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(57) ABSTRACT 

A method of treating tissue lyophiliZes a biocompatible 
polymer having a functionality equal to or greater than three. 
The method provides a protein solution. The method mixes 
the protein solution With the lyophiliZed polymer to recon 
stitute the polymer and form a mixture, Wherein, upon 
mixing, the protein solution and the polymer cross-link to 
form a material composition. The method applies the mate 
rial composition to a tissue region. The biocompatible 
polymer can comprise, e. g., poly(ethylene glycol) PEG. The 
protein solution can comprise, e.g., albumin. 
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SYSTEMS, METHODS, AND COMPOSITIONS FOR 
MIXING AND APPLYING LYOPHILIZED 

BIOMATERIALS 

RELATED APPLICATIONS 

[0001] This application is a divisional of co-pending US. 
patent application Ser. No. 10/141,510, ?led May 8, 2002 
and entitled “Systems, Methods, and Compositions for 
Achieving Closure of Vascular Puncture Sites” (now US. 
Pat. No. 7,279,001), Which is a continuation-in-part of US. 
patent application Ser. No. 09/780,843, ?led Feb. 9, 2001, 
and entitled “Systems, Methods, and Compositions for 
Achieving Closure of Vascular Puncture Sites,” Which is a 
continuation-in-part of US. patent application Ser. No. 
09/283,535, ?led Apr. 1, 1999, and entitled “Compositions, 
Systems, And Methods For Arresting or Controlling Bleed 
ing or Fluid Leakage in Body Tissue,” Which is itself a 
continuation-in-part of US. patent application Ser. No. 
09/188,083, ?led Nov. 6, 1998 and entitled “Compositions, 
Systems, and Methods for Creating in Situ, Chemically 
Cross-linked, Mechanical Barriers.” 

FIELD OF THE INVENTION 

[0002] The invention generally relates to the systems and 
methods for delivering biocompatible materials to body 
tissue to affect desired therapeutic results. 

BACKGROUND OF THE INVENTION 

[0003] There are many therapeutic indications today that 
pose problems in terms of technique, cost e?iciency, or 
ef?cacy, or combinations thereof. 

[0004] For example, folloWing an interventional proce 
dure, such as angioplasty or stent placement, a 5 Fr to 9 Fr 
arteriotomy remains. Typically; the bleeding from the arte 
riotomy is controlled through pressure applied by hand, by 
sandbag, or by C-clamp for at least 30 minutes. While 
pressure Will ultimately achieve hemostasis, the excessive 
use and cost of health care personnel is incongruent With 
managed care goals. 

[0005] Various alternative methods for sealing a vascular 
puncture site have been tried. For example, collagen plugs 
have been used to occlude the puncture ori?ce. The collagen 
plugs are intended to activate platelets and accelerate the 
natural healing process. Holding the collagen seals in place 
using an anchor located inside the artery has also been tried. 
Still, patient immobilization is required until clot formation 
stabiliZes the site. Other problems, such as distal emboliZa 
tion of the collagen, rebleeding, and the need for external 
pressure to achieve hemostasis, also persist. 

[0006] As another example, devices that surgically suture 
the puncture site percutaneously have also been used. The 
devices require the practice of ?ne surgical skills to place 
needles at a precise distance from the edges of the puncture 
ori?ce and to form an array of suture knots, Which are 
tightened and pushed from the skin surface to the artery Wall 
With a knot pusher, resulting in puncture edge apposition. 

[0007] There remains a need for fast and straightforWard 
mechanical and chemical systems and methods to close 
vascular puncture sites and to accelerate the patient’s return 
to ambulatory status Without pain and prolonged immobili 
Zation. 
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[0008] There also remains a demand for biomaterials that 
improve the technique, cost ef?ciency, and ef?cacy of these 
and other therapeutic indications. 

SUMMARY OF THE INVENTION 

[0009] One aspect of the invention provides a method 
comprising providing a ?rst container holding a biocompat 
ible polymer in lyophiliZed form, the biocompatible polymer 
having a functionality equal to or greater than three. The 
method provides a second container holding a protein solu 
tion. The method introduces the protein solution into the ?rst 
container for mixing With the polymer in lyophiliZed form to 
reconstitute the polymer and form a mixture, Wherein, upon 
mixing, the protein solution and the polymer cross-link. The 
biocompatible polymer can comprise, e. g., poly(ethylene 
glycol) PEG. The protein solution can comprise, e.g., albu 
min. 

[0010] Another aspect of the invention provides a system 
comprising a ?rst container holding a biocompatible poly 
mer in lyophiliZed form, the biocompatible polymer having 
a functionality equal to or greater than three. The system 
includes a second container holding a protein solution. The 
systems includes an applicator to introduce the protein 
solution into the ?rst container for mixing With the polymer 
in lyophiliZed form to reconstitute the polymer and form a 
mixture, Wherein, upon mixing, the protein solution and the 
polymer cross-link. The biocompatible polymer can com 
prise, e.g., poly(ethylene glycol) PEG. The protein solution 
can comprise, e.g., albumin. 

[0011] Another aspect of the invention provides a method 
of treating tissue. The method lyophiliZes a biocompatible 
polymer having a functionality equal to or greater than three. 
The method provides a protein solution. The method mixes 
the protein solution With the lyophiliZed polymer to recon 
stitute the polymer and form a mixture, Wherein, upon 
mixing, the protein solution and the polymer cross-link to 
form a material composition. The method applies the mate 
rial composition to a tissue region. The biocompatible 
polymer can comprise, e. g., poly(ethylene glycol) PEG. The 
protein solution can comprise, e.g., albumin. 

[0012] Another aspect of the method provides a method. 
The method lyophiliZes a biocompatible polymer having a 
functionality equal to or greater than three. 

[0013] The method provides a protein solution. The 
method mixes the protein solution With the lyophiliZed 
polymer to reconstitute the polymer and form a mixture, 
Wherein, upon mixing, the protein solution and the polymer 
cross-link to form a material composition. The biocompat 
ible polymer can comprise, e. g., poly(ethylene glycol) PEG. 
The protein solution can comprise, e.g., albumin. 

[0014] Another aspect of the invention provides a method 
of treating tissue. The method lyophiliZes a biocompatible 
polymer having a functionality equal to or greater than three. 
The method provides a protein solution. The method pro 
vides a catheter. The method mixes the protein solution With 
the lyophiliZed polymer to reconstitute the polymer and 
form a mixture, Wherein, upon mixing, the protein solution 
and the polymer cross-link to form a material composition. 
The method applies the material composition through the 
catheter to a tissue region. The biocompatible polymer can 
comprise, e.g., poly(ethylene glycol) PEG. The protein 
solution can comprise, e.g., albumin. 
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DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a vieW of a system of functional instru 
ments for closure of a vascular puncture site e.g., following 
a vascular access procedure, comprising a vascular puncture 
site access assembly, to gain transcutaneous access to the 
vascular puncture site for the purpose of delivering a bio 
compatible material closure composition, and a formative 
component assembly, to house the components of the bio 
compatible material closure composition prior to use. 

[0016] FIG. 2 is an enlarged section vieW of the proximal 
end of a catheter assembly that forms a part of the vascular 
puncture site access assembly shoWn in FIG. 1. 

[0017] FIG. 3 is a cross section vieW of the inner and outer 
catheter bodies that comprise the catheter assembly shoWn 
in FIG. 2, taken generally along section line 3-3 in FIG. 2. 

[0018] FIG. 4A is an enlarged section vieW of the distal 
end of a catheter assembly that forms a part of the vascular 
puncture site access assembly shoWn in FIG. 1, shoWing the 
expandable structure carried by the assembly in a collapsed 
condition. 

[0019] FIG. 4B is an enlarged vieW of the Wall of the 
expandable structure shoWn in FIG. 4A, shoWing its open or 
Woven con?guration that alloWs blood ?oW through the 
structure. 

[0020] FIG. 5 is an enlarged section vieW of the distal end 
of a catheter assembly that forms a part of the vascular 
puncture site access assembly shoWn in FIG. 1, shoWing the 
expandable structure carried by the assembly in an expanded 
condition. 

[0021] FIG. 6 is an enlarged side section vieW of the 
junction betWeen the expandable structure and the outer 
catheter body of the catheter assembly shoWn in FIGS. 4A 
and 5. 

[0022] FIGS. 7A and 7B are perspective vieWs of alter 
native arrays of composition delivery noZZles located on the 
catheter assembly that forms a part of the vascular puncture 
site access assembly shoWn in FIG. 1. 

[0023] FIG. 8 is an assembled section vieW of the com 
ponents of formative component assembly shoWn in FIG. 1. 

[0024] FIG. 9 is an enlarged vieW illustrating the arrange 
ment of side holes in the ?rst needle of the formative 
component assembly shoWn in FIG. 1. 

[0025] FIG. 10 is a perspective vieW of the individual 
components of the formative component assembly shoWn in 
FIG. 1 and further illustrating the catheter assembly shoWn 
in FIG. 2 and the introducer/mixer assembly shoWn in FIG. 
1 coupled together. 

[0026] FIGS. 11-16 illustrate the use of the formative 
component assembly to deliver a closure composition to a 
vascular puncture site, Wherein 

[0027] FIGS. 11A and 11B are perspective vieWs illustrat 
ing the insertion of the vial component of the formative 
component assembly shoWn in FIG. 1 into to the applicator 
component; 

[0028] FIG. 12 is a perspective vieW illustrating the inser 
tion of the syringe component of the formative component 
assembly shoWn in FIG. 1 into to the applicator component; 
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[0029] FIG. 13 is a perspective vieW illustrating the pro 
cedure of coupling the assembled formative component 
assembly shoWn in FIG. 8 to the introducer/mixer assembly, 
Which is coupled to the catheter assembly as shoWn in FIG. 
10; 
[0030] FIG. 14 is a perspective vieW illustrating the 
advancement of the syringe plunger component of the 
formative component assembly and further illustrating the 
transfer of the liquid component in the syringe into the vial 
containing the solid component mixture of the liquid and the 
reconstituted solid components in the vial; 

[0031] FIG. 15 is a perspective vieW illustrating the urging 
of the mixture from the vial through the second needle 
component of the formative component assembly and into 
the introducer/mixer assembly; 

[0032] FIG. 16 is a perspective vieW illustrating the 
syringe and vial after the mixture has been transferred from 
the vial to the introducer/mixer assembly, and further illus 
trating residual mixture in the vial; 

[0033] FIG. 17 is a diagrammatic vieW of blood vessel 
puncture site formed to enable the delivery of a diagnostic 
or therapeutic instrument through a vascular sheath and over 
a guide Wire; 

[0034] FIG. 18 is a diagrammatic vieW ofthe blood vessel 
puncture site shoWn in FIG. 17, after removal of the diag 
nostic or therapeutic instrument and vascular sheath, keep 
ing the guide Wire deployed; 

[0035] FIG. 19 is a diagrammatic vieW ofthe blood vessel 
puncture site shoWn in FIG. 18, during deployment of the 
vascular puncture site access assembly shoWn in FIG. 1, the 
access assembly being deployed over the guide Wire With the 
expandable structure in a collapsed condition; 

[0036] FIG. 20 is a diagrammatic vieW ofthe blood vessel 
puncture site shoWn in FIG. 19, With the vascular puncture 
site access assembly deployed and the expandable structure 
in an expanded condition serving as a positioner Within the 
blood vessel for the closure composition delivery noZZles 
outside the blood vessel; 

[0037] FIG. 21 is a diagrammatic vieW of the blood vessel 
puncture site shoWn in FIG. 20, as the closure composition 
is being delivered through the closure composition delivery 
noZZles outside the blood vessel; and 

[0038] FIG. 22 is a diagrammatic vieW of the blood vessel 
puncture site shoWn in FIG. 21, after removal of the vascular 
puncture site access assembly and after the closure compo 
sition has formed a barrier to seal the puncture site. 

DETAILED DESCRIPTION 

[0039] Although the disclosure hereof is detailed and 
exact to enable those skilled in the art to practice the 
invention, the physical embodiments herein disclosed 
merely exemplify the invention that may be embodied in 
other speci?c structure. While the preferred embodiment has 
been described, the details may be changed Without depart 
ing from the invention, Which is de?ned by the claims. 

[0040] The systems and methods disclosed herein are 
shoWn in the particular context of closing a vascular punc 
ture site. That is because the systems and methods are Well 
suited for use in this indication, and this indication thus 
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provides a representative embodiment for purposes of 
description. Still, it should be appreciated that the systems 
and methods described can, With appropriate modi?cation 
(if necessary), be used for diverse other indications as Well, 
and in conjunction With delivery mechanisms that are not 
necessarily catheter-based. For example, the systems and 
methods can be used With delivery mechanisms Which spray 
materials, e.g., for the purpose of tissue sealing or adhesion 
prevention. As another example, the systems and methods 
can be used With delivery mechanisms Which use cannulas, 
e.g., for the purpose of ?lling tissue voids or aneurysms, or 
for tissue augmentation. As yet another example, the sys 
tems and methods can be used to deliver drug or cells to 
targeted locations. 

System OvervieW 

[0041] FIG. 1 shoWs a system 10 of functional instruments 
for closure of a vascular puncture site e.g., following a 
vascular access procedure. 

[0042] As Will be described in greater detail, the instru 
ments of the system 10 are, during use, deployed in a 
purposeful manner to gain transcutaneous access to a vas 
cular puncture site. The instruments of the system 10 are 
manipulated to place a biocompatible material composition 
outside the blood vessel at the puncture site. The biocom 
patible material composition produces a solid, three dimen 
sional matrix that closes the puncture site. 

[0043] In a preferred embodiment, the biocompatible 
material composition is comprised of tWo or more formative 
components Which are mixed in a liquid state While being 
delivered by the system 10 transcutaneously to the puncture 
site. Upon mixing, the formative components react, in a 
process called “gelation,” to transform in situ from the liquid 
state, to a semi-solid (gel) state, and then to the biocompat 
ible solid state. 

[0044] In the solid state, the composition takes the form of 
a non-liquid, three-dimensional netWork. Desirably, the 
solid material composition exhibits adhesive strength 
(adhering it to adjacent tissue), cohesive strength (forming a 
mechanical barrier that is resistant to blood pressure and 
blood seepage), and elasticity (accommodating the normal 
stresses and strains of everyday activity). These properties 
provide an effective closure to the vascular puncture site. 

[0045] The solid material composition is also capable of 
transforming over time by physiological mechanisms from 
the solid state to a biocompatible liquid state, Which can be 
cleared by the body, in a process called “degradation.” 

[0046] As FIG. 1 shoWs, in one embodiment, the system 
10 can be contained, prior to use, in tWo functional kits 12 
and 14. 

[0047] The ?rst kit 12 contains a vascular puncture site 
access assembly 16. The purpose of the access assembly 16 
is to gain transcutaneous access to the vascular puncture site 
for the purpose of delivering the biocompatible material 
composition. 

[0048] The second kit 14 contains a formative component 
assembly 18 and directions for use 19. The purpose of the 
formative component assembly 18 is to house the compo 
nents of the biocompatible material composition prior to 
use. As Will be described in greater detail later, these 
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components are mixed and delivered by the access assembly 
16 to the puncture site. The directions for use 19 provide the 
user With a step-by-step procedure and information for use 
of the assembly 18, as Will be described in greater detail later 
(see FIGS. 11-16). 
[0049] The kits 12 and 14 can take various forms. In the 
illustrated embodiment, each kit 12 and 14 comprises a 
sterile (e.g, steriliZed by ethylene oxide gas), Wrapped 
assembly. 

The Access Assembly 

[0050] As FIG. 1 shoWs, the access assembly 16 com 
prises a catheter assembly 20 and a component introducer/ 
mixer assembly 22. 

The Catheter Assembly 

[0051] The catheter assembly comprises a ?exible inner 
catheter body 24 that is slidably carried Within a ?exible 
outer catheter body 24 (see FIGS. 2 to 5). The inner and 
outer catheter bodies 24 and 26 can be made from an 
extruded plastic material, e.g., PEBAXTM material. The 
outside diameter of the outer catheter body 26 can vary, e. g., 
from 6 Fr. to 10 Fr. 

[0052] The outside diameter of the outer catheter body 26 
is siZed to seal the tissue track 34 through Which it is 
introduced, so that its presence is hemostatic (see FIGS. 
19-21). The tissue track 34 typically Will have been previ 
ously formed by a vascular introducer or cannula 28 (see 
FIG. 17), through Which the desired therapeutic or diagnos 
tic instrument is ?rst introduced (typically over a guide Wire 
32) through a puncture site 36 into the vessel, e.g., to 
perform coronary angioplasty. After performing the intended 
procedure, the instrument 30 and introducer 28 are With 
draWn (see FIG. 18), leaving the puncture site 36 and the 
tissue track 34. The outside diameter of the outer catheter 
body 26 is selected to match the outside diameter of the 
vascular introducer 28, so that the outer catheter body 26, 
When deployed, Will block substantial How of blood from the 
puncture site 36 up the tissue track 34. 

[0053] The proximal end of the outer catheter body 26 is 
secured, e.g., by adhesive, to the distal end of a preformed 
y-shaped adapter 38 (see FIG. 2). The adapter 38 serves as 
a handle for the entire catheter assembly 20. A strain relief 
sheath 40 desirably encompasses the outer catheter body 26 
adjacent the handle 38. 

[0054] The proximal end of the inner catheter body 24 
extends through and beyond the handle 38. The exposed end 
of the inner catheter body 24 desirably carries a luer ?tting 
42, so that a ?ushing ?uid can be introduced through the 
inner catheter body 24. The inside diameter of the inner 
catheter body 24 de?nes an interior lumen 44 (see FIG. 3) 
that is siZed to accommodate passage of the guide Wire 32. 

[0055] A carrier 46 is carried on a track 48 in the handle 
38 for fore and aft sliding movement. The inner catheter 
body 24 is adhesively secured Within the sliding carrier 46, 
so that fore and aft movement of the carrier 46 in the track 
48 affects sliding movement of the inner catheter body 24 (as 
FIGS. 4A and 5 shoW). In response to forWard movement of 
the carrier 46 (as FIG. 4A shoWs), the inner catheter body 24 
slides in a distal direction Within the outer catheter body 26. 
In response to aft movement of the carrier 46 (as FIG. 5 
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shows), the inner catheter body 24 slides in a proximal 
direction Within the outer catheter body 26. 

[0056] A spring biased latch mechanism 50 is desirably 
coupled to the carrier 46. The latch mechanism 50 snap-?ts 
into detents 52 (shoWn in FIG. 2) at the proximal and distal 
ends of the track 48, to releasably lock the carrier 46 against 
movement. Finger pressure releases the spring biased latch 
mechanism 50 from the detents 52, to release the carrier 46 
for movement betWeen the proximal and distal detents 52. 

[0057] The interior diameter of the outer catheter body 26 
(see FIGS. 3 to 5) is larger than the exterior diameter of the 
inner catheter body 24. In interior passage 54 is thereby 
de?ned betWeen them (see FIG. 3). A port 56 on the handle 
38 communicates With the passage 54 (see FIG. 2). The port 
56 terminates With the component introducer/mixer assem 
bly 22 through intermediate tubing 58. Liquid components 
introduced through the assembly 22 exit the passage 54 
through one or more noZZles 60 formed near the distal end 
of the outer catheter body 26 (see FIG. 6). As FIGS. 3 and 
6 shoW, a thin Wall tube 62 (extruded, e. g., from a polyimide 
material) desirably covers the inner catheter body 24, to 
prevent liquid components Within the passage 54 from 
adhesively bonding the inner catheter body 24 to the outer 
catheter body 26. Free sliding motion of the inner catheter 
body 24 Within the tube 62 is thereby preserved. 

[0058] The noZZles 60 can be arranged in different deliv 
ery patterns. In one embodiment (as FIG. 7A shoWs), an 
array of noZZles 60, circumferentially spaced apart, is pro 
vided. In another embodiment (as FIG. 7B shoWs), the 
noZZles 60A and 60B are spaced apart along the axis of the 
outer catheter body 26, as Well as being staggered to face 
different directions about the axis. 

[0059] The diameter of the noZZles 60 can also vary (e.g., 
from 0.02" to 0.035"). The noZZles 60 can all share the same 
diameter. Alternatively, the noZZles 60 can have different 
diameters, to create preferential ?oW patterns (the liquid 
composition folloWing the path of less ?oW resistance in 
preference to a path of greater ?oW resistance). 

[0060] It is desired that the noZZles 60 reside outside the 
blood vessel When the material composition is introduced. 
To help locate the noZZles 60 outside the blood vessel, the 
catheter assembly 20 includes an expandable structure 64 
located near to and distally of the noZZles 60 (see FIGS. 4A 
and 5). 

[0061] The Wall 66 of the structure 64 desirably comprises 
an open or Woven or braided structure comprising interlaced 

or intersecting strands or threads 68 (see FIG. 4B), e.g., 
made from an inert biocompatable polymeric material, such 
as nylon. Alternatively, the outer catheter body 26 can itself 
be slotted at circumferentially spaced locations to form the 
structure 64. The proximal end of the structure 64 is secured 
(see FIG. 6), e.g., by a fuse joint 70, about a gland member 
72 that encircles the thin Wall tube 62. As FIG. 6 also shoWs, 
the distal end of the outer catheter body 26 is also secured, 
e.g., by adhesive, to the gland member 72. An o-ring 74 is 
also desired placed Within the gland member 72 to prevent 
leakage of liquid components from the passage 54 into the 
interior of the structure 64. 

[0062] The distal end of the structure 64 is secured, e.g., 
by adhesive or a shrink-?t sleeve, to a region of the inner 
catheter body 24 that extends beyond the outer catheter body 
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26. The inner catheter body 24 also extends a distance 
distally beyond the structure 64, forming a leader 76 (see 
FIGS. 4A and 5). In use, the leader 76 is located inside the 
blood vessel immediately interior to the puncture site 36 
(like the leader 76 in FIGS. 19 and 20). In use, the array of 
noZZles 60 is located outside the blood vessel exterior to the 
puncture site 36 (like the noZZles 60 in FIG. 20). Sliding 
movement of the inner catheter body 24 relative to the outer 
catheter body 26 serves to mechanically expand (see FIG. 5) 
and collapse (see FIG. 4A) the structure 64, so that this 
desired positioning of the noZZles 60 and leader 76 can be 
achieved. 

[0063] Since, in the illustrated embodiment, the structure 
64 possesses a Wall that is open or Woven, the structure 64 
permits blood ?oW through it, thereby presenting a minimal 
disruption of blood How in the vessel during use. Due to the 
open or Woven con?guration of the structure 64, the posi 
tioner can be deployed in an expanded state Within the artery 
prior to being seated against the interior of the vessel Wall, 
With minimal disruption of blood How. This alloWs the 
physician to proceed With the deployment and positioning of 
the structure 64 Within the vessel in a deliberate fashion, 
Without being rushed due to ancillary considerations of 
attendant blood ?oW disruption. The open structure 64 can 
be deployed While a patient is in an operating room, and left 
deployed While the patient is Wheeled from the operating 
room to another suite, Where the vessel closure procedure is 
completed. In this Way, the operating room, its staff, and its 
equipment are made available for another procedure While 
the vessel closure procedure is completed in another setting 
by a medically trained person, Who need not be a medical 
doctor. 

[0064] Desirably, radiopaque marker bands 78 are secured 
to the proximal and distal ends of the structure 64, as Well 
as to the distal-most end of the leader 76. Preferably, the 
three markers 78 appear at equidistant intervals When the 
structure 64 is in its collapsed or stoWed condition. Thus, 
When the structure 64 is in its expanded condition, the 
markers 78 no longer appear equidistant. In this Way, the 
physician can readily gauge by ?uoroscopy the location of 
the distal-most end of the inner catheter body 24, as Well as 
the distance betWeen the ends of the structure 64 and, 
thereby, assess the position and con?guration of the inner 
catheter body 24 and the structure 64 near the puncture site 
36. 

The Component Introducer/Mixer Assembly 

[0065] Before mixing, the components for the material 
composition are housed in the formative component assem 
bly 18 contained in the kit 14 (see FIG. 1), Which Will be 
described in greater detail later. 

[0066] As FIG. 10 shoWs, the proximal end of the intro 
ducer/mixer assembly 22 includes a length of ?exible inter 
mediate tubing 58 that couples to the port 56 of the 
y-adapter/handle 38. The distal end of the assembly 22 
includes a luer ?tting 84 that couples to the formative 
component assembly 18 (see also FIG. 13). 

[0067] Communicating With the tubing 58 in the direction 
of How into the passage 54, are an in-line syringe activated 
check valve 86, an in-line mixer 88, and an in-line air 
accumulator 90. 




















