2011/106437 A1 |1 00 O O 01 OO 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 I MDEVAN A1 AT AP 00RO 0
International Bureau S,/ )
43) Int tional Publication Dat \P'/ (10) International Publication Number
nternational Publication Date N5
ey
1 September 2011 (01.09.2011) PCT WO 2011/106437 Al
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A61B 17/00 (2006.01) A6IM 25/00 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR. KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD
PCT/US2011/025940 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
23 February 2011 (23.02.2011) SE, 5G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
61/307,372 23 February 2010 (23.02.2010) US ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
61/329,717 30 April 2010 (30.04.2010) US TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant (for all designated States except US): CRY- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
OLIFE, INC. [US/US]; 1655 Roberts Boulevard, Kenne- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
saw, Georgia 30144 (US). GW, ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): HOFFMAN, Jeftrey,

Michael [US/US]; 17 Boones Ridge Drive, Acworth,
Georgia 30102 (US).

Agents: KING, Kevin, W. et al.; SUTHERLAND AS-
BILL & BRENNAN LLP, 999 Peachtree Street, NE, At-
lanta, GA 30309-3996 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:
with international search report (Art. 21(3))

[Continued on next page]

(54) Title: APPLICATOR DELIVERY TIP EXTENSION

Fig. 1

(57) Abstract: A delivery tip extension communicates an adhesives material from a fluid applicator tip to a site within a patient.
The delivery tip extension has an elongated shaft with a proximal end portion, a central body portion, and a tapered distal end por-
tion. The central body portion has a length between about 5 cm and about 45 cm. A lumen is defined within and extends along the
elongated shaft from a proximal opening to a distal opening. The elongated shaft is relatively more rigid along the central body
portion than along the distal end portion to facilitate driving the elongated shatt through the patient with reduced trauma to the pa-
tient by the distal end portion. The lumen is sized and shaped along the proximal end portion for securely receiving the fluid ap-
plicator tip inserted through the proximal opening such that a dispensing outlet on the tluid applicator tip is in fluid communica-
tion with the lumen. The delivery tip extension is sterilized or sterilizable.
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APPLICATOR DELIVERY TIP ENTENSION

CROSS-REFERENCES TO RELATED APPLICATIONS
{0001 This application claims pronty o U8, Provisional Application No.
617329717, fided April 30, 2010, and U5, Provisional Application No. 617307372, filed

February 23, 2010, which are meorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates geverally to the field of biomatenal delivery

svstems, and more particularly to tip extensions for hiomaterial delivary svstems.

BACKGROUND
{0003] Flmd biomaterials, such as adhesive substances, are frequently used in
surgeries and other medical procedures, for example in soft Gssue repairs or as a vascular
suture sealant. These matenials may be apphied by the phyvsician with a syringe or other
flud applicator, such as those described in U8, Patent Nos. 4,338,920 and 4.3592 049,
however, some tissue sites may not be readily accessible with conventional appheators.
For example, the site may not be reachable at all or only with great difficulty in an open
surgical procedure. In a laparescopic procedure, delivery may not be possible with a
conventional appheator due 1o site location or applicator imitations. In still other cases,
the physician may be unable to navigate through or around soft tigsue withoul damaging
the surrounding tissue or organs with a conventional apphicator. Often, large incisions are
necessary to accommodate such applicator imtations. Large incisions are undesirable.
{0004 it would be desirable to provide improved systers for largeted delivery of
biomatersals (o remote siles within a patient that allow for precise navigation through the
body and reduce the risk of danwaging surrounding tissue or organs while also decreasing
the size of the incision site required. T would also be desirable for the delivery system to
provide rapid transport of the biomatenal batween the fluid applicator tp and the

application site. especially where the fluid to be deliverad 18 a guick-setting adhesive.
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SUMMARY
{0005] A delivery tip extension is provided for communicating an adhesive
material from a Dwid applicator tip to a site within a patient. The delivery tip extension

has an elongated shaft wath a proximal end portion, a central body portion having a length

R

between 5 em and 45 cm, and a tapered distal end portion. A lumen is defined within and
extends along the elongated shaft front & proximal opening on the proximal end portion to
a distal opening on the distal end portion. The elongated shafl is relatively more rigid
along the central body portion than alony the distal end portion o facilitate driving the
elongated shatt through the patient with reduced trasma 1o the patient by the distal end

10 portion. The lumen is sized and shaped along the proximal end portion for securely
receiving the flaid apphicator Gp nserted through e proximal opening such that a
dispensing cutlet on the fwd applicator $ip is in fluid commumication with the fumen. The
delivery tip extension s stertized or sterilizable.

{6006] In embodiments, the fumen may have a reduced cross-sectional area along

ot
14

the central body and distal end portions relative o the cross-sectional area along the
proximal end portion. The reduced cross-sectional area may promote rapid fransport of
adhesive from the fluid applicator tip to the distal opening. The delivery Gip extension also
may include a distal end covering positioned about the distal end portion of the elongated
shaft. The distal end covering may mnclude a relatively sobter material thao the elongated
20 shaft, the relatively softer material further reducing trauma fo the patient by the distal end
portion. For exampie, the elongated shali may inchude a pobvurethane material, and the
distal end covering may mnclude a polvether block amide material. The dehivery tip
extension also may include a proximal end connector positioned about the proximal end
portion of the elongated shaft. In some embodiments, the elongated shall has an outer
25 diameter of between about 2 mm and about 8 mum along the central body portion, and the
lumen has a diameter of between about 0.3 mum and about 3.0 mun along the central body
and distal end portions. For example, the elongated shaft may bave an outer diameter of
between about 4 mm and abowt 6 mm along the central bodv portion, and the tunen may
have a diameter of between about (.8 myun and about 1.6 mm along the central body and
30 distal end portions. The elongated shaft may have a length of about 10 em, about 27 em,

or about 35 em. The proximal end porstion may inclade a textuwred inner swilace for



WO 2011/106437 PCT/US2011/025940

R

10

ot
14

20

Tad

{rictional engagement with the flud applicaior tip. The elongated shaft mav mclude a

polviner. such as a polvurethane.

{0007} In another aspect, a sterile kit is provided for delivering an adhesive
material to a site within a patient. The kit includes a syringe apparatus and at least one

deliverv tip extension. The svringe apparatus has at least one chamber and a fluid
applicator tip. The at least one chamber houses a fluid therein, the fluid comprising an
adhesive material or at least one precursor therefor. The fluid applicator tip is in flud
communication with the fhuid in the chamber, and the fhuid applicator tip inchudes a
dispensing outlet. The delivery tip extension iz connectable to the fluid applicator ip of
the syringe apparatus for dispensing the adhesive. The delivery tip extension has an
clongated shaft with & proximal end portion, a central body portion having a length
between 3 om and 43 om, and a tapered distal end portion. A lumen is defined within and
extends glong the elongated shaft from a proximal opening on the proximal end portion to
a distal opening on the distal end portion. The elongated shaft 1 relatively more rigid
along the central body portion than along the distal end portion to facilitate driving the
elongated shafl through the patient with reduced trauma to the patient by the distal end
porbon. The lumen s sized and shaped aong the prosamal end portion for securely
receiving lthe flud apphicator Gp inserted through the proximal opening such that a
dispensing outlet on the fluid applicator tip 1s in Hluid communication with the fumen,
{66008} In embodiments, the svringe apparatus nwy include a first chamber and a
second chamber. The first chamber may bouse a first fhad that comprises a solulion
including albunun, and the second chamber may house a second fluid that includes an
aldehyde for crosshinking the afbumun, The svringe apparatus may include a plunger for
driving the first and second fluids from the first and second chambers into the fluid
applicator tip. The flard applicaior tp may include a static mixer operable to mix the first
and second theds to form the adhesive,

{6069] In still another aspect. & method of delivenng an adhesive to a tissve site
within 2 patent is provided. The method includes flowing an adhesive from a svringe
apparatus through a delivery tip extension 1o 8 Ussug site n a patient. The delivery tip
extension has an elongated shaft with a proximal end portion, a central body portion
having a length between 5 om and 45 om, and a tapered distal end portion. A lomen is

defined within and extends along the elongated shaft from a proxinial opening on the
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proximal end portion to a distal opening on the distal end portion. The elongated shatl i
relatively more rigid along the central body portion than along the distal end portion to
facilitate dnving the elongated shaft through the patient with reduced travma to the patient
by the distal end portion, The tumen is sized and shaped along the proxamal end portion
for securely receiving the fluid applicator tip inserted through the proximal opening such
that a dispensing cutlet on the fluid apphicator tip is m fhid conynunication with the
humen.

{0010} In embodiments, the delivery tip extension may deliver the adhesive
laparogcopically. The delivery tip extension may be inseried throush a trocar to dehiver
the adhesive to the tissue site.

o011 {n vet another aspect, a method of making a delivery tip extension is
provided. The method includes molding an elongated shaft having a hunen extending
therethrough and a length between § cmand 45 cm. The elongated shaft includes a
proximal end portion, a central body portion, and atapered distal end portion. A distal end
covering 1s overmolded about the distal end portion of the elongated shaft. The distal end
covering comprises a refatively softer matenal than the elongated shafl. In embodiments,

the debivery tip exiension may be sterilized.

BRIEF PESCRIPTION OF THE DRAWINGS
{6012] FIG. 1 is an exploded perspective view of a system for delivering a
biomaterial to a bssue side in a patient in accordance with one or more embodiments of the

present ivention.

[0013] FIG. 2 is a plan view of one embodiment of a delivery tip extension device.
{001 4] FIG. 3 is a plan, cross-sectional view of the embodiment of a delivery tip

extension device shown in FIG. 2.

{B015] FIG. 4 is a plan view of another embodiment of a delivery tip extension
device.
{001 6] F1G. 815 a plan, cross-sectional view of the embodiment of (he delivery tip

extension device shown in F1G, 4,
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1.0

DETAILED DESCRIPTION
{001 7] The present application will now be described mare fully heremnafter with
reference to the accompanying drawings, 1o which several embodiments of the application
are shown. Like numbers refer 10 hke elements throaghout the drawings.
{6018] Described below are embodimenis of svstems and methods for delivering a
{huid to alocation within a patient. The patient mav be & human or other manumal, for
example. The systems and methods generally employ a fhuid dispensing apparatus, such
as a syrings, and a delivery tip extension. The fluid dispensing apparatus may dispense a
fhnd, such as an adhesive. for use within the body of a patient. The delivery tip extension
may communicate the fluid from the fluid dispensing apparatus to a location within the
pattent that 1s remote [rom the thad dispensing apparatus. Thus, the delivery tip extension
extends the reach of the fluid dispensing apparatus, so that fluid within the fhud
dispensing apparatus can be delivered to a site within a patient that would not be reachable
using the flnd dispensing apparatus alone.
{0019] In pariiaidar embodiments, the delivery tip extension 1s configured on its
proximal end to recerve fluid from the fluid delivery apparatus, on its distal end to release
the fluid inte the patient, and along its fength to deliver the fhud betyween 13 proximal and
distal ends refatively quickly. A lumen may extend along the length of the delivery tip
extension for this purpose. and the fumen may be relabively narrow in widhh, The narrow
width of the lumen facilitates quick delivery of the fluid through the length of the delivery
tip extension. Thus, when the wid dispensing appasatus 1s postioned outside of the
patient and the delivery tip extension extends into the patient with its proximal end s in
communication with the flund dispensmg apparatus and its distal end 1s in conmmunication
with the intended delivery site, flurd dispensed from the fluid delivery apparatas may
guickly travel through the delivery tip extension to reach the intended delivery site. Rapid
deliverv mav be useful m certamn surgical contexts, such as embodiments in which the
fluid dispensing spparatus dispenses a surgical ghue that begins hardening or setting within
or shorly upon exiting the fhud delivery apparatus, as described in further detas! below.
{0020] in particular embaodiments, the flud dispensing apparatus mcludes at least
one chamber and a dispensing tip in comnunication with the chamber. The chamber may
houge the fluid, or a component thereof, and the dispensing Up may dispense the Thad

from the chamber. The delivery tip extension mav secure onto the dispensing tip to
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recetve the fluid theralrom. Thus, when the flud dispensing apparatus is operatad to
dispense the fluad from the dispensing tip, the fluid may Hlow diracily into the dispensing
ip extension, along its length, and to the intended delivery site.

{0021 {n particular embodiments, the fluid dispensing apparatus houses at feast

R

two fluid components for forming g biocompatible adhesive. For example, the flud
components mav be housad in separate chambers, each of which mav be in fluid
comynunication with the dispensing tip. The chambers may be operatively associated with
a plunger, or anv other suitable mechanism for drving the consttient components [rom
the chambers into the dispensing tip. The dispensing tip may include a static mixer or

10 other suitable mechanism for combining the constituent components to react to form an
adhestve. The drving force of the plunger may be sufficient 1o drive the [had components
and resulting adhesive through both the dispensing {ip and the delivery tip extension.
{0022] In some emboediments, the delivery tip exiension mcludes an elongated

shaft and a tamen defined within the elongated shalt between ts proximal and distal ends.

ot
14

The elongated shaft mav be configured along its proximal end fo receive and secure o the
flud dispensing apparatus, and the elongated shaft may be configured along its distal end
for controllad dispensing of the bromatersal, For example, the distal end may be taperad
{0023] The efongated shaft may be rigid enough to faciifate navigation through
the body tissues. The distal end may be soft to reduce damage to surrounding tissue and
20 organs, snd vet the distal end may be stiff enought 1o ensure the delivery tip extension can
navigate through fissuss or structures that occlude the lacget site. The stifthess of the
distal end may be sufficient o ensure the end is responsive to direction and torque appliad
at the proximal end and is less affected by sideways pressure from surrounding
tissues/structures. The narrow width of the humen may provide rapid transport of the Huid
25 along the shaft, which mav be usefal 1m cases in which the fluid 13 an adbesive that begins
cross-linking or hardening upon mixing or upon exiting the dispensing tip.
{6024] The dehivery tip extension may facilitate precise debivery of a fluid or other
biomaterial to a delivery site within a patient, even in cases in which the delivery site
otherwise is not eastly accessible or 18 naccessible. The delivery tip extension may be
30 used it an opan surgical procedure, a laparoscopic procedure, a video-assisted thoracice
suwrgery, i comgunction with a trocar, or any combination thereof. Examples of open

surgenies i which the delivery tip extension may be used include general surgery such as
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liver resection or pancreatic resection; cardiac surgery such as valve replacement or
aneurysm repair; pelmonary surgery such as hung resection, bullectomy, blebectomy, or
lung velume reduction: vrologic surgery such as partial nephrectomy or prostatectomy; or

neurosurgery such as lumor resection or pituitasy gland removal. Examples of

R

laparoscopic or video-assisied thoracic surgaries m which the delivery tip extension may
be used include general surgery such as liver resection or pancreatic resection; pulmonary
surgery such as tung resection, bullectony, blebectomy, or lung volume reduction; or
wrologic surgery such as lap partial nephrectomy or ap prostateciomy.

[0025] The delivery tip extension mayv facilgate precise delivery of an adhesive or
10 other fluid 1o a depth below the surface of the skin that would not be reachable using a
standard tUp alone, which may be desirable in certn applications. One example is surgery
on an obese patient, whose organs may be farther from the surface of the skin. Another
example is surgery on an occluded area of the body. such as the back of the heart or the

underside of another organ. An additional example is a surgery wheremn a portion of the

ot
14

bodv of the patient 13 inBated, such &s a laparoscopic surgery or other procedurs 1o which
the abdeminal cavity of the pattent is insulilated with carbon dioxide causing the

abdommal cavity to enfarge. A trocar, which s often used o such surgerres, i essentially

a port through which mstruments are introduced mto the abdomen. The trocar is offen
associated with a one-way valve, wluch prevenis carbon dioxide from escaping theough
20 the port. Yet another example is a video-assisted thoracic surgery wherein the size of the
thoracic cavity necessitates reaching a depth below the surface of the skin or a surgery
wherein resected tissue is located closer to the medial line of the body and farther from the
skin surface. In these and in other cases. the target tissue may be a distance befow the skin
surface from which the adhesive or other flwid is deploved, and the delivery 0p exdension
25 may facilitate accessing thess locations effectively.
{0026] F1G. 1 illusirates an embodiment of a system 10 for delivering a fluid, such
as an adhesive, to a location within the body of a patient. The system includes a syringe
apparaius 12 and a delivery gp exdension 26. The syvringe apparatus 12 is configured {o
dispense a flud, and the delivery tip extension 26 is configurad to deliver the dispensed
30 flwd to atocation remote from the syringe apparatus 12, The delivery tip extension 26 is

shown in greater detail in FIGS. 2 and 3, which are plan and cross-sectional views
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{0027} In the ilustrated embodiment, the syringe apparates 12 includes a [irst
chamber 14, a second chamber 16, and a fluid applicator tip 20 in fluid conumnumnication
with had material contamed in the first and second chambers 14, 16. The fuid applicator
tip 20 also has a dispensing outlet 24 for dispensing the fluid matenal. 1t should be noted
that the syringe apparatus 12 may include one chamber or more than two chambers in
other embodinents, and that the chambers may have a nunmber or ortentations meluding,
including concentric, serial, or side-by-side alignment.

{0028 in some embodiments, the fhid materiat dispensed by the syrninge apparatas
12 comprises an adhesive matenial, such as a bioadhesive matenal for use within the
human body. Each chamber may house an adhesive or an adhesive presursor {e.g., a
prepobymer and a crosstinker).  The precursors may mclude a proleinaceous matenial,
such as human or bovine senam albunmn, and an aldehvde. including a di- ov poly-
atdehyde such as gluteraldehvde, as described in ULS. Patents No. 5,385,606 and No.
7621969, The chambers 14, 16 may house these adhesive precarsors that can be
combined o form an adbesive. For example, one chamber 14 may house a sohdion that
inciudes atbumin, and the other chamber 16 may house an aldehyde for crosslinking the
atbumin. One axample of such an adbesive 1 BroGlue®: surgical adhesive, available from
CryvoLife, Inc. of Kennesaw, Georgia.  Such an adhesive mav create a bond in thirty
seconds or tess. Altematively, the fluid may be auother noadbesive subsiance known in
the art, a biopolymer lor Gssue augmentation or embobie therapy, a rapid-gelling
compostiion, of the like.

{0029] As shown in FIG. 1, the fluid applicator tip 20 may optionally mclude a
static mixer 22 for mixing the fluid material prior to dehvery via the dispensing outlet 24.
For example, m a dual chamber svringe apparatus 12 wherein each of the two chambers
14, 16 mcludes an adhesive precursor, the fluid applicator tip 28 may include a static
mixer 22 to combine the two adhesive precursors to form an adhesive immediately prior to
delivery via the dispensing outlet 24, The adhesive precursors nay be driven from the
chambers 14, 16 and into the fluid applicator tip 20 with a phunger that is operatively
associated with the chambers 14, 16, Upon muxing, such adhesive precursors may
immediately begin eross-linking or harderang.  In such embodiments, the adhesive may be

delivered Lo the dehivery site before it solidifies using a delivery Uip extension 26.
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{0030} More particolandy, a delivery tip extension 26 13 provided for
communicating an adhesive material from a thad applicator tip 20 of a syrings apparatus
12 to a site within a patient by extending the fhud delivery length of the syringe apparatus
12, The delivery up extension 26 includes an elongated shaft 28 and a lumen 40, The
glongated shaft has a proximal end portion 38, a central body portion 32, and a tapered
distal end portion 34, The Tumen 40 is delined within and extends along the elongated
shaft 28 from a proximal opening 36 on the proximal end portion 30 to a distal opening 38
on the distal end portion 34, The elongated shaft 28 is advantageonsiv relatively more
rigid along the central body portion 32 than along the distal end portion 34 to faciliate
driving the slongated shatt 28 through/between tissues in the patient. The elongated shaft
28 15 relatively less rigid along the digtal end portion 34 than slong the central body
portion 32 to reduce lrauma to the patient by the distal end portion 34, The lumen 40 is
stzed and shaped along the proxumal end portion 30 for securely receiving the fhud
applicator tip 20 when wserted through the proximal opening 36 such that the dispensing
outlet 24 15 in fluid communication with the lumen 48

[0031] The distal end portion 34 is relatively less ngid than the central body
portion 32, for example, as a result of the reduced wall thickness due to the taperng of the
distal end portion 34, The decreased rigidiy at the distal end portion 34 reduces the risk
of puncturing or {earing swrounding lissue or organs when the deltvery tip extension 26 is
gurded through the patient. Tn one embodiment, the delivery Gp extension 26 is stenlized
or stertlizable for use in medical procedures.

[0032] {n one enbodiment, the elongated shaft 28 13 made from one or more USP
(lass VI compliant, clear resins. For example, the elongated shaft 28 may be made from a
single gamma-irradiation stable, biccompatible, USP Class V1 polvimer. Tn one
embodiment, the polymer 1¢ a polvurethane, such as Isoplastid 25140 Tzoplasi® brand
polymers are available from Lubrizol Corp. of Wickliffe, Ohio. In another embodiment,
the elongated shaft 28 may be made fron multiple biocompatible, USP Class VI polymers
and resing that are onizing radiation stable (e.g.. gamma-tiradialion or electron beam},
chenucal stable (e.g., glutaraldehvde, sthyviene oxide, hvdrogen peroxide or plasna), or
heat stenbzation stable {e.g., autoclaving) Other suitable polymeric materials may be

wsed. BExamples of suilable matenials include Isoplagt®: 2530, Pebax®: 7033, or Pebax®
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7233 Pebax® brand polvmeric materials are available from Arkema, Inc. of Philadelphia,
Pennsylvama.

{0033 The elongated shaft 28 may be made from ngid polymers to facilitate easy
steering of the dehivery tip extension 26 within the body. In an exerplary embodiment,
these rigid polvimer resing may comprise polyethyleng (e.g.. low-, high-, or ultrahigh-
densitv), polvpropvlens, polvorethane, or hiquid-crvstalline polvmers. These resing may
include fillers or modiliers. Fillers or modifiers may comprise glass fibers, glass beads,
tale, calctum carbonate, or other suitable materials. Tn certain embodiments, these
polviner resing may comprise Vectra®t hiquid crysial polvimers, Isoplastit 2314, [soplast®
2530, Pebax® 7033, or Pebax® 7233 Vectra® brand polymeric materisls are available
from Celanese, Tnc., Dallas, Texas Aliernatively, the elongaled shaft 28 may be made
from soft polvmer resins for ease of bending or shaping by the end user.

{0034] In one embodiment, the tapered distal end portion 34 1s conical 1o provide
pomnted adhesive application and easv introduction into sargical ports, as shown in FIG. 1
The dizial end portion 34 may also be rounded to further mimiuze tissue damage. In
ancther embodiment, the tapered distal end portion is flattened and flared to dispense a
rihhon of the adhesive over the fissue sweface. Alternatively, the distal end povtion may
have other configurations, including those describad in ULS. Patent No. 7,325,995, which
is tncorporated by reference herein in its entirely.

{6035] In particular embodiments, the proximal end portion 36 is conligured to
engage the thad applicator tip 26, The engagement may be by frictional engagement,
mating threads. snap-fit connection, or the like. The proximal end portion 36 may form a
flund tight connection with the fluid applicator tip 20. In one case, the proximal end
portion 36 may include atextured mner swlace ta promote frictional engagement with the
flaid applicator tip 28, The proximal end portion 36 also may be secwred 10 the flaid
applicator tip via one or more suilable mechanical fasteners known in the art. Other
methods of forming a sealed connection may be used. In some embodiments, the
proximal end portion 36 may inchude a textured owter sarface to aid in gripping. For
example, the texture may comprise product or brand name, company name, or size
identifiers. Alternatively, the texture may comprise random, ordered, or periodie ridges

and vallevs or shapes.
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{0036] In certamn enmbodiments, the distal and proximal end portions 30, 34 are
made from transparent or transtucent polymar resing, The transparent or fransiucent
polvmer resins way alow visualization of the fluid being delivered or the fuid applicator

tip 20 or static mixer 22 baing inserted through the proximal opening 36.

R

{0037] As shown in F1G. 3, the lumen 40 has a reduced cross-sectional area along
the central body and distal end portions 32, 34 relative 1o the cross-sectional area along the
proxingal end portion 30, to promote raprd transport of adhesive from the fluid applicator
{tp 20 to the distal opening 38. While the lumen 40 has a cross-sections! area sized along
the proximal end portion 36 (0 securely receive the fhad applicator up 20 of the svringe
10 apparatus 12, the Tumen 40 has a cross-sectional avea sized alony the central body and
distal end portions 32, 34 to provide rapid delivery along the fength of the delivery
extension tip 26, such as from the dispensing outlet 24 of the fhud applicator tip 20 {0 the
distal openmg 38 of the delivery extension tip 26 lor application at the tissue site within

the patient. In cases im which the adhesive is one that sohdifies quickly, the reduced

ot
14

diameter of the humen 40 provides almost immediate communication of the adhesive from

the fTwid apphcator tip to the site of application, thereby reducing adhesive hardening

withen the detivery tip extension 26, Also, in some embodiments, the humen 4015 smooth

and has a low coefliciant of {riction to further expedite [had transport along the lumen 48,

{0038] {n some embodimentis, the elongated shaft 28 has an owter diameter of

20 between about 0.1 nan and abowt 20 mmy, and the homen 40 has a diameter of between
aboud 0.01 mm and about 19 mun along the central body and distal end porlions 32, 34, In
parttcular embodiments, the slongated shaft 28 has an outer diameter of between about |
mm and about 10 mm, and the humen 440 has a dianmeter of batween about 8.5 mun and
about 4.5 nmum along the central body and distal end portions 32, 34,

25 (0039 in one embodiment, the elongated shaft 28 15 constracted of a clear
polyvurethane, e.g., Isoplast® 2510 and has an outer dhameter between about 2 mm and
about 8 mm along the central body portion and the fumen has a dismeter of between about
(2.5 mm and about 3.0 mm along the central body and distal end porttons. In one
partcular embodiment, the elongated shaft 28 has an outer diameter between about 4 min

30 and about 6 mm {e.g.. about 3 nun} alonyg the central body portion and the lumen has a

diameter of between about 0.8 mun and abowt 1.6 mm {e.g., abowt 1.2 mam} along the

central body and distal end portions. However, in other embodiments the elongated shaft
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28 mav have a larger outer diameter, such as 2 diameter that 18 a8 much ag 28 mim or mote,
so that the entire delivery tip extension is somewhat stiffer or more riged. A stiffer or
maore rigid delivery tip extension may be useful in centan surgical applications.

{0040] i one ambodirnent, the elongated shaft 28 has alength between 3 o and
45 cm. In exemplary ambodiments, the elongated shaft 28 has a length of about 10 cny,
abowt 27 cm, or about 33 em. (hher lengths of the alongated shafl 28 are also envisioned.
{6041} FIGS. 4 and S illustrate snother embodinent of a delivery tip extension
136, In this embodiment, the delivery tip exiension 126 includes a distal end covering 142
posittoned about the distal end portion 134 of the elongated shaft 128, The distal end
covaring 142 comprises a relatively softer matenal than the elongated shaft 128, to fonther
reduce trauma 1o the patient by the distal end portion 134, In some embodiments, the
relatively softer material of the distal end covering 142 1s a soft polymer resin, such as a
pelvether block amide, polvarethane, or polvethviene. In one embodiment, the distal end
covering 142 comprises Pebax® 4033 SAOL The delivery tip extension 126 nway be
formed with a step or indent along the distal end portion 134 so that a smooth surface is
formed when the distal end covering 142 1s positioned thereabout. For example, the distal
end covering 142 may be formad by overmolding,

[{0042] in some embodiments, the delivery tip extension 126 also includes g
proximal end connector 144 positionad about the proximat end portion 130 of the
elongated shalt 128, as shown in FIGS. 4 and 8. The proximal end connector 144 may be
sepatately formed from the elongated shaft 128 and attached thereto, such ag by
overmoiding or with an adhesive, so that the proximatl end connector 144 can be formed
fron: a different material than the elongated shaft 128, For examiple, the clongated shaft
128 may be relatively rigid or stfT, so that the elongated shafl can be directed 1o the area
of application, while the proximal end connector 144 may have a certain flexibility or give
so that 1t can stretch about and flexibly mate with the applicator tip. As another example,
the elongated shaft 128 may have a relatively lower coefficient of friction so that it can
shide imto and out of a irocar without excessive [rictional engagement, while the proximal
engl connector 144 may exhibit a higher coefficient of fizction, The higher coefficient of
friction for the proximal end connector 144 mav facilitate grasping the connector to place
i on the applicator fip. The higher coeffictant of friction also may facilitate retaining the

proximal end connector 144 on the applicator ip. These various design paranieters may



WO 2011/106437 PCT/US2011/025940

13

be achieved by formung dilferent portions of the delivery tip exiension 126 from different
materials, with difterent diameters, with different wall thicknesses, or any combination
theveof. Thus, the elongated shaft 128 mav be associated with a separate proximal end

connector B4 1o form the delivery tip extension 126 in some embodiments.

R

{0043} In another aspect, a svsiem is provided for delivering an adhesive material
to a site within a patient. The systern includes the svringe apparatus and the delivery tip
extension. The syringe apparvatus is operably connected to the delivery tip extension by
inserting the fhad applicator tip throogh the proximal opening and secusing 1t within the
proximal end portion such that the dispensing outlel is in fluid conmnunication with the

10 lumen

{004 The system may be used to deliver adhesive, sealant or figsue augmentalion
compostions to bond, coat, or anwment a vanety of tissue sites. The adhesive may bond
o living tissues, mcluding muscle, skin, connective tissue, nerve tissue. vascular and

cardiac tissues, cartilage, bone, and the like, as well as to corrasponding cadaver tissues,

ot
14

which may be preserved or otherwise chenucally treated. Bonds may also be formed 1o
natural or svithetic materials such as rubber, polvethylene terephthalate,
polvtetrafluoroethvlene, and the hike, as well as (0 melals, enabling the use of these
compositions for the attachment of surgical grafis and devices, as well as for wound
closure, trauma repair, and the fike in the practice of human or veterinary medicine. Non-
20 medical applicatons of the adbesive delivery system are also envisioned.
{0045] in another aspect, 8 method 18 provided for delivering an adhesiva to a
tissue site in a patient. The method includes flowing an adhesive from a syringe apparatus
through a delivery tip extension to a tissue sile in a patient. In some embodiments. the
delivery tip extension delivers the adhesive laparoscopically. 1o an exemplary
25 embodiment, the delivery tip extension i used in conjunction with a trocar to deliver the
adhesive to the tissue site.
16046] In another aspect. a8 method 15 provided for making a delivery tip extension.
The method inchudes a first siep of molding, extruding, thenmoforming, or & combination
thereot, an elongated shaft having a humen extending therethrough and a length between §
30 emand 45 em. The elongated shaft includes a proximal end portion, a central body
porton, and a tapered distal end portion. It some embodiments, the method inchades a

next step of overmolding a distal end covering about the distal end portion of the
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elongated shall, the distal end covering comprising a relatively softer matenal than the
elongated shaft. In some embodiments, the method for making a delivery tip sxtension
also includes a step of overmolding a proximal end connector about the proximal end

poriion of the elongated shaft. Overmolding distal and proximal end portions on an

R

glongated shaft may facilitate forming different portions of the delivery tip extension from
different matenials. Thus, the materials of the different portions may be spacifically
selected based on the desired function of the different portions. Additionally, overmolding
may faciiiiate varving the diameter of the delivery tip extension atong its length with
immproved guality control and less waste,

10 (0047 in particular embodiments, the elongated shaft is extruded from nigid
polvirethane (2.g., Isoplast® 25303 and the distal and/or proxinmal end coverings are made
from soft polvether block amide (2. g.. Pebax® 4033 SAGT) which is overmolded onto the
elongated shalt.

{0048} In some embodiments, the delivery tip extension components may be

ot
14

formed separately and then assembled or combined together. In other embodiments, ong
ot more preparation steps may be included between the component tormation and
combination steps, The preparation step may be of & phyaical or mechanical natare, for
example shaving, thermolorming, cnimping, cutting, flaring, or other steps known in the
art. Altematively, the preparation step may be of a chemical nature, tor exanyple solvent
20 applieation, degreasing, pnipung, or other steps known in the art. The combination step
may be accomphished by one or more steps that include gluing the components or surfaces
together, honding by chemical means, bonding by physical techniques (e.g., heat, aser,

ultrasound, racho frequency, or friction}. thermotorming or overmolding, or other switable

means.
25 [0049] The debivery ip extension may be packaged for shipping and storage. 1t

may be steritized once manutactured/assembled. erther betore or after packaging,
Stertlization may be achieved either by 1onizing radiation sterilization, chemmcal
steritization, or heat sterilization. Suitable examples includes gamma or electron beam
onizing radiation or elthviene onide (E1O} gas stenlization. Other suitable irradiation

30 processas mav be used. As used herein, the termn “sterthizable™ in reference 1o the delivery
tip extension means that the device is constructed of one or more materials that are stable

when subjected to an effective sterilization process,
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{0050} One of more delivery tip extensions may be packaged together with one or

R

10

more applicators to provide a kit In one embodiment, the kit contains different sizes of
delivery tip extensions together with an applicator syringe containing BioGlue™
{CrvoLife, Inc., Kennesaw, Georza USA) or another surgical adhesive. In one
embodinment, the delivery tip extension 1s packaged i 3 double pouch, such as one having
an inner pouch and an outer pouch. The delivery fip extension is packaged two tips per
pouch and ten pouches per box. The box preferably includes an Instroction For Use JFL)
insest, in the appropriate langunages.

[0051] Publications ctled herem and the matenals for which they are cited are
specifically incorporated by reference. Modifications and vanations of the metbods and
devices described herain will be obvious to thoge skilied in the art from the foregoing
detailed description. Such modifications and vanations are intended to come within the

scope of the appended claims.
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CLAIMS

We clane

L. A delivery tp extension lor communicating an adhesive malerial from a fuid

R

applicator fip 10 2 site within a patient, comprising:

an elongated shaft comprising a proximal end portion, a central body portion
having a length between 3 om and 45 cny, and a tapeved distal end portion: and

a lumen dafined within and extending along the slongated shaft from a proximal
openng on the proximal end portion 1o a distal opening on the distal end portion;
10 wherein the elongated shaft is relatively move rigid along the central body portion
than along the distal end portion to facihitate driving the elongated shaft through the
patient wilh reduced trauma 1o the patient by the disial end portion,

wherein the lumen is sized and shaped along the proximal end portion for securely

receiving the fhad applicator tip mserted through the prosamal opening such that a

ot
14

dispensing outlet on the fluid applicator tip is in flied communication with the humen, and

wherein the delivery tip extension s sterilized or sterifizable.

2. The delivery ip extension of claim 1, wherein the tumen has a reduced cross-
sectional area along the central body and distal end portions relative o the cross-sectional
20 area along the proximal end portion, the reduced cross~sectional area promoting rapid

trangport of adhesive from the flwid applicator tip 10 the distal openng.

3 The delivery tip extension of clawm 1, further comprising a distal end covering
posittoned about the distal end portion of the elongated shafl, the distal end covering
25 comprsing a relatively softer material than the elongated shafl, the relatively softer

matenal further reducing trauma to the patient by the distal end portion.

4, The delivery tip extension of claim 3, wherein:
the slongated shafl comprises a polvurethane material; and

30 the distal end covering comprises a polvether block anude material.
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3. The delivery tip extension of claim §, Hurther comprsing a proximal end conpector
defining the proximal end portion of the elongated shaft, the proximal end connecior

comprising a relatively softer material than the elongated shaft.

5 6 The delivery tip extension of claim 1, wherein:
the elongated shaft has an owter diameter of between about 2 nun and about 8 mm
along the central body portion; and
the lumen has a diameter of between about ¢.3 mun and aboul 3.0 mm along the
central body and distal end portions.
10
7. The delivery tip extension of claim 4, wheraire
the elongated shaft has an outer diameter of between about 4 mum and about 6 mm
along the central bodv portion; and
the lumen has a diameter of batween about (.8 mm and about 1.6 mm along the
15 central body and distal end portions.
8. The delivery Gip extension of claim 1, wheran the elongated shaft has a length of
about 18 om, about 27 cm, or about 33 em
20 9 The delivery tp extension of claim 1, wherein (he proximal end portion comprises
a textured inner surface for fricBonal engagement with the flaid applicator tip.
10, Thedelivery ip extension of clam 1, wheremn the elongated shaft comprises a
clear polymer.
25

11 The delivery tip extension of claim 9, wherein the polymer comprises a

polyurethane.
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12. A stesite kit for delivering an adhesive matevial to 3 sile within a patient,
COMPrising.
A SVEHNEE apparatus Compnsmg;

at least one chamber housing a fluid that comprises an adbesive or at least

R

one precursor therefor,

a fhwd apphicator tip in Jud comnumnication with each fluid 1n each
chamber, the fluid applicator tip having a digpensing outlet; and

at least one delivery tip extension connectable to the fhuid applicator tip of the

syringe apparatus for dispensing the adhestve, the delivery up extension comprising:
10 an elongated shaft comprising a proximal end portion, a central body
porlion having a length between 5 ¢ and 43 om, and a tapered distal end portion; and

a humen defined within and extending along the elongated shafl from a
procamal apening on the proximal end portion 1o g distal openiing on the distal end pottion;

wherein the elongated shaft s relatively more rigid along the central body

ot
14

portion than along the distal end portion o facilitate driving the elongated shaft throagh
the patient with reduced trauma to the patient by the distal end portion, and

wherein the lumen 1s sized and shaped along the proximal end porfion for
securely recetving the fhud applicator tip inserted through the proximal opening such that
the dispensing outlet iz in fluid communication with the fumen.
20
13. The svstem of claim 12, wheretn the at {east one chamber comprises & first

chanber and a second chamber.

14 The system of claim 13, wherein:
25 the first chamber houses a first flusd that comprises a solution including alboming
and
the second chamber houses a second fluid that comprises an aldehyde for

crosslinking the albumin.

30 153 The svstem of claim 13, wherein the svringe apparatus further comprises a plunger
for driving the frst and second fluids [rom the first and second chambers into the fluid

applicator tip.
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16, The svstem of claim 14, wherein the fluid applicator tip comprises a static nuxer

operable to mix the first and second fluids to fonm the adbesive.

R

17 The system of claim 12, wherein the fhud applicator fip comprises a stalic mixer.

18, A method for delivering an adhesive to g tissue site 10 a patient, comprising:
Denwing an adhesive from a syringe apparatus through a delivery tip extension 1o a
lissue site m a patient, the delivery Lip extension comprismg:

10 an elongated shaft comprising a proximal end portion, a central body
portion having a length between 5 cm and 45 ¢m, and a tapered distal end portion;
and

a lumen defined within and extending along the elongated shafl from a

proximal opening on the proximal end portion to a distal opening on the distal end

ot
14

portion:
wheremn the elongated shalt is refatively more rigid atong the central body
portion than along the distal end portion to facibitate driving the elongated shaft
through the patient with reduced trauma fo the patient by the distal end portion;
wherein the lumen is sized and shaped along the proximal end portion for
20 securely recetving the fluid appheator tip inserted through the proxinal opening
such that a dispensing outlel on the thad applicator tip is in flud comnunication

with the tumen.

19 The method of claim 18, wherein the delivery tip extension delivers the adhesive

25 laparoscopicaliy.

20, Awmethod of making a delivery tp extension, comprising!
moiding an elongated shaft having a tumen extending therethrough and a length
between 5 cm and 435 om, the elongated shaft comprising:
30 a proximal end portion,
a central body potlion, and

a tapered distal end portion; and
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20

overnolding a distal end coverning about the distal end portion of the elongated
shaft, the distal end covering comprising a relatively sofler maternial than the elongated

shaft, to form the delivery tip extension.

21, The method of claim 24, further comprising sterilizing the delivery tip extenston.
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