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BALLOON BAILOUT AND BIOADHESIVE DELIVERY DEVICE FOR
SUTURE BASED CLOSURE AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of the filing date of United States

Provisional Application No. 61/693,148, filed August 24, 2012, and entitled BALLOON

BAILOUT AND BIOADHESIVE DELIVERY DEVICE FOR SUTURE BASED CLOSURE

AND METHODS, the disclosure of which is incorporated, in its entirety, by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to methods and systems for sealing

tissue punctures, and more particularly, to methods and systems for temporarily occluding fluid

flow during a procedure to close the tissue puncture.

BACKGROUND

[0003] Various surgical procedures are routinely carried out intravascularly or

intraluminally. For example, in the treatment of vascular disease, such as arteriosclerosis, it is a

common practice to access the artery and insert an instrument (e.g., a balloon or other type of

catheter) to carry out a procedure within the artery. Such procedures usually involve the

percutaneous puncture of the artery so that an insertion sheath may be placed in the artery and

thereafter instruments (e.g., catheters) may pass through the sheath to an operative position

within the artery. Intravascular and intraluminal procedures unavoidably present the problem of

stopping the bleeding at the percutaneous puncture after the procedure has been completed and

after the instruments (and any insertion sheaths used therewith) have been removed. Bleeding



from puncture sites, particularly in the case of femoral arterial punctures, is typically stopped by

utilizing vascular closure devices.

[0004] While there are a variety of prior art devices and techniques for closing such

punctures, one method includes temporarily sealing the tissue puncture intravascularly using an

inflation balloon. A sealing material may be delivered to an outer surface of the tissue to seal the

tissue puncture while the temporary seal from the balloon is maintained. Sutures may be used to

hold closed the tissue puncture, particularly when dealing with large bore tissue punctures.

SUMMARY

[0005] One aspect of the present disclosure relates to a vascular closure assembly

configured to seal a puncture in a vessel. The vascular closure assembly includes a balloon

location device and a sealant delivery device. The balloon location device includes an inflation

tube and an inflatable balloon positioned at a distal end of the inflation tube and operable, when

inflated, between a first position blocking blood flow through the vessel and a second position

sealing the puncture from within the vessel. The sealant delivery device includes a sealant

delivery tube having a first lumen sized to advance over the inflation tube to the puncture, and a

second lumen configured to deliver a volume of sealant to the puncture. The first lumen includes

a rapid exchange port.

[0006] The balloon location device may include a collar positioned proximal of the

inflatable balloon, wherein the collar defines a distal position stop for the sealant delivery device.

The balloon location device may include a detachable tip positioned at a distal end of the

inflation tube, wherein the detachable tip is detachable within the volume of sealant delivered to

the puncture upon withdrawal of the balloon location device from the puncture. The sealant



delivery device may include an expandable portion positioned proximal of the rapid exchange

port, wherein the expandable portion is radially expandable to create a radial seal with a

percutaneous incision through which the puncture is accessible.

[0007] The vascular closure device may also include a suture placement device

operable to position at least one suture across the puncture prior to positioning the balloon

location device within the vessel. The suture placement device may position at least one suture

through a sidewall of the vessel on opposite sides of the puncture. A knot in the at least one

suture may be used to partially seal the puncture while the balloon location device is positioned

extending through the puncture.

[0008] Another aspect of the present disclosure relates to a method of closing a

puncture in a vessel. The method includes providing a balloon location device having an

inflation tube and an inflatable balloon positioned at a distal end of the inflation tube, a sealant

delivery device, and a suture placement device. The method also includes positioning at least

one suture across the puncture with the suture placement device, inserting the balloon through

the puncture, inflating the balloon and positioning the inflated balloon in the vessel to occlude

blood flow through the vessel, and at least partially sealing the puncture with the at least one

suture. The method also includes withdrawing the inflated balloon against an inner surface of

the vessel to temporarily seal the puncture, advancing the sealant delivery device along the

balloon location device to the puncture, delivering a first volume of sealant through the sealant

delivery device to the puncture to seal the puncture, and removing the balloon location device

through the first volume of sealant.

[0009] The sealant delivery device may include a rapid exchange port, and the

method further comprises mounting the sealant delivery device to the balloon location device at



the rapid exchange port. The method may include expanding a portion of the sealant delivery

device within a percutaneous incision leading to the puncture to seal an entrance to the

percutaneous incision. The method may include depositing a detachable tip of the balloon

location device within the first volume of sealant. The method may include depositing a second

volume of sealant proximal of the first volume of sealant.

[0010] The method may also include advancing a sheath through the puncture to

enlarge the puncture, and inserting the balloon through the puncture includes advancing the

balloon location device through the sheath. The method may include removing the sheath from

the puncture prior to at least partially sealing the tissue puncture with the at least one suture. The

method may include providing a suture placement device, positioning at least one suture across

the tissue puncture with the suture placement device, and tying the at least one suture to partially

seal the puncture while the balloon location device is positioned extending through the puncture.

[0011] Another aspect of the present disclosure relates to a method of sealing a

puncture accessible through a percutaneous incision. The method includes providing a balloon

location device having an inflatable balloon, a sealant delivery device having first and second

lumens, and a suture placement device. The method also includes positioning at least one suture

across the tissue puncture with the suture placement device, inserting the balloon through the

puncture and into the vessel, tying the at least one suture to partially seal the puncture while the

balloon location device is positioned extending through the puncture, inflating the balloon and

withdrawing the inflated balloon against an inner surface of the vessel to temporarily seal the

puncture, advancing the sealant delivery device along the balloon location device to the

puncture, delivering a first volume of sealant through the sealant delivery device to the puncture



to seal the puncture, and removing the balloon location device through the first volume of

sealant.

[0012] The method may include positioning the inflated balloon in the vessel to

occlude blood flow through the vessel before tying the at least one suture. The sealant delivery

device may include a rapid exchange port, and the method includes mounting the sealant

delivery device to the balloon location device with the rapid exchange port. The balloon location

device may include a positioning collar positioned proximal of the balloon and arranged to

provide a distal position stop for the sealant delivery device when being advanced along the

balloon location device. The method may include radially expanding the sealant delivery device

within the percutaneous incision to create a temporary seal with an internal surface of the

percutaneous incision. The method may include expanding the puncture with a sheath,

advancing the balloon location device through the sheath, and withdrawing the sheath out of the

puncture and percutaneous incision prior to tying the at least one suture.

[0013] The foregoing and other features, utilities, and advantages of the invention

will be apparent from the following detailed description of the invention with reference to the

accompanying drawings.

> t

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings illustrate various embodiments of the present

disclosure and are a part of the specification. The illustrated embodiments are merely examples

of the present disclosure and do not limit the scope of the invention.

[0015] FIG. 1 shows an example vascular closure system in accordance with the

present disclosure.



[0016] FIG. 1A is a cross-sectional view of a balloon inflation device of the vascular

closure system of FIG. 1.

[0017] FIGS IB and 1C are cross-sectional views of a sealant delivery device of the

vascular closure system of FIG. 1

[0018] FIG. 2 is a side view of a suture placement device of the vascular closure

system of FIG. 1 inserted through a vessel puncture.

[0019] FIG. 3 shows the suture placement device of FIG. 2 operating to place sutures

across a wall of the vessel.

[0020] FIG. 4 shows the sutures of FIG. 3 placed across the puncture.

[0021] FIG. 5 shows the balloon inflation device and a sheath of the vascular closure

system of FIG. 1 inserted through the puncture.

[0022] FIG. 6 shows the sheath removed from the puncture and the balloon inflation

device of FIG. 5 operated to block blood flow through the vessel.

[0023] FIG. 7 shows the sealant delivery device of FIG. 1 advanced over the balloon

inflation device into the puncture.

[0024] FIG. 7A is a close up view of a distal end portion of the sealant delivery

device of FIG. 7.

[0025] FIG 8 shows the sealant delivery device of FIG. 7 expanded to seal a tissue

tract leading to the puncture.

[0026] FIG. 9 shows the sealant delivery device of FIG. 8 operated to deliver a

sealant to the puncture.

[0027] FIG. 10 shows the balloon inflation device of FIG. 1 operated to deposit a

detachable tip within the sealant.



[0028] FIG. 11 shows the balloon inflation device of FIG. 1 depositing a second

volume of sealant to seal the tissue tract.

[0029] Throughout the drawings, identical reference numbers designate similar, but

not necessarily identical, elements.

DETAILED DESCRIPTION

[0030] The systems disclosed herein may be used to close or seal percutaneous

punctures made through the body tissue of a patient to gain access to a body cavity of a patient.

Access through these percutaneous punctures allows a physician to carry out various procedures

in or through the body cavity for examination, surgery, treatment and the like. While not meant

to be limiting, the systems are illustrated being used to seal percutaneous punctures that provide

access to blood vessels in patients for various procedures. It will be appreciated that the systems

are applicable to other procedures requiring sealing of a puncture through body tissue into a

cavity including, for example, laparoscopic surgery and other microscopic surgery techniques

using a relatively small incision.

[0031] As used in this specification and the appended claims, the terms "engage" and

"engagable" are used broadly to mean interlock, mesh, or contact between two structures or

devices. Likewise "disengage" or "disengagable" means to remove or capable of being removed

from interlock, mesh, or contact. A "tube" is an elongated device with a passageway. The

passageway may be enclosed or open (e.g., a trough). A "lumen" refers to any open space or

cavity in a bodily organ, especially in a blood vessel. The words "including" and "having," as

well as their derivatives, as used in the specification, including the claims, have the same

meaning as the word "comprising."



[0032] The general structure and function of tissue closure devices used for sealing a

tissue puncture in an internal tissue wall accessible through an incision in the skin are well

known in the art. Applications of closure devices including those implementing principles

described herein include closure of a percutaneous puncture or incision in tissue separating two

internal portions of a living body, such as punctures or incisions in blood vessels, ducts or

lumens, gall bladders, livers, hearts, etc.

[0033] An exemplary embodiment of the present disclosure includes a vascular

closure system that includes a plurality of devices. In one arrangement, the vascular closure

system includes a balloon inflation device, a sealant delivery device, a suture placement device,

and a sheath. Other arrangements may include a fewer number of devices as part of the vascular

closure system. For example, one arrangement of a vascular closure system includes only a

balloon inflation device and a sealant delivery device. In another arrangement, a vascular

closure system includes only a balloon inflation device or a sealant delivery device.

[0034] The vascular closure system may be particularly useful as part of closing a

large bore tissue puncture. Large bore tissue punctures are typically in the range from about 5 to

about 30 French, and more particularly from 10 to about 25 French. The sheath of the vascular

closure system may help hold open the tissue puncture during treatment of the patient using

devices and instruments that are inserted through the sheath. The suture placement device may

be used to place at least one suture through tissue adjacent to the tissue puncture. In one

example, the suture placement device places two sutures in a wall of a vessel adjacent to a vessel

puncture. A suture placement device may be operable percutaneously through a layer of tissue

(e.g., skin or fat) that provides access to the vessel puncture.



[0035] A balloon inflation device may be inserted through the sheath and into the

vessel. In one arrangement, the balloon inflation device operates to position an inflated balloon

within the vessel to occlude blood flow through the vessel. The inflated balloon may, in a later

step, be retracted or withdrawn proximally to temporarily seal the vessel puncture while

delivering a sealant through an exterior of the vessel to seal the vessel puncture from outside of

the vessel. In one example, the balloon inflation device temporarily occludes blood flow through

the vessel while knots are tied in the suture and positioned across the vessel puncture to partially

seal the vessel puncture while the balloon inflation device is positioned extending through the

vessel puncture. Suture locking devices may be used in place of knots to apply and maintain

tension in the sutures to partially seal the vessel puncture. The free ends of the suture may be cut

within the tissue tract so that the free ends of the suture are removed from obstructing further

treatment or closure steps.

[0036] The sealant delivery device may be advanced into the tissue puncture to

deliver a sealant that seals the vessel puncture from outside of the vessel. In one example, the

sealant delivery device is advanced along the balloon inflation device. The balloon inflation

device may include a stop member such as a collar positioned along its length that provides an

axial position stop for the sealant delivery device within the tissue puncture.

[0037] A balloon inflation device and sealant delivery device may be configured

with rapid exchange features that permit mounting the sealant delivery device to the balloon

inflation device at a location spaced between the proximal and distal ends of the balloon inflation

device.

[0038] The sealant delivery device may include an expandable portion that expands

radially outward to temporarily seal the tissue tract during delivery of the sealant to the vessel



puncture. The temporary seal provided by the sealant delivery device may help limit backflow

of sealant (e.g. , a flowable bioadhesive sealant) out of the tissue tract.

[0039] The balloon inflation device may be constructed with sufficient length to

provide withdrawal of the sheath out of the tissue tract without being removed from the balloon

inflation device. The sheath may be withdrawn a distance along the balloon inflation device

sufficient for mounting of the sealant delivery device to the balloon inflation device and delivery

of the sealant.

[0040] The balloon inflation device may also include a detachable sealing tip carried

at a distal end of the balloon inflation device. The detachable sealing tip may be deposited

within the sealing material that has been deposited by the sealing delivery device. The

detachable sealing tip may help seal a tract through the sealing material that has been formed and

remains after removal of the balloon inflation device (e.g., the deflated balloon carried by the

balloon inflation device) proximally out of the vessel puncture. The balloon inflation device

may also be configured to deliver a volume of secondary sealant within the tissue tract. The

secondary sealant may be positioned proximal of the first or primary sealant that is delivered into

the tissue tract by the sealant delivery device. A secondary sealant deposited by the balloon

inflation device may be delivered in place of or in addition to the detachable sealing tip, and may

be deposited after detaching the detachable sealing tip within the primary sealant.

[0041] Referring now to FIG. 1, an example vascular closure system 10 is shown

and described. The vascular closure system 10 includes a balloon inflation device 1 , a sealant

delivery device 14, a suture placement device 16, and a sheath 18. The devices of the vascular

closure system 10 are exemplary only. Other example vascular closure systems may include

more or fewer of the devices shown in FIG. 1. For example, the vascular closure system 10 may



include only the balloon inflation device 1 and sealant delivery device 14. In other examples,

the vascular closure system may include only one of the balloon inflation device 12 and sealant

delivery device 14. In at least some embodiments, various features of two or more of the devices

12, 14, 16, 18 may be integrated together as a single device or system.

[0042] The balloon inflation device 12 may include an inflation tube 20, a balloon

location device 22, an inflation source 24, a balloon 26, and a detachable tip 28. The inflation

tube 20 may include distal and proximal ends 30, 32, an inflation lumen 34, an exchange port 36,

and a collar 38 (see FIGS. 1 and 1A). The balloon 26 may be positioned at the distal end 30 of

the inflation tube 20. The detachable tip 28 may be positioned distal of the balloon 26. The

inflation source 24 may be used to deliver a volume of inflation fluid through the inflation lumen

34 to the balloon 26.

[0043] The balloon location device 22 may include a housing 40, an inner tube 42,

an inner tube manifold 44, and an inflation port 46. The inner tube may extend through the

housing 40 and the inflation lumen 34 of the inflation tube 20. The inner tube 42 may include a

distal end 48 that extends distal of the distal end 30 of the inflation tube 20, and a proximal end

49 that extends proximal of the housing 40. The inner tube manifold 44 may be positioned at the

proximal end 49. The detachable tip 28 may be mounted to the distal end 48. The balloon

location device 22 may be operable to provide a visual indicator to the operator of, for example,

a position, shape, size or condition of the balloon 26. A distal waist of the balloon 26 may be

mounted to the distal end 48 of the inner tube 42. Thus, as the balloon 26 inflates and deflates,

the inner tube 42 may move axially within the housing 40. The housing 40 may include indices

or other markings that help identify axial movement of the inner tube 42 therein. Details

concerning operation of a balloon inflation device having a balloon location device are provided



in U. S. Patent Application No. 61/590,000 filed on 24 January 2012, and entitled "Balloon

Location Device Manifold for Vascular Closure Device and Methods," which is incorporated

herein in its entirety by this reference.

[0044] The sealant delivery device 14 may include a sealant shaft 50, a sealant

manifold 52, and a sealant mixing device 54. The sealant shaft 50 may include a sealant lumen

56 having a distal end 62, an exchange lumen 58 having a distal opening 64 and side opening 66,

and an expansion mechanism 60 (see FIGS. 1 and IB). The sealant shaft 50 may be mountable

to the balloon inflation device 12 at the exchange port 36. In one arrangement, the sealant

delivery device 4 may be snap-fit or attached with a lateral insertion through the side opening

66 onto the inflation tube 20 of the balloon inflation device 12. In other arrangements, a sealant

shaft 150 includes a sealant lumen 156 and an exchange lumen 158 that does not include a side

opening (see FIG. 1C). The interaction between the exchange lumen of the sealant shaft 50 and

the exchange port 36 may provide a rapid exchange mounting of the sealant delivery device 14 to

the balloon inflation device 12. The rapid exchange features may make it possible to mount the

sealant delivery device 14 to the balloon inflation device 12 at a location spaced between

proximal and distal ends of the balloon inflation device 12. Rapid exchange capability may be

particularly useful when the balloon inflation device 12 includes a plurality of features at its

proximal end such as, for example, the balloon location device housing 40 and inflation port 46

that limit advancement of the sealant delivery device 14 over the proximal end of the balloon

inflation device 12.

[0045] The rapid exchange features of the balloon inflation device 12 and sealant

delivery device 14 may also make it possible to maintain a relatively smaller outer profile for the

balloon inflation device 12 for purposes of, for example, delivering the balloon through the



vessel puncturing, occluding blood flow through the vessel with the inflated balloon, and

temporarily sealing the vessel puncture from within the vessel with the inflated balloon. Adding

the features and functionality of the sealant delivery device 14 only after completing these initial

functions by the balloon inflation device 12 eliminates the added width otherwise added to the

balloon inflation device 12 by the features of the sealant delivery device 14.

[0046] The sealant shaft 50 may be expandable from a first width Wi (see FIG. 7) to

an expanded width W2 (see FIG. 8). The expansion mechanism 60 may operate the sealant shaft

50 between the unexpanded and expanded positions. When in the expanded position shown in

FIG. 8, the sealant shaft 50 may form a temporary seal with a tissue tract leading to the vessel

puncture. This temporary seal may help limit backflow of sealant delivered by the sealant

delivery device 14 out of the tissue tract.

[0047] The sealant shaft 50 may be temporarily expanded between the unexpanded

and expanded states shown in FIGS. 7 and 8. Various expansion features may be used such as,

for example, those features of the expandable sheath shown and described in U.S. Patent

Application No. 61/692,980 filed on 24 August 2012 and entitled "Collapsible Sheath and

Tapered Dilator for Tissue Puncture Access," which is incorporated herein in its entirety by this

reference. Some example expandable structures include an expandable coil, an expandable

braided tube, an inflatable balloon or cuff, and an expandable strut.

[0048] The sealant mixing device 54 may carry at least one sealant material. In one

example, the sealant material carried by the sealant mixing device 54 includes at least two

components that remain separated until just prior to delivering the sealant material to the vessel

puncture. The sealant mixing device 54 is shown having a plunger 53 used to expel the sealant

material from the sealant delivery device 14. Other structures and mechanisms may be used to



mix, store, and eject the sealant material through the sealant shaft 50 to a tissue puncture.

Example sealant mixing devices and sealant materials are disclosed in U.S. Patent Application

No. 61/692,859, filed on 24 August 2012, and entitled "Sealant Storage, Preparation, and

Delivery Systems and Related Methods," and U.S. Patent Application No. 61/693,052, filed on

24 August 2012, and entitled "Bioadhesive Mixing and Delivery Device and Methods," which

applications are incorporated herein in their entireties by this reference.

[0049] The suture placement device 16 includes a handle 70, an insertion shaft 72,

an anchor 74, a suture carrying portion 76, needles 78, and a distal locator tip 80. The handle 70

may include first and second actuators 82, 84. The suture carrying portion 76 may include a

plurality of sutures 86. The suture placement device 16 may be operated to place at least one of

the sutures 86 across a vessel puncture as shown and described with reference to FIGS. 2-4. The

first actuator 82 is operated to move the anchor 74 into an expanded position to capture a vessel

wall as shown in FIG. 2. The second actuator 84 is operated to advance the needles 78 through

the vessel wall and into contact with the suture carrying portion 76 to capture the sutures 86.

The second actuator is operated again to retract the needles 78 to pull the sutures 86 through the

vessel wall. The first actuator 82 is operated again to retract the anchor 74 followed by

withdrawal of the suture placement device 16 from the vessel puncture to leave behind the

sutures 86 positioned extending through the vessel wall as shown in FIG. 4.

[0050] Details concerning operation of an example suture placement device is shown

and described in U.S. Patent Application No. 61/494,345, filed on 7 June 2011, and entitled

"Large Bore Closure Device and Methods," which is incorporated herein in its entirety by this

reference. Many types of suture placement devices may be used to position at least one suture

across the vessel puncture. Typically, the suture placement device 16 is used to place the sutures



across the vessel puncture prior to other treatment and operational steps. For example, the suture

placement device 16 may be operated as shown in FIGS. 2-4 to place the sutures 86 across the

vessel puncture prior to inserting the sheath 18 to expand the tissue tract in vessel puncture and

treating the patient through the vessel.

[0051] Suture knots 85 may be formed in the sutures 86 after advancing a balloon

inflation device 12 through the sheath 18 and into the vessel as shown in FIGS. 6 and 7. In some

arrangements the suture knots 85 are formed outside the patient and advanced along the sutures

86 to the vessel puncture after withdrawing the sheath 18 from the vessel puncture and tissue

tract to improve ease of forming and advancing the suture knots 85 to their desired location to

help partially close the vessel puncture. The free ends of the suture 86 may be cut within the

tissue tract as shown in FIG. 7 so that the sutures do not obstruct further operation of the vascular

closure system 10.

[0052] Sheath 18 may include a distal end 87, a hub 88, and an injection port 89.

Typically, the sheath 18 has a width W3 sufficient to expand or dilate the tissue tract and vessel

puncture. The sheath 18 may be inserted into the tissue tract and vessel puncture after

positioning the sutures 86 and prior to advancing the balloon inflation device 12 through the

sheath 18 and into the vessel (see FIG. 5).

[0053] The inflation tube 20 may have a length sufficient to accommodate

withdrawal of the sheath 18 from tissue tract 92 while balloon 26 is positioned within vessel 94

and the sheath remains distal of a proximal end of the balloon inflation device 12. Maintaining

the sheath 18 positioned along the balloon inflation device 12 may reduce the complexity of

handling the various devices of the vascular closure system 10 during operation. For example,

the operator may avoid having to disconnect the inflation source 24 from inflation port 46 of the



balloon location device 22 in order to remove sheath 18 after sheath 18 is no longer needed for

the procedure of sealing vessel puncture 96. Typically, sheath 18 is moved proximally along

inflation tube 20 a distance that permits attachment of the sealant delivery device 14 to balloon

inflation device 12 and operation of sealant delivery device 14 without the sheath 18 obstructing

such operation.

[0054] Referring now to FIGS. 2-11, an example method of sealing a vessel

puncture using the vascular closure system 10 is described in detail. Referring first to FIG. 2, at

least one suture is positioned across a vessel puncture 96 using suture placement device 16. The

vessel puncture 96 is formed in vessel 94 and is accessible through a tissue tract 92 of a tissue

layer 90.

[0055] Once extending through the vessel puncture 96, the suture placement device

16 is operated by actuating first actuator 82 to capture a wall of the vessel 94 with anchor 74.

The second actuator 84 is then actuated to advance needles 78 through the wall of the vessel 94

to capture sutures 86 in the suture carrying portion 76. The second actuator 84 is actuated again

to withdraw the needles 78 and sutures 86 through the vessel wall as shown in FIG. 3. The first

actuator 82 is actuated to retract the anchor 74 as also shown in FIG. 3. The suture placement

device 16 is then withdrawn from the vessel puncture 96 and tissue tract 92 to leave the sutures

86 placed across the vessel puncture 96 as shown in FIG. 4. Free ends of the sutures 86 may

extend out of the patient for handling by the operator.

[0056] The sheath 18 is then inserted through the tissue tract 92 and vessel puncture

96 as shown in FIG. 5. The sheath 18 may expand the tissue tract 92 and vessel puncture 96. In

some methods, a plurality of expansion sheaths or dilators may be inserted through the tissue



tract 92 and vessel puncture 96 and removed in advance of positioning the sheath 18 as shown in

FIG. 5.

[0057] The balloon inflation device 12 is advanced through the sheath 18 and into

the vessel interior 98. The balloon 26 may be inflated by delivering a volume of inflation fluid

via inflation source 24, which is coupled to inflation port 46 of the balloon location device 22.

The inflated balloon may occlude blood flow through the vessel interior 98 as shown in FIG. 6.

This temporary occlusion of the vessel 94 using balloon 26 may be referred to as a balloon

bailout. This temporary occlusion of the vessel 94 may help limit blood flow through vessel

puncture 96 while the operator advances suture knots 85 along the sutures 86 to the vessel

puncture 96 to partially seal vessel puncture 96. Various instruments (not shown) may be used

to tie and advance the suture knots 85 to the vessel puncture 96 shown in FIG. 6. A cutting

device (not shown) may be used to cut the free ends of sutures 86 within tissue tract 92 so that

the free ends of sutures 86 do not obstruct further operation of the vascular closure system 10.

Suture locking devices may be used in place of suture knots 85 to maintain tension in the sutures

86 to help partially seal vessel puncture 96. The partial closure of vessel puncture 96 using

sutures 86 or any other system or device while the balloon inflation device 12 is positioned

extending through vessel puncture 96 may have advantages, particularly when balloon 26 is

temporarily occluding blood flow through vessel 98.

[0058] Sheath 18 may be withdrawn proximally out of the patient prior to advancing

suture knots 85. Removing sheath 18 may provide additional space for the operator to work

within tissue tract 92 while advancing suture knots 85 (or suture locking devices). However, in

some arrangements, sheath 18 may remain positioned at least partially within tissue tract 92

while advancing suture knots 85 to the vessel puncture 96 and cutting free ends of sutures 86.



[0059] Referring now to FIG. 7, the expanded balloon 26 is withdrawn into contact

with an inner surface of the vessel 94 adjacent to and surrounding vessel puncture 96 to

temporarily seal vessel puncture 96. The inflated balloon 26 may move from a first position

arranged parallel with a longitudinal axis to occlude blood flow through vessel interior 98 as

shown in FIG. 6, to a second position arranged generally perpendicular to a longitudinal axis of

vessel 94 to occlude or seal blood flow through vessel puncture 96 as shown in FIG. 7.

[0060] Sealant delivery device 14 may be advanced through tissue tract 92 to vessel

puncture 96 as shown in FIG. 7. In some arrangements, the sealant delivery device 14 is

advanced along the balloon inflation device 12. In one example, a sealant delivery device 14 is

mounted to balloon inflation device 12 via the exchange port 36 of inflation tube 20 and

exchange lumen 58 of sealant shaft 50. Collar 38 is positioned on inflation tube 20 proximal of

balloon 26 and may act as an axial position stop for sealant delivery device 14 along the balloon

inflation device 12 (e.g., see FIG. 7A). Collar 38 may be positioned spaced apart axially from

balloon 26 a predetermined distance that positions distal end 62 of sealant lumen 56 spaced apart

from vessel puncture 96 so that the sealant flows unobstructed out of sealant delivery device 14

into tissue tract 92. The predetermined axial spacing between collar 38 and balloon 26 may be

any desired amount and, in some examples, may position collar 38 either inside or outside of

tissue tract 92 when balloon 26 is temporarily sealing vessel puncture 96. In some arrangements,

collar 38 abuts against distal opening 64 of exchange lumen 58.

[0061] Sealant shaft 50 may be expanded by operation of expansion mechanism 60

as shown in FIG. 8. Sealant shaft 50 may expand from an unexpanded width Wj as shown in

FIG. 7, to an expanded width W2 as shown in FIG. 8. Sealant shaft 50 may create a temporary

seal with tissue tract 92 when expanded. This temporary seal may help limit backflow of sealant



that is delivered by sealant delivery device 14 into tissue tract 92. In other arrangements, sealant

delivery device 14 is operable without an expandable sealant shaft 50.

[0062] FIG. 9 shows the sealant delivery device 14 being operated to deliver a

volume of sealant into tissue tract 92. The sealant mixing device 54 may be actuated distally

(e.g., by advancing plunger 53) to deliver a sealant out of the distal end 62 of the sealant lumen

56. The sealant may form a primary sealant plug 2 as shown in FIG. 10. Primary sealant plug 2

may at least partially fill tissue tract 92. Primary sealant plug 2 may also at least partially seal

vessel puncture 96. The inflated balloon 26 may limit the flow of the sealant into vessel interior

98.

[0063] Typically, the sealant is allowed to at least partially cure to form the primary

sealant plug 2 before deflating balloon 26 and withdrawing balloon inflation device 12 through

vessel puncture 96. Balloon inflation device 12 may be withdrawn until detachable tip 28 is

positioned within a plug channel 3 in the primary sealant plug 2. The plug channel 3 is formed

upon removal of inflation tube 20 and balloon 26 through primary sealant plug 2. Balloon

inflation device 12 may be operated to detach the detachable tip 28 within the plug channel 3.

[0064] A secondary volume of sealant may be deposited proximal of the primary

sealant plug 2 as shown in FIG. 11. The secondary sealant may form a secondary sealant plug 4 .

The secondary sealant may be delivered through the inner tube 42 of the balloon location device

22. The balloon inflation device 12 may be used to deposit at least one sealant into tissue tract

92 to seal vessel puncture 96. As described above, balloon inflation device 12 may deposit two,

three or more different sealing materials in the form of, for example, bioadhesive sealants

delivered by the sealant delivery device 14, a detachable tip delivered by the balloon inflation



device 12, or a secondary bioadhesive sealant delivered by the inner tube 42 of the balloon

location device 22.

[0065] The sealant delivered by the vascular closure system 10 may be used in

combination with or independent of at least partially sealing vessel puncture 96 with sutures 86

and corresponding suture knots 85. Using a combination of sutures and sealing material may be

particularly effective in maintaining a sealed closure of a large bore vessel puncture, wherein

sutures or sealing material independently may be less effective in maintaining closure of the

vessel puncture.

[0066] The sealants discussed herein may comprise a single component, or may

comprise multiple sealant components that are mixed together. The multiple sealant components

may further react together to form a crosslinked network. The sealant components may be

naturally derived or synthetic. Some example synthetic components include polyethers such as

polyethylene glycol, polypropylene glycol and polytetrahydrofuran. Other examples of synthetic

components may include polyamine compositions such as polyvinylpyrrolidones, polyethylene

imines and hydrogenated polyacrylonitriles. Other example sealant components include

polyacrylic and methacrylic compounds such as polyacrylic acid. Example naturally derived

components include protienaceous compositions such as albumin, collagen and polylysine.

Other examples include carbohydrate compositions such polyhyaluronic acid. The sealant

components may also contain reactive functional groups to promote chemical crosslinking. The

sealant components may be cross-linked by any known method including, for example,

condensation reactions, Michael addition, and free radical. Functional groups used for cross-

linking may include, for example, thiols, acrylates, amines, succinimydyls and aldehydes, to

name a few.



[0067] The preceding description has been presented only to illustrate and describe

exemplary embodiments of the invention. It is not intended to be exhaustive or to limit the

invention to any precise form disclosed. Many modifications and variations are possible in light

of the above teaching. It is intended that the scope of the invention be defined by the following

claims.



WHAT IS CLAIMED IS:

1. A vascular closure assembly configured to seal a vascular puncture in a vessel,

comprising:

a balloon location device comprising:

an inflation tube;

an inflatable balloon positioned at a distal end of the inflation tube and operable,

when inflated, between a first position blocking blood flow through the vessel and a

second position sealing the vascular puncture from within the vessel;

a sealant delivery device comprising:

a sealant delivery tube having a first lumen sized to advance over the inflation

tube to the vascular puncture, and a second lumen configured to deliver a volume of

sealant to the vascular puncture, the first lumen including a rapid exchange port.

2. The vascular closure assembly of claim 1, wherein the balloon location device

further includes a collar positioned proximal of the inflatable balloon, the collar operating as a

distal position stop for the sealant delivery device.

3. The vascular closure assembly of claim 1, wherein the balloon location device

further comprises a detachable tip positioned at a distal end of the inflation tube, the detachable

tip being detachable within the volume of sealant delivered to the vascular puncture upon

withdrawal of the balloon location device from the vascular puncture.



4. The vascular closure assembly of claim 1, wherein the sealant delivery device

further comprises an expandable portion positioned proximal of the rapid exchange port, the

expandable portion being radially expandable to create a radial seal with a percutaneous incision

through which the vascular puncture is accessible.

5. The vascular closure assembly of claim 1, further comprising a suture placement

device operable to position at least one suture across the vascular puncture prior to positioning

the balloon location device within the vessel.

6. The vascular closure assembly of claim 5, wherein the suture placement device

positions at least one suture through a sidewall of the vessel on opposite sides of the vascular

puncture, and the at least one suture is configured to be tied to partially seal the vascular

puncture while the balloon location device is positioned extending through the vascular puncture.



7. A method of closing a puncture in a vessel, comprising:

providing a balloon location device having an inflation tube and an inflatable balloon

positioned at a distal end of the inflation tube, a sealant delivery device, and a suture placement

device;

positioning at least one suture across the puncture with the suture placement device;

inserting the inflatable balloon through the puncture;

inflating the inflatable balloon and positioning the inflatable balloon in the vessel to

occlude blood flow through the vessel;

at least partially sealing the puncture with the at least one suture;

withdrawing the inflatable balloon against an inner surface of the vessel to temporarily

seal the puncture;

advancing the sealant delivery device along the balloon location device to the puncture;

delivering a first volume of sealant through the sealant delivery device to the puncture to

seal the puncture;

removing the balloon location device through the first volume of sealant.

8. The method of claim 7, wherein the sealant delivery device includes a rapid

exchange port, the method further comprising mounting the sealant delivery device to the

balloon location device at the rapid exchange port.

9. The method of claim 8, further comprising expanding a portion of the sealant

delivery device within a percutaneous incision leading to the puncture to seal an entrance to the

percutaneous incision.



10. The method of claim 7, further comprising depositing a detachable tip of the

balloon location device within the first volume of sealant.

11. The method of claim 7, further comprising depositing a second volume of sealant

proximal of the first volume of sealant.

12. The method of claim 7, further comprising advancing a sheath through the

puncture to enlarge the puncture, and inserting the inflatable balloon through the puncture

includes advancing the balloon location device through the sheath.

13. The method of claim 12, further comprising removing the sheath from the

puncture prior to at least partially sealing the tissue puncture with the at least one suture.

14. The method of claim 7, further comprising:

providing a suture placement device;

positioning at least one suture across the puncture with the suture placement device;

tying the at least one suture to at least partially seal the puncture while the balloon

location device is positioned extending through the puncture.



15. A method of sealing a puncture in a vessel accessible through a percutaneous

incision, the method comprising:

providing a balloon location device having an inflatable balloon, a sealant delivery device

having first and second lumens, and a suture placement device;

positioning at least one suture across the puncture with the suture placement device;

inserting the inflatable balloon through the puncture;

tying the at least one suture to partially seal the puncture while the balloon location

device is positioned extending through the puncture;

inflating the inflatable balloon and withdrawing the inflatable balloon against an inner

surface of the vessel to temporarily seal the puncture;

advancing the sealant delivery device along the balloon location device to the puncture;

delivering a first volume of sealant through the sealant delivery device to the puncture to

seal the puncture;

removing the balloon location device through the first volume of sealant.

16. The method of claim 15, further comprising positioning the inflatable balloon in

the vessel to occlude blood flow through the vessel before tying the at least one suture.

17. The method of claim 15, wherein the sealant delivery device includes a rapid

exchange port, the method including mounting the sealant delivery device to the balloon location

device with the rapid exchange port.



18. The method of claim 15, wherein the balloon location device comprises a

positioning collar positioned proximal of the inflatable balloon and arranged to provide a distal

position stop for the sealant delivery device when advancing along the balloon location device.

19. The method of claim 15, further comprising radially expanding the sealant

delivery device within the percutaneous incision to create a temporary seal with an internal

surface of the percutaneous incision.

20. The method of claim 15, further comprising expanding the puncture with a sheath,

advancing the balloon location device through the sheath, and withdrawing the sheath out of the

puncture and percutaneous incision prior to tying the at least one suture.
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