puncture.

[0143] The rapidly dissolvable tip 200 may be formed from
a thin walled tube which extends from an end of the pledget.
For example, the thin walled tube may be rolled within the
pledget. The guidewire may be threaded through the thin
walled tube of the dissolvable locating tip or along one side
the locating tip.

[0144] As an alternative to the dissolvable tip 200, the
locating tip may be formed of a non-dissolvable material and
may be removable. For example, the removable tip material
may extend through the pledget and all the way to the skin
surface. The tip may be withdrawn after a predetermined time
when the locating function of the tip is no longer needed.
[0145] While the invention has been described in detail
with reference to the preferred embodiments thereof, it will
be apparent to one skilled in the art that various changes and
modifications can be made and equivalents employed, with-
out departing from the present invention.

1. (canceled)
2. A method for facilitating hemostasis of a puncture in the
wall of a blood vessel using a sheath positioned in a tissue
tract for an intravascular procedure, the method comprising:
maintaining the sheath within the blood vessel puncture of
a patient after the intravascular procedure;

withdrawing the sheath proximally along the tissue tract
until a distal tip of the sheath is outside of the blood
vessel;
loading a sponge pledget into the sheath until a distal end of
the pledget is positioned at a location corresponding to
an outside wall of the blood vessel puncture; and

withdrawing the sheath to deposit the pledget adjacent the
blood vessel puncture to facilitate hemostasis.

3. The method according to claim 2, wherein the pledget is
inserted directly into the sheath and is held in place by a
plunger.

4. The method according to claim 2, wherein the pledget is
loaded into the sheath by inserting an introducer containing
the pledget into the sheath.

5. The method according to claim 2, wherein the position-
ing of the sheath is confirmed by imaging a marker on the
sheath.

6. The method according to claim 3, wherein the withdraw-
ing step further includes withdrawing the sheath over the
plunger to deposit the pledget adjacent the blood vessel to
facilitate hemostasis.

7. The method according to claim 4, wherein inserting the
introducer into the sheath includes securing the introducer to
the sheath.

8. The method according to claim 2, wherein the sheath
includes a proximal vent used to position the pledget at a
proper position within the sheath.

9. The method according to claim 6, wherein the pusher
holds the pledget in place as the sheath is withdrawn.

10. The method according to claim 4, wherein the position-
ing of the sheath is confirmed by imaging the introducer.
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11. The method according to claim 4, wherein the position- 14. The method according to claim 7, wherein the intro-
ing of the sheath is confirmed by imaging the pledget. ducer includes a plunger disposed therein.
12. The method according to claim 4, wherein the intro- 15. The method according to claim 14, wherein the with-
ducer includes a plunger disposed therein. drawing step further includes holding the pledget in place
13. The method according to claim 12, wherein the with-  with the plunger as the sheath and the introducer are with-
drawing step further includes holding the pledget in place drawn from the puncture site.

with the plunger as the sheath and the introducer are with-
drawn from the puncture site. ok ow R



